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Ancient DNA identification of salmon remains from the site ofNamu on the central coast of British Columbia shows use of 
a variety of species and an emphasis on pink salmon over the course of the past 7,000 years. These results support argu- 
ments that Namu was a permanent village settlement dependent on a salmon storage economy throughout this time. This 
pattern of subsistence and settlement predates by several millennia the first substantial evidence for population expansion 
or social differentiation in the region. Periodic salmon shortages in the period after 2000 cal B.C., which are associated 
with local and regional disruptions in settlement and increased reliance on more marginal resources, appear to be the result 
of failures in the pink salmon fishery. 

La identificacion del ADN antiguo en remanentes de salmon obtenidos en el sitio Namu en la costa central de la Columbia 
Britdnica, constituye evidencia de la utilizacion de una variedad de especies, con preferencia por el salmon rosado, a traves 
de los ultimos 7000 anos. Dichos resultados vendrian a apoyar la hipotesis de que Namu seria un asentamiento permanente, 
que dependeria economicamente del almacenamiento de salmon. Este patron de subsistencia y de asentamiento vendria a ser 
mas temprano, por varios milenios, que la importante primera evidencia de una expansion poblacional o de una diferenciacion 
social en esta region. La escasez periodica del salmon en el periodo posterior al 2000 cal B.C., asociada con trastornos en 
los asentamientos locales y regionales y con un incremento de la dependencia sobre recursos mas marginales, vendrian a ser 
producto delfracaso en la pesca del salmon rosado. 

debate when sedentary set- 

Archaeologists 
tlement and a fully developed salmon- 
storage economy first appear on the Pacific 

Northwest Coast (Ames 2003:24). They also debate 
their relative importance in long-term cultural 
developments in the region (Matson 1992:422; 
Moss and Erlandson 1995:34). Resolution of these 
debates may eventually come from more extensive 
site survey and excavation, but progress toward 
their resolution can also come from new evidence 
derived from existing site collections. We present 
a new line of evidence based on ancient DNA analy- 
sis of salmon remains from the site of Namu, 
located in the traditional territory of the Heiltsuk 
Nation on the central coast of British Columbia 
(Figure 1 ). The results give new insight into the pre- 
cise species composition of the fishery and lend 

weight to arguments that Namu was from as early 
as 5000 cal B.C. a permanent village settlement sus- 
tained by a salmon-storage economy. 

Although storage and sedentism are no longer 
thought to be either sufficient or strictly necessary 
for the emergence of "complex" hunter-gatherers 
(Moss and Erlandson 1995:34), they are among a 
constellation of conditions widely linked to popu- 
lation growth, surplus production, and the devel- 
opment of social inequality (Arnold 1996; 
Rowley-Conwy 2001 :44). Pacific Northwest Coast 
archaeologists generally recognize the mass har- 
vest and storage of seasonally available resources, 
particularly salmon, as an essential basis for the 
ethnographic pattern of dense regional population, 
large permanent settlements, rich ceremonial tra- 
ditions, highly developed material arts, and com- 
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Figure 1. Location of Namu on the central coast of British Columbia. 

plex social ranking (Matson 1992). Since seden- 
tary settlement and the production and control of 
subsistence surplus are widely viewed as having 
enabled or directly caused the emergence of greater 
social and cultural complexity (Ames 1994; 
Maschner and Patton 1996: 101 ; Matson 1992:422), 
material evidence of these developments has 
assumed a prominent place in archaeological 
research and debate. 

Very early evidence of storage and sedentism 
could undermine posited relationships with increas- 
ing population density and greater social inequal- 
ity, but indirect archaeological indicators always 
retain enough ambiguity to sustain established 
views in the face of potentially contradictory obser- 
vations. Storage, for example, is acknowledged as 

having been based on relatively simple technology 
and therefore likely to have been present in some 
form from the earliest occupation of the region 
(Ames 1994:217; Ames and Maschner 1999:127). 
The mass harvest and storage of salmon is consid- 
ered a much later development involving changes 
in the organization of production and more seden- 
tary settlement. It is thought to be the basis for pop- 
ulation increase and the emergence of increasing 
social differentiation (Croes and Hackenberger 
1988), though population growth is also considered 
a likely reason for the development of a storage- 
based economy (Ames and Maschner 1999:252- 
253). The generally weak and equivocal evidence 
used to support arguments for and against storage 
is the major basis for contention. Large quantities 
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of salmon remains, the relative representation of 
cranial elements versus vertebrae, mass capture 
technology, and storage structures have all been 
cited and debated as evidence for large-scale 
salmon storage. 

