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Abstract. A techniqt1e involving micro scopic examination of oto lith growt h 
zone s has been commonly used by archaeo logi sts along the coast of Ca lifo rni a 
to estimate season-of-captt1re of prehi storic fishes and to infer the season of site 
Lise. A test of otolith edg e analysis techniqt1e s was performed on modern oto li ths 
by estimating seaso n-of-capture for otoliths with known date s of cap ture. Suc­
cessful identification of sea son-of -ca pture wa s low, even in a best case sce nario 
with the age-validated spo tted sand ba ss (Paralabrax maculatofasciatus), empha­
sizi ng the subjectivity of thi s kind of a11alysis and i11herent variability of growt h 
zone fo1·mation in oto lith s. Alte1·ation of the otolith matrix from environmenta l 
factors furth er comp lic ates the determination fo1· archaeological otoliths, but surf­
perches (family Embiotocidae) hold promise for ft1ture stt1dies. Thi s study has 
ca lled into question the va lidity of protocols that have not utilized age va lidated 
otolith co llect ion s and begs caution when estimating seaso n-of-captu1·e f1·om oto­
liths. 

Evaluations of site seasona lit y are an i1nportant co mpon ent of archaeological 
research in North America (Monks 1981 ; Bettinger 1991; Kelly 1995 ) . For areas 
st1ch as Ca lifornia that were i11habited by hunt er-gatherer s, es timat es of archaeo­
logical site seasona lity provide critical insights into the relati ve mobility of for­
aging co1nmunities . Estimates of the seasona lity of occupatio11 have been devel­
oped fron1 a va1·iety of indices in Ca lifor nia including the remains of migrating 
shorebirds and marine 1nammals (Howa 1·d 1929; Hild ebr andt 1993), visua l ana l­
ysis of g1·owth increments in shellfish re1nains (Ce 1-i·eto 1992; Lyo ns 1978) , anal­
ysis of oxygen isotopes in molluscan remains (Ki llin gley 1981; Kennett 2003), 
and inve stigatjon of ann ual growth zone s in deer teeth (O'B1·ien 200 l: Moffitt 
2002). Casteel ( 1976) suggested that fish oto lith s tni ght be usef ul in this context 
bec au se of thei1· extensive use in fishery biology and, in pa1·ticulai·, age estin1ation 
in fishe s (HL1yghebaert and Nolf 1979; Nolf 1985). Pe1·iodic deposition ot· g1·owth 
zone s in otolith s has been attributed to tempe1·ature, feeding, spaw nin g, seaso nal 
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changes and other· causes (Beckman and Wilson 1995). In general, favorabl e 
growing conditions lead to the formation of an opaque growth zone and a period 
of poor conditions leads to a translucent growth zone (Pannella 1980) , bt1t thi s 
trend has not been firmly established for all spec ie s of marine fisl1es. S1nith (1983 ) 
used the huge otoliths of black drum (Pogonius cromis) from an archaeological 
site in Texas to determine the season-of-capture, and in the most elaborate use of 
otoliths for seasonality dete1·mination to date, Higham and Horn (2000) demon­
strated seasonal capture of red cod (Pseudophycis bachus) in New Zealand. 

For num erous archaeological sites along the coast of Califor11ia , a technique 
developed and applied by Huddleston ( 1981) has been used to determine season 
of site occupation by estimating the season-of-capture from recovered otoliths 
(Langenwalter et al. 1989; Salls et a]. 1989; Langenwalter and Huddleston 1991; 
Jone s et al. 1994, 1996). Tl1e basis of the technique used to determine season-of­
capture, and consequently the season of occupation, involves mic1·oscopic ex­
amination of growth zones in whole otoliths when thin enot1gh for transmitted 
light, or sectioned otoliths when too thick for transmitted light. I11 some cases, 
heating of the otolith was used to enhance growth zo 11e visibility; this techniqt1e 
is commonly known as break-and-bu1·n (Christensen 1964). It is hypothesized in 
these studies that the growth ring type ( opaque or translucent) at the otolith 1nargin 
can be used as an indicato1· of season-of-capture (Huddleston 1981, Erlandson 
1994). 