One relatively simple indicator of storage is the 
presence of the remains of one particular resource 
in such abundance that their accumulation as the 
result of fresh consumption would seem unlikely. 
An abundance of salmon relative to other resources 
might suggest their consumption as dried stores 
since salmon are available for a limited period con- 
sisting of only weeks or months. Ames (1998:82) 
has suggested that such abundance could also be 

explained as the result of large-scale population 
aggregations coming together for short periods of 
time to consume fish fresh rather than as processed 
stores. 

Salmon remains resulting from processing and 
storage have been differentiated from those con- 
sumed fresh on the basis of the relative proportions 
of cranial elements and vertebrae (Calvert 1970; 
Coupland 1998:43; Matson 1992). Controlled 
observations of processing and storage practices in 
more recent historic contexts support the proposi- 
tion that village sites subsisting on stores of dried 
salmon can exhibit a preponderance of vertebrae 
while camps used for processing or where the con- 

sumption of fresh fish took place yield greater num- 
bers of cranial elements (Hoffman et al. 2000). A 
wide range of other taphonomic and processing 
variables could also potentially produce assem- 

blages varying in the relative representation of cra- 
nial elements (Ames 1994:217; Cannon 2001; 
Coupland 1998:5 1-52). There are also too few sites 
from controlled temporal contexts that exhibit clear 

patterns of element representation for this to be the 

deciding criterion for the development of large- 
scale storage on the Northwest Coast. Although 
widely cited, this variable alone is at best an 

ambiguous indicator of storage. 
Additional support for intensive salmon fishing 

and storage comes from studies of weirs and fish 

traps built to facilitate mass harvest. Again, the rea- 

soning is that such facilities would yield harvests 
in excess of what could be consumed as fresh fish, 
therefore implying their purpose was to enable the 
harvest of sufficient fish for winter storage. The rel- 

atively recent date of most fish weirs (Moss et al. 
1990; Moss and Erlandson 1998) has led some to 

infer that intensive fishing for storage was also a 
relatively recent development (Ames 1994:217; 
Matson 1992:386, 2003:7). Early examples offish 
weirs also indicate long-term use of this technol- 
ogy (Eldridge and Acheson 1992), but early pop- 
ulations probably made use of a variety of harvest 
techniques. Although common construction of 
weirs and fish traps may be a later development 
indicating intensification of fishing on local and 
regional scales, these constructions were not 
required for local populations to base their winter 
subsistence on stored salmon. 

The absence of storage features in early archae- 
ological contexts has also been cited as evidence 
against an early dependence on salmon storage 
(Ames and Maschner 1999: 138). The ethnographic 
cultures of the Northwest Coast depended on boxes, 
baskets, and the corners and rafters of plank houses 
as storage facilities (Suttles 1968:63-64). Baskets 
and boxes are unlikely to be preserved in most early 
contexts, and they leave little other archaeological 
trace. The Northwest Coast cedar plank house has 
been described as a large storage facility (Ames 
1996). The identification of large-scale storage has 
therefore focused on evidence for the advent of 
permanent residential structures (Ames 1994: 
217-219). Unfortunately, early evidence for houses 
is very difficult to discern in the limited area 
expanse of most excavations into deep and com- 
plexly stratified shell midden deposits. Even when 
posited on the basis of floor and support post fea- 
tures uncovered through excavations of greater area 
extent (e.g., Ham et al. 1 986), early evidence of per- 
manent housing has been considered unconvinc- 
ing (Ames and Maschner 1999:262; Matson 
1992:382). The more unequivocal evidence for 

large, rectangular residential housing, of the form 
that would allow for large-scale storage, generally 
comes in the form of surface features consisting of 
structural outlines. The focus on surface features 
tends to support a later date for the development of 

permanent housing. 
Arguments against an early storage-based sub- 

sistence economy presuppose an earlier, more 
mobile pattern of shifting residence to take advan- 
tage of seasonally available resources. The diffi- 

culty in applying this model to the Northwest Coast 
is that relatively few substantial resources are avail- 
able in the winter months in this temperate region. 
It is possible to fish for some minor species, such 
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as rockfish, year round. Shellfish are also avail- 
able, though there is no early evidence to suggest 
they were sufficient basis for winter subsistence. 
Some game, such as deer and sea mammals, is also 
available, but a subsistence economy reliant on 
these types of typically singular and intermittently 
available resources would likely be precarious. The 
absence of large-scale, easily harvested, and reli- 
able food resources throughout the winter could in 
itself argue for an emphasis on the mass harvest 
and storage of salmon, but the absence of early 
positive evidence for what is presumed to be such 
a pivotal development has been enough to under- 
mine any argument based solely on seasonal 
resource availability. 