Although age determination of fishes using otoliths has long been an established 
practice in fisheries research (Chilton and Beamish 1982) , it has not been estab­
lished that season-of-capture dete1·mination from otolith margin observations is 
accurate for some studies (Gobalet 2001). Examination of the otolith margin is 
typically associated with a subjective form of age estimate validation, where the 
formation of the successive growth zones is documented over a period of time 
that elucidates the annual formation of growth zones (Campana 2001). Because 
the fo rmat ion of a growth zone can be associated with a season it is possible that 
season-of-capture can be determined (Gobalet 1989). Determining season-of-cap­
ture for fishes using this approach, however, is st1bjective and can be very prob­
lematic. For freshwater fishes, seasonal changes in growth may be better defined 
in the otolith than for marine fishes because ocean seasons can be off set by several 

• 
months (Niiler 1977) or growth may be complicated by events like upwelling or 
El Nino. Freshwater fishes, howeve1·, can have a broad period of growth zone 
formation that could confound season-of-ca pture determination (Thompson and 
Beckman 1995). In general, the timing of growth zone formation in otoliths has 
substantial variability at the individual, population, and species levels (Williams 
and Bedford 1974; Thompson and Beckman 1995). 

Season-of-capture determination for archaeological otoliths is further compli­
cated by the difficulty of species identification. While keys are available to assist 
with species determination from otolith shape (e.g. Smale et al. 1995; Harvey et 
al. 2000), some otoliths can only be identified to genus or family at best. There­
fore, the application of otolith edge analyses lead s to an assumption that age and 
growth information for one or some fa1nily mem ·bers is applicable to all rnembe1·s. 
Most temperate fishes (23° to 45° norih latitude) form an opaque zone during 
spring and summer with a peak at April to May (Beckman and Wilson 1995). 
There are marked exceptions, however· , like the California grunion (Levtresthes 
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tenuis) which doe s not grow durin g its spring to summer spawning period , making 
the timing of opa qu e and tran slucent growth zone formation completely out of 
pha se from what is expected (Spratt 1971; Fritz sche et al. 1985) . The be st case 
scenario for determining seaso n-of-ca ptu1·e from an otolith section would be for 
a fish known to species, for which age and growth ha s been de scribed and vali­
dated. 

In thi s study , an attempt was made to determine sea son-of-capture for modern 
and archaeo logical oto lith s from transverse sec tion s. The modern spe cimen s, with 
known date of capture, were used to evaluate the reliability of thi s technique. To 
furt her describe the subjecti vity of seas on-of -capture estimation, modern otoliths 
from spotted sand ba ss (family Serranidae, Para labr ax 1nacu latofas ciatus) , age 
validated u sing otolith edge analysis (Allen et al. 1995; Andrews , unpubli shed 
data), were also L1sed to qualitatively assess the difficulty of seaso n-of-capture 
determination in a best case sce nario. It was anticipated that the tech11ique would 
prove re liable enough that estimates of seaso n-of-captur e could then be made for 
the a1·chaeologica l specimens to provide a season of occL1pation estimate for the 
two prehistoric sites from which the specimen s were collected. It was hypothe­
sized, however, that seas on-of-captu1·e estimation for archaoelogical otoliths might 
be com pli cate d by problems with species identification and environmental effects 
on the otol ith margin. 

Methods and Material s 

Ninteen modern otoliths from marine fishes of coastal California, identified to 
species with known dates of capt ure , were selecte d by Ken Gobalet from the 
skeleta l co llect ion in the D epa rtm ent of Biology , California State Univer sity , Ba­
kersfie ld . Twelve archaeological otolith s collected from two pr ehi stor ic sites near 
San Si1neon in San Lui s Obispo , County , California (CA- SL0-179 and CA-SL0-
267) were also L1sed in this analysi s. Excavations at the se site s were directed by 
Te1ry Jone s (Jones and Ferneau 2002). Otolith spec imen s from both the mu seum 
collect ion and the archaeologica l si tes we1·e identified by Ken Gobalet , and the 
otoliths, inclt1ding the taxonomic de signations of the mu set1m spec im ens (but not 
the date s of death) we1·e provided to Allen Andrews for seaso n-of-capture esti­
mation and eval uation of the arc heo logica l otol ith s. The fisheries standard of 
Robin s et al. ( 1991) was L1sed for the taxonomic and common nomenclature. 

The otoliths were mount ed in cas tin g resin and transve 1·sely sec tioned using a 
BL1ehler Isomet ® saw with diamond wafe1·ing blade s separated by acetate spacers 
(0 .6 mm). Sections were mounted to glass slid es with Cytoseal ® mounting me­
dium. Furt her g1·inding on a Buehle1·® lapidary wheel (800 grit carbide wet/dry 
paper) was nece ssary for most sec tions to enhance the definition of growth zo ne s. 

Fin ished otol ith sec tions were viewed tht·ough an OlympL1s® di ssecting micro­
scope L1sing tran smitted light at magnification s bes t suit ed t·or eac h section ( 10-
25 X ). Otolith s were aged based on the ass umption that grow th zo ne s were formed 
annually (one per year). Margin type , defi ned as either tran sluc ent or opaque to 
t1·ansmitted light, was determined fo1· each sec tion when possible. Reflected light 
was also t1sed to atte mpt to cla1·ify L1nclear sect ions. Trans lucent m arg in s, typi cally 
three seaso ns of grow th (fall through sprin g), were categori zed in three different 
stages based on the thickness of the t1·anslucent zo ne relative to the previou s 
t1·a11sluce11t zone (prev iou s yea rs growt h). Wh en the tran slu cent zone was thin , it 
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was labeled ''ea rly ," thicker than one ha]f the pr eviou s years growth was labeled 
' ' late,'' and in between was lab eled '' middle.'' Opaque margins, typically one 
season of growth (sum1ner), were usually thinner and were not broken into cat­
egories. Season-of-capt11re was subjectively estimated ba sed on the margin ob­
servation de scribed above and an appropriate literature so11rce for age and g1·owth 
information (Tables 1 and 2). In some cases, age and growth information was 
lacking for the species and extrapolation from other specie s of the same fam ily 
was required . 

Because the initial set of modern otolith s included a wide range of species, a 
larger group of specimen s repre senting a single species was u sed for a seco nd 
test of the reliability of sea son- of-capture estimation. A total of 40 spotte d sand 
bas s otoliths collected in the G11lf of California, Mexico , with known dates of 
capture, wa s available to the senior author. The se otoliths were pre viously mount­
ed and sectioned in the same manner stated above . Ten spotted sand ba ss otolith 
sections from each collection season (Winter = January , Spring = April , Summ er 
= July, Fall = October) were randomly selected and the seaso n-of-captur e was 
estimated. Because age and growth was validated u sing an otolith edge analysis 
covering collections made dL1ring the four seasons (Andrew s, unpublished data ), 
season-of-capture wa s estimated for the se 40 otolith sec tion s using the same 
guidelines stated above. 

Re sult s and Di scu ssion 

A thorough literature sear ch for age and growth information on eac h fish spe­
cie s, genu s and family wa s pe1·formed to assist with proper seaso n-of -capture 
estimation for the mod .ern and archaeological otolith s. An attempt was made to 
obtain specie s leve l information first, followed by genus and family with similar 
geographical or latitudinal di st1ibution when specific information was una vailable. 

The modern otolith s represented 16 specie s from 8 families and edge or mar gin 
analyse s could be fot1nd for only 6 species, of which 2 studie s used sca le s (Table 
1). Age wa s estimated for otolith section s that had clear, qt1antifiable growth 
zones. Age could not be determined for three otoliths. Margin type was dete1·­
mined for the remaining spec imen s wh en the thickn ess of the growth zone s at 
the otolith margin permitted ; six margin s were opaque and nine were translucent. 
Two had growth zo ne s that were too thin to determine margi .n typ e and two were 
estimated ba sed on the thickne ss of the pr eviou s year s growth. Stag e was assigned 
for eight of the tran sluc ent margined sections. Sea son-of-captur e was estimate d 
for 14 of the sections, of which month to month designation s were assigned when 
the infor1nation wa s available from refe1·ence s, and generic season (e .g . sprin g) 
was assigned when larger assumptions were nece ssa ry. M any age and grow th 
references were researched for pertinent marginal growth zone information , but 
only a few had usef ul data for edge type relativ e to sea son (Table 1). In some 
ca ses , the sea son-of-capture wa s estimated based on very general information . 