The lack of substantial evidence from early 
archaeological contexts and the equivocal nature 
of all material indicators of storage from whatever 
context have left the timing of large-scale salmon 
storage open to question and debate. The consen- 
sus has been that intensive fishing and storage were 
relatively late developments. One researcher (Mat- 
son 1992:423) has gone so far as to say "we appear 
to be on the verge of being able to say with cer- 
tainty that the Northwest Coast salmon-storage 
economy came into being during the 3500-3000 
B.P. period." 

The issue of when permanent sedentary or semi- 
sedentary winter village settlement emerged on the 
coast has been even more difficult to resolve. Part 
of the problem is a matter of definition, but even if 
permanent winter village settlement of the type 
described ethnographically, which also incorpo- 
rates a substantial degree of seasonal mobility on 
the part of individuals and groups, is taken as the 
standard, unequivocal archaeological evidence for 
its development can be difficult to discern. Demon- 
stration of permanent multiseasonal or winter vil- 
lage settlement has typically depended on the 
evidence of substantial residential structures or sea- 
sonally specific faunal indicators. The problem with 
discerning early evidence of substantial structures 
has already been described. The same issues noted 
for storage also apply to the question of village set- 
tlement. Given reliance on surface features to define 
substantial structures, the advent of village settle- 
ment on the coast tends to be placed relatively late 
(Ames 1994:218-219; Matson and Coupland 
1995:187). 

The problems with making seasonal determi- 

nations on the basis of faunal indicators have been 
widely discussed (Monks 1981 : 180-185). The sea- 
sonal availability of most faunal species cover such 
wide and often overlapping ranges that they pro- 
vide little precise indication of when people inhab- 
ited any given site. Seasonally available fauna show 
minimally when people were present, but they can- 
not demonstrate continuous presence over any spe- 
cific length of time. Growth increment analysis of 
shell has also proved unreliable (Maxwell 2003). 
The advent of permanent village settlement is there- 
fore tied to the unequivocal evidence of large sub- 
stantial residential structures, which are only clearly 
evident in the terminal occupations of village sites. 
These are generally recent at most locations. 

Cannon ( 1 99 1 , 1 998) has long argued on the basis 
of faunal remains that Namu was occupied year 
round by some portion of its resident population and 
was dependent on a storage-based economy focused 
on the mass harvest of salmon. He has also argued 
that that pattern remained fundamentally unchanged 
from the date of the earliest preserved faunal remains 
ca. 5000 cal B.C. The argument is based foremost 
on the large quantities of salmon among the fish 
remains other than herring. Salmon make up 89 per- 
cent of all identified fish other than herring in the 
earliest period for which faunal remains are avail- 
able (Cannon 1991:18). Based on the analysis of 
auger samples, herring was even more abundant in 
this and all subsequent periods (Cannon 2000a). 
Although a variety of fish, shellfish, mammal, and 
bird species were harvested, it is clear that salmon 
and herring were the main foci of the subsistence 
economy throughout the last 7,000 years. Some 
archaeologists accept that the large quantity of 
salmon at the site is evidence of storage (Coupland 
1998:44). Others, while not dismissing the possi- 
bility, have suggested alternative explanations, such 
as large seasonal fishing aggregations (Ames 
1998:88). The somewhat weaker argument based on 
cranial element versus vertebra representation has 
not been addressed explicitly, but the Namu salmon 
consist overwhelmingly of vertebrae in all periods 
(Cannon 1991:18). 

The argument for a permanent multiseasonal 
occupation of the Namu site is based on the con- 
sistent presence of seasonally specific resources, 
including neonatal harbor seal remains, indicative 
of presence at around the mid- June peak in the pup- 
ping season; salmon, which are available in sum- 
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mer/early autumn; and herring, which are available 
in late winter/early spring when they come near 
shore to spawn. Similar faunal evidence is cited by 
Ames and Maschner (1999:139) as indicative of 
year-round occupation of the Boardwalk site in 
Prince Rupert harbor by 2100 B.C., but they note 
on the same page: "There is also no direct evidence 
of storage at Namu, except for the large numbers 
of salmon. It seems perfectly feasible that mobile 
hunters and gatherers would gather at Namu for a 
fall fish run, perhaps even erecting structures, dis- 
persing to other available food sources, and return- 
ing in the spring." 