Once season of capture estimates were made , the senior author obtained act ual 
captt1re dates for the specimens from Dr. Gobalet. Compari son showed that the 
estimated season-of-captu1·e for the modern otolith s was within the seasona l limits 
for only six otoliths , well outside for eight , and five were not u seful (Table 1). 
Of the six within the known season-of-capture, Parali chthys californicus was only 
marginally useful becau se of the broad estimated range, spring to summer . The 



Table l. Result s fro1n seaso 11-of-captur e estimatio 11s for moder 11 otolit hs. * 

Estin1ated Es timated Actual 

I 
Species Margin type age (yr) Stage seaso n-of -ca ptt1re death dat e 

MerlLtcciLtS productus (Pa cific hake ) translucent 12 early Sept - Nov 6/80 
Atherinopsis californ ie11s is Gack- tran slu cent 1 late early sprin g? 9/15/80 

sme lt) I 

Sebastes fiavidits (ye llowt ail rock- translucent 14 mid - late Jan - Mar 11/ 19/78 
fish) 

, 

S. 11ielanops (black rockfi sh) ? 12- 16 n .a. n.a . 6/15/97 . 

S. nebulosus (china rockfi sh) ? 16 n .a . n.a. 9/1/80 . 

S. rufas (bank rockfi sh) tran slucent 11 ? De c- Jan 1/11/85 . 

S. rLifus (bank rockfi sh) n.a. not ageab le n .a. n.a. 1 /11/85 
H exag ramn ios decagra1ri1ni 1s (ke lp opaque 2 - Jul-Sept 9/2/80 

greenling) 
H. cleccigrc1111111its (ke lp gree nlin g) opaque 2 - Jul - Sept 11/80 
Oplii odo 11 elongci tits (lingco d) opaq ue 3 - Jt1l-Sept 11/80 
Atra ctoscion 1iobili s (white sea bass) n.a. not ageab le n.a. n.a. 1/8/86 
Seripliits politis (queenfish) tra nslt1cent 6 late lat e summer-e arly winter 4/4/85 
E,nbiotoca lat ercilis (striped surf - transluce nt? 8 late Jan-Mar 3/20/94 

per ch) 
Rhacochilus vacca (pil e perch) tran sluce 11t 8 late Ja n- Mar 3/20/94 
Chronii s pit c tipinrii s (bla cks mith ) n.a. no t agea ble n.a . n .a. 7/3/86 
P araliclitliys ca l~for,ii ci ts (Califor nia opa qu e 5 - spring- summe r? 7/27/90 

halibut ) 
Eop set ta jordani (petrale sole) 01Jaque 9 - Apr il- Oct. 3/20/94 
Eopsetta jorda,ii (petra le sole) tran slL1ce nt 5 late Jan-Mar 6/ 16/79 
Pse tti chth ys nie lct11os tictus (sand tran slucent 2 ear ly fall? 10/26/94 

sole ) 

* n.a. -not applicabl e. 

Es timat e 
acc urate? 

no 
no 

110 

n.a. 
n.a 
yes 
n.a. 
yes 

no 
no 
n .a. 
no 
yes 

yes 
n .a. 
yes 

no 
no 
yes 

H elpful refe rence 

Dark (1975 ) 
Beck man and Wilson 

(1995) 
Kimura et al. (1979 ) 

Six and Horton ( 1 977) 

Watters (1993) 

Ye (1993) 

Cass and Beami sh ( 1983) 

Go ldberg ( 1976) 
G11ose ( 1967) 

War e (1971 ) 

Becki11ai1 and Wilso11 
(1995 ) 

Gregor y and Jow (1976) 

Beckma 11 and Wi lson 
(1995 ) 
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Tabl e 2. Seaso 11-of-ca ptt1re es tim ation s for archae ological oto liths recovere d fro111 SL0-179 and SL0-267 

Location and taxon 

SL0 -179 

Osmerida e (smelt famj ly) 
Osmeridae (s1nelt family ) 
Osmer:idae (s1n elt family) 
Spirincl1us starksi (night sin elt ) 
Spirinc l1us starks i (night s1n elt ) 
Sebastes sp . (rockfi sh) 
Hexag rammidae (gree nlin g fami ly) 
Cy,natogctster aggregata (shin er per ch) 
En1bioto ca sp. (surfpe rch) 

SL0-267 

Seba stes sp. (rock fisl1) 
Sebastes sp . (rock fish) 
E,n!Jiotoca sp. (surfper ch) 

n.a. -not applicab le. 

Estjmat ed 
age (yr) 

2 
< l ? 
< l 

6? 
< l 

not ageable 
2? 

11ot ageable 
12 

8 to 28 
~ 20 

5? 

Mar gin 
type 

tran slucent 
tran slucent 
translucent 
transluce nt 
? . 

n .a. 
trans lucent 
opaqu e 
opaque? 

? 
• 

? . 

n.a. 

Stage 

middle? 
ear ly? 
ear ly? 
mjddle to late ? 
n.a. 
n.a . 
? . 

n .a. 
n.a . 

11.a. 
n.a . 
n.a. 

Es tin1ated 
seaso11-of captur e 

winter? 
fal l? 
fall? 
winter to early sprin g? 
11.a. 
n.a. 
n .a . 
11.a 
1nidsuIDI11er to winter? 

n.a. 
n .a. 
mjdsumn1er to winter? 
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Matrix darkening 

Margin clearing Adhering soil 

Fig. 1. A transverse cro ss sec tion of an arc haeo logical otolit h , identified as a rock fish (Sebaste s 
sp.) , viewed with tra nsmitted light and exhibitin g the typical for ms of oto lith matrix alteration s that 
can occur from enviro nm ental factor s. Matrix or mar gin dark enin g and clearin g, and adh eri ng soil, 
can lea d to a mi sint erpretation of the 1nargin type for seaso n-of-capture est imati on . Th e symmetri cal 
depth of the margi11 clearin g is inco nsistent wi th the asymm etri cal growt h kno wn to occur in rockfis h 
otolit hs. 

actual date of death was July 7 , 1980. Consequently , the season-of-capture wa s 
accurately determined for only 32 % of the specimen s and 43 o/o of those attempted. 

The archaeological otoliths consi sted of three specimen s identified to two spe­
cies , five otoliths identified to two genera , and four otoliths identified to two 
familie s from two archaeological site s (Table 2). Age wa s estimated for 10 otolith 
sec tion s and was tenuou s at best for so1ne sample s. Two were not ageable because 
the grow th zones were poorly defined. Edge type wa s determined for eight sec­
tions and stage was as signed to four sec tion s with tran slucent zones. Season-of­
capt ure wa s tentatively es timated ba sed 011 the margin type and the as sumption 
that the available age and growth information wa s applicable. The appearance of 
some of the otolith margin s, however , made the margin type subject to additional 
scrutiny. 

Bec ause no age and growth information could be found for the family Osmer­
idae (includin g Spirin chus starksi ), assumption s were n1ade ba sed on the general 
seasonal g1·owt h pattern observed in otoliths (Beckman and Wilson 1995). For 
four of the five sample s, the seaso n-o f-cap ture could have been from fall to early 
spring (Tabl e 2), however , if the grow th of osmerids are similar to California 
gr uni on (Leuresthes tenuis), another in sho1·e epipelagic fish , the sea son-of-capture 
co uld be 6 months out of pha se from the estimate (Spratt 1971 ; F1·itzsche et al. 
1985) . These otol ith sections exhibited what appeared to be a clearing (increased 
trans l usce nce to transmitted light) of the otolith mat1·ix at the edge. 

The three otol ith s identified as member s of the rockfi sh family (family Scor­
paenidae: Sebas·tes sp.) provided the least amount of mar ginal growth zone in­
fo rm ation (Table 2). One sample from archaeological site CA-SL0-179 did not 
produ ce a reada ble section, but had a strong symm etrical translucent margin (F ig­
ure 1 ). Beca use the tran sluce nt mar gin wa s symmetrical and the growth of rockfish 
oto lith s is usually asy m1netrical (Beam ish 1979), it wa s conclt1ded that thi s margin 
was f1·om a clea 1·in g of the oto lith matri x. Use of reflected light did not aleviate 
the problem and seaso n-of-capt ure co uld not be determined. Th e two sections 
f1·om archaeo logical site CA -SL0-267 produ ced readable sec tion s, but thi s was 
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complicated by a different kind of interference. One sample was aged at both 
eight years (based on grouping of fine growth inc1·ements) and twenty-eight years 
(based on a count of all the fine g1·owth increment s). Becau se the species of 
rock:fish was t1nknown and many rockfish can be quite old, either estimate wottld 
have been possible (Cailliet et al. 2001). The 1nargin type , however , could not be 
determined because of what appeared to be a denaturing of the otolith matrix, 
which made the edges appear black in transmitted light (Figure 1). The other 
sample was aged at about 20 years, but season-of-captu1·e determination was not 
possible because the growth zones were too thin near the margin and appeared 
to have suffered the same denaturing problem. Use of reflected light did not 
alleviate the problem. 