Multiseasonal fauna, specifically salmon and 
herring, have been cited at other locations on the 
coast as indicative of seasonal mobility typical of 
Binford's forager mode (Coupland 1998:41), but 
there are no obvious resources available between 
the times of the salmon and herring fisheries that 
would warrant movement away from the Namu 
site. The three clear seasonal indicators imply some 
residence at the site throughout much of the year. 
If winter subsistence was also supported by reliance 
on stores of dried or smoked salmon, then clearly 
Namu was a major winter village, typical of those 
described ethnographically, from the date of the ear- 
liest faunal remains ca. 5000 cal B.C. 

It is nonetheless possible to argue reasonably, 
as Ames has done, that the early abundance of 
salmon could be the product of limited seasonal 

aggregation for a particular fishery. The site might 
then be abandoned until reoccupied by a similar 

aggregation for the herring fishery. A large num- 
ber of people from a wide area congregating at one 
location for a limited time certainly could produce 
and immediately consume a large number of fish. 

Although it is not clear why Namu would be the 
focus for such a congregation, the reasons could be 
the same as those that might be offered to explain 
use of the site as a village location. 

Based on the presence and abundance of mor- 

phologically identified fauna, there is not much 
likelihood of resolving the debate, especially not 
in the face of persistent views that sedentism, stor- 

age, population growth, and cultural complexity are 

mutually linked and relatively late developments. 
In the absence of unambiguous evidence of struc- 
tural remains, it is unlikely that any amount of exca- 
vation would resolve this issue. Fortunately the 

development and refinement of new ancient DNA 

(aDNA) analytical techniques has proved capable 
of providing a new level of precision in the faunal 
data that goes some way toward bolstering the argu- 
ment for early sedentism and storage. It also refines 
our knowledge and understanding of later disrup- 
tion in the fishery, an event that Cannon (2002) has 
cited as a potentially critical juncture in the settle- 
ment history of the site and the surrounding region. 

Ancient DNA Analysis of the Namu Salmon 

The results of extensive aDNA analysis of salmon 
remains show a clear pattern and long-term con- 
sistency in the nature of the fishery. The identifi- 
cation of species from individual vertebrae 
followed techniques developed and refined by Yang 
et al. (2004). The analysis began at the McMaster 
University Palaeogenetics Institute with the initial 
experimental development of the protocols for con- 
sistent aDNA extraction and species identification, 
but was carried out largely at the Simon Fraser Uni- 
versity Ancient DNA Laboratory. The project 
developed over several years between 2000 and 
2004. Sampling proceeded in stages, initially to 
select a few vertebrae for testing, followed by 
expansion of the sample to encompass a range of 
time periods and vertebra sizes, and then more 
extensive sampling to produce comparable-size 
samples from the major time periods identified 
within the last 7,000 years of the site's occupation. 
Sampling, which is discussed in more detail below, 
involved a combination of random and size depen- 
dent selection from contexts chosen to cover evenly 
the broadest available temporal span. The results 
presented here are based on successful extraction 
and species identification of aDNA sequences from 
116 individual vertebrae selected by Cannon from 
28 excavation contexts across seven horizontally 
defined excavation units and two auger sampling 
locations. 

Results 

The results presented in Table 1 are summarized 
by major time periods defined on the basis of strati- 
graphic divisions, artifact content, and extensive 
radiocarbon dating (Carlson 1991, 1996). Overall, 
there is a clear emphasis on pink salmon, followed 
by sockeye and chum. Coho is also consistently pre- 
sent in smaller numbers, and one vertebra deliber- 
ately selected for analysis because of its unusually 
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Table 1. Number and Percentage of aDNA Identified Salmon Species by Time Period. 

Pink Chum Sockeye Coho Chinook Totals 
Period 
			 n 
			 % 
			 ri 
			 % n 
			 % n % n 
			 % 
			 n 
			 % 

P6 (AD 1 - Contact) 11 42.3 5 19.2 7 26.9 2 7.7 1 3.8 26 100 
P5 (2000 BC- ADI) 5 16.1 11 35.5 15 48.4 0 0.0 0 0.0 31 100 
P4 (3000 - 2000 BC) 9 45.0 6 30.0 4 20.0 1 5.0 0 0.0 20 100 
P3 (4000 - 3000 BC) 13 76.5 2 11.8 2 11.8 0 0.0 0 0.0 17 100 
P2 (5000 - 4000 BC) 11 50.0 5 22.7 4 18.2 2 9.1 0 0.0 22 100 
Site Total 
			 49 42.2 29 25.0 32 27.6 5 4.3 1 0.9 116 100 

large size was identified as chinook. Therefore, all 
five major anadromous species of Pacific salmon 
are present at the site, though the emphasis is clearly 
on pink, which make up 42.2 percent of the iden- 
tified salmon. 

The morphology of salmon vertebrae does not 
allow their identification to species. An earlier 
attempt to infer the likely composition of the Namu 
salmon fishery based on radiographic analysis of 
incremental growth lines in vertebrae (Cannon 
1988, 1998) had suggested an emphasis on chum, 
but had erroneously excluded sockeye from con- 
sideration based on the published observation that 
major runs of sockeye are restricted to large river 
systems such as the Fraser and Skeena. In fact, the 
Namu River has always supported runs of sockeye 
salmon, as do many of the other small rivers in the 
area. Failure to recognize the importance of the pink 
salmon fishery was due to the large number of ver- 
tebrae exhibiting what appeared to be two winter 
growth lines. Pink salmon almost invariably spawn 
in their second year. A comparative specimen of 
pink salmon and many of the archaeological spec- 
imens identified through aDNA as pink salmon 
show two growth increments. If these represented 
winter growth, as inferred in the radiographic analy- 
sis, they would indicate three-year-old fish. Studies 
have shown, however, that scales of pink salmon 
often exhibit a supplementary check line that can 
be confused with a winter annulus (Bilton and 
Ricker 1965). Since the aDNA results are unequiv- 
ocal in their identification of pink salmon, we must 
conclude that a proportion of these fish exhibit two 
radiographically visible increments in their verte- 
brae. This observation makes the already ambigu- 
ous results of the radiographic analysis even less 
useful for the purpose of species identification. 

Species identifications are supported by con- 
sistent results obtained from multiple DNA 
sequences. The majority (87.1 percent) of the 1 16 

positively identified samples was identified con- 

sistently from at least two different mitochondrial 

fragments, from the cytochrome b gene and the D- 

loop region respectively (Yang et al. 2004). Fifteen 
vertebrae were successfully identified from only 
one DNA fragment, which could be attributed to 

poor DNA preservation, since in most cases these 
results were from a shorter fragment (Yang et al. 
2004). The overall high DNA extraction success 
rate of 95.1 percent for all the samples examined 
(122 in total) confirms that the Pacific Northwest 

region of North America provides very favorable 
conditions for DNA preservation in ancient faunal 
remains (see also Speller et al. 2005). 

Contamination between samples and between 
ancient and modern DNA was prevented through 
use of the strictest possible contamination preven- 
tion protocols (Yang et al. 2004). Following pub- 
lication of the initial results of DNA extraction 
from archaeological samples of salmon bone (Yang 
et al. 2004), the efficiency of aDNA extraction was 
optimized to such a degree that an adequate amount 
of DNA could be obtained from just one half of a 

single vertebra. This enabled repetition of the analy- 
sis, and a further check on the accuracy of the 
results. We applied this test to approximately 10 
percent of the positively identified samples, and 
identical DNA sequences were reproduced in all 
cases. Analysis also followed a blind test system in 
which the DNA analyst (Yang) was unaware of the 
provenance of the samples as they were submitted 
for analysis. This prevented any possibility of 
unconscious bias based on expectations of partic- 
ular patterns in the results. 

The remaining issue is whether the samples 
selected for analysis are representative of the fish- 
ery as represented by the overall assemblage. 
Although 116 samples is very large by the standards 
of most aDNA studies, it is still a very small num- 
ber relative to the more than 200,000 salmon ver- 
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Figure 2. Namu site and the location of excavation units that yielded salmon vertebrae identified through aDNA analy- 
sis (see Table 2). 

tebrae recovered in the last three seasons of exca- 
vation at the site. The possibility that vertebrae in 
some cases represent multiple elements from the 
same fish must also be addressed. For these rea- 
sons we provide extensive discussion of sampling 
procedures to support our contention that the results 
presented in Table 1 accurately represent the nature 
of the salmon fishery over the course of seven mil- 
lennia. 

Sampling 
A map of the Namu site (Figure 2) shows the loca- 

tion of units excavated over the course of six sea- 
sons, first in 1968-1970 by the University of Col- 
orado, under the direction of James J. Hester 
(Hester and Nelson 1978), and then in 1977-1978, 
and in 1994 by Simon Fraser University, under the 
direction ofRoy L.Carlson (1979, 1991, 1996). The 
map also shows the location of auger samples col- 
lected by Cannon in 1994 (Cannon 2000a). Sam- 
ples selected for aDNA analysis were obtained 
from one of the units excavated in the Rivermouth 
Trench in 1994, four units from the Central Main 
Trench excavated in 1977, a unit from each of the 
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Front and Rear Trenches excavated in 1970, and 
two of the auger sampling locations in the vicinity 
of the Front Trench. This range of excavation units 
allowed us to obtain comparable-size samples from 
securely dated contexts representing the full span 
of the last 7,000 years. 

Table 2 lists the specific sampled contexts, along 
with associated radiocarbon dates, the number of 
recovered vertebrae from which the sample was 
drawn, the mode of sample selection, and the results 
of aDNA analysis. Given the large number of ver- 
tebrae recovered from most contexts and the wide 
range of contexts from which samples were drawn, 
we do not expect that the possibility of drawing 
multiple samples from the same individual fish 
would have had a marked biasing effect on our 
results. The mode of sample selection, involving a 
combination of deliberate selection for particular 
size or size range and random sampling does poten- 
tially influence our results and for that reason 
requires further discussion. 

Our sampling strategy developed over the years 
as the project and its goals developed. Our initial 
concern was to determine whether aDNA 
sequences of sufficient length for species identifi- 
cation were preserved within archaeological sam- 
ples of vertebrae. Accordingly, we selected a 
sample of the larger and most recent vertebrae then 
available at McMaster University. These were 
among fauna from the upper levels of the units 
excavated by Simon Fraser University in 1994. We 
presumed that the best chance for aDNA preser- 
vation was in more recent samples and further rea- 
soned that extraction of sufficient aDNA was more 
likely with larger vertebrae. Based on our initial 
success we expanded our sampling to include older 
specimens and a wider range of sizes. At this stage 
we began to draw samples from a random split of 
the vertebrae recovered from each context. The ver- 
tebra assemblages were divided with a soil sample 
splitter to yield a number close or equal to the sam- 
ple size we were looking to examine. We chose to 
look at a range of vertebra sizes within the split sam- 
ples in order to maximize the potential range of 
species represented. Our goal was to determine the 
species range of the fishery. With our success in 
identifying a variety of species from deposits con- 
taining the earliest preserved faunal remains we set 
about to obtain more representative samples from 
the widest range of temporal contexts. The expense 

of aDNA analysis precluded our examination of 

samples of sufficient size to be statistically repre- 
sentative. Instead, we opted for randomly selected 

samples of small size from a greater range of spa- 
tial and temporal contexts. 

In the end, our samples are potentially unrepre- 
sentative due to the small number of vertebrae 
selected from any given context and because in 
some cases we deliberately selected samples rep- 
resenting the widest range of vertebra sizes. The 
nonrandom selection of some samples may not be 
a significant biasing factor. The figures in Table 3 
show that the overall results for the randomly and 

nonrandomly selected samples are similar. The 
decision to select for a range of vertebra sizes in 
some cases did result in an exaggerated represen- 
tation of the largest and smallest vertebrae, but, as 
discussed below, this likely did not greatly skew 
the species representation. 

We believe the consistency of species repre- 
sentation between individual contexts is the 
strongest indicator that our results are generally 
representative. Even samples consisting of as few 
as four vertebrae consistently show an emphasis on 

pink salmon. There are no grossly anomalous 
results for any context. Our observation of an anom- 
alous lack of pink salmon in deposits dating to 
Period 5 (2000 cal B.C.-cal A.D. 1) was also con- 
sistent for multiple contexts dating to that period 
and to the early part of Period 6 (cal A.D. 1-Euro- 
pean Contact). Initially we thought this result might 
be due to our early emphasis on larger vertebrae 
from the first context we sampled (Unit 66-68S, 4- 
6W; 70-80 cm DBS), which dated to this time 
period. To compensate and to determine whether 
the low number of pink salmon was simply a sam- 
pling effect, we resampled from the same context 
with a deliberate emphasis on smaller vertebrae 
within the split sample. The results yielded a dis- 
proportionate number of sockeye, along with a few 
pink, but they verified that the low number of pink 
salmon was not a function of initially