The one sample identified as a member of Hexagrammidae was tentatively aged 
at two years and had a translucent margin. This otolith, however , appeared to 
have suffered from the same otolith clearing observed in other species. While the 
growth zones were not well defined, as is often the case with young fish, the 
presence of a symmetrical translucent margin made season-of-capture esti1nation 
suspect. 

Two of the three otoliths from the archaeological sites iden tified as members 
of the surfperch family (Embiotocidae) see m to have provided the most reliable 
season-of-capture information. The Cymatogaster aggregata sample was very 
dark to transmitted light and did not provide a readable section. The two sa mples 
identified as member s of Embioto ca sp. produced readable sections , but deter­
mination of margin type was hindered by a darkening of the margin to tran smi tted 
light. One sample was aged at about 5 years and the margin type forming at the 
time of capture may have been opaque. If this is correct, the seaso n-of-capture 
may have been mid-st11nmer to winter (Gnose 1967). The other samp le had an 
estimated age of 12 years (15 years using reflected light). Thi s sam ple also h.ad 
a darkened margi11 which interfered with season-of-captu1·e estimation. Thi s age 
estimate was greater than the maximum age of seven years reported for each 
Embiotoca species (E. jacksoni and E. laterali s; Baltz 1984). Thi s disc1·epancy 
could be explained by a change or variation in longevity (Boehlert and Kappen­
man 1980; Craig 1985) , misidentification of the otolith, 01· the existence of older 
individuals at the time of capture because of lower fishing pressure (Craig 1985). 
Th'e margin type appears to be opaque using reflected light; therefore , the season­
of-capture may be mid-st1mmer to winter. It must be noted, however, that this 
determination was inferred from an age and growth study that used scales, 11ot 
otoliths (Gnose 1967). 

Because of the p1·oblems observed in this study with determining margin type, 
it is likely that some a1·chaeological season-of-capture estimates from otolith mar­
gin type have been erroneous. Clearing or darkening of the otolith matrix can be 
explained by processe s that occurred when the fish was utilized a11d during the 
long period of burial at the archaeological site. Altered otoliths are typically elim­
inated from consideration , but no study has ever documented this problem. If 
altered otoliths are missed and considered furthe1·, a cleared otolith margin could 
lead to the determination that the otolith has a translucent margin and was cap­
tured in the respective season for that species or family. Hence, lo ss of growth 
zone information from a change in the otolith matrix over time may preclude an 
accurate season-of-captu1·e determination. 
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To help define the difficulty of determining season-of-capture, transverse otolith 
sections from spotted san d ba ss taken seaso nally from the Gulf of California were 
studied for edge type. Note that trus was an opportunistic addition to thi s study 
and that the geographical location of this specie s was not an i ssue. The motive 
was to demostrate the difficulty of season-of-cap ture determination in a best case 
scenario. Based on the otolith edge a11alysis, the opaque growth zone was narrow 
and formed during the summer months (Andrews, unpublished data). The trans­
lucent g1·owth zone was broad and formed dt1ring the remainder of the year (Fall 
to Spri11g). These results were consiste nt with results for spotted sand ba ss from 
southern California waters (Allen et al. 1995). 

Spotted sand bass otoliths were easily aged and estimated age 1·anged from 1 
to 6 years, most being 2 to 3 years. Summer growth was easiest to identify becau se 
of the thin opaque margin. The season-of-capture was correctly identified in 9 
out of 10 summer fish sections. Determini11g seaso n-of-capture for fish witl1 a 
translucent margin was much more difficult. Fall fish were correctly identified in 
only 2 ot1t of 10 otolith sections, and the remainder were not correct (60% Winter 
and 20o/o Sp1·ing). No winter fish were identified correctly (30% Spring , 20 o/o 
Summer and 50% Fall). Spring fish were second n1ost identifiable because the 
translucent margin was thick 1·elati ve to previous years growth ( 40% identified 
cor1·ectly). Two out of 10 were -identified as summer fish because the margin type 
was opaque . Thi s can be explained by the rest1lts given by Allen et al. (1995) for 
spotted sand bass of sot1thern California where April was the beginning of the 
period for some fish to start forming an opaque margin. In addition, the specimens 
from the Gulf of California always had some fish forming an opaque margin in 
all seaso ns (Andrews, unpublished data). Overall, 15% were placed in a season 
6 months from the actual season of capture and 37.5% (15 out of 40) were 
identified correctly. Hence, season-of-capture can often be inaccurate even in a 
best case sce nario where seasonal growth patterns are known. 

Based on the findings of this stt1dy it seems that seaso n-of-capture determina­
tion ·from otolith sect ion s can be probl emat ic under any circumstances. For ar­
chaeological otoliths the determination of species can be critical, especially with 
marine fishes where seasona l growth patterns can be offset by a full 6 months. 
Even when an otolith can be identified to species , evaluation of its season of 
capt ure is further comp licat ed by the inherent variability in otolith growth zone 
formation. In m.any cases an opaque growth zone can form at any time, but is 
more or less probable during ce1·tain times of the yea1·. An examination of any 
otolith edge study 1·eveals that there is always some percentage of i.ndividuals that 
deviate from the margin type expected; annual growth zone formation is a trend 
based on a majo1·ity. 

To further complicate matters, environmental factors can change the otolith 
matrix of archaeological otoliths (Figures 1). The clearing or darkening of the 
otolith 1uatrix observed here make season-of-capt ure dete1·mination ve1·y subjec­
tive, if not impossible, because the growth zone information was altered or lost. 
These changes to the otolith ma1·gin could lead to a false determinatio11 of margin 
type and, as a conseqt1ence, a11 incorrect seaso n-of-ca ptur·e determination. 

Conclusions 

Ba sed on findings in this study, seaso n-of-capt u1·e deter1uinatio11 from otolith s 
of both 111odern and arc haeo logica l otoliths reqt1ire s an adherence to specific pro-

' 



RELIABILITY OF SEASON DETERMINATION FROM OTOLITHS 75 

tocol that utilizes a validated set of otoliths from the species, or perhaps family, 
in question. Ten genera have been recovered t·rom middens of· central California, 
of which, embiotocids are common nea1·shore species commonly found in mid­
dens (Gobalet and Jone s 1995). In our study, the 1nodern embiotocid otoliths were 
correctly identified to season. The combination of availability of embiotocids in 
the archaeological record , abundance nea1·shore, and the pot e11tial accuracy of 
season-of-capture determination makes them a strong candidate for future sea­
sonality work; however, the high degree of subjectivity in all determination s of 
season-of-capture from otolith margin analyses because of the inherent va1·iability 
of growth zone formation and alte1·ation of the otolith matrix beg s caution when 
interpreting the results. Thi s study has called into qt1estion the validity of protocol s 
that do not utilize age validated otolith collections. 

The need to validate any age dete1·mination procedures has been stresse d by 
numerous authors (Lagler 1 969; Chilton and Beamish 1982 ; Beami sh and Mc­
Farlane 1983; Baltz 1990; Bt1sacker et al. 1990). Validation is having comparative 
sectioned otoliths from the species in question from the same locality with known 
dates of death for comparison. Chilto11 and Beamish (1982) stipt1late that vali­
dation procedures should be applied to all age classes in a population of a species 
and to diffe1·ent populations of the same species. The procedure s used for young 
members of a species may not apply to old members of the same species a11d 
each species must be independently validated. Seasonality determinations using 
otoliths should be no different. 

Higham and Horn (2000) published the n1ost thorough seasonality stttdy based 
on otoliths recove1·ed from an archaeological site to date. Their validation samples 
consisted of over 500 sectioned otoliths of red cod from the waters near the 
midden in New Zealand. The date of fish death of each individt1al fish was known 
for all comparative otoliths. The same rigor needs to be applied to other stt1dies 
of seasonality based on growth in skeletal parts. This is daunting considering the 
nt1mber of possible species that may be comn1only encounte1·ed and the nt1mber 
of locations where archaeological investigations are undertaken. In coastal central 
California the number of species recovered from middens exceeds 80 (Gobalet 
and Jones 1995). In addition, there needs to be furtl1er consideration to possible 
changes in the fish assemblage, fishing techniques, and fishing pressure during 
site occupation. Developing comparative otolith collections for particularly com­
mon species wot1ld be a starting point and the results for embiotocids in this study 
p1·ovide some grounds for optimism . in future studies ot· archaeological sites in 
coastal California. 
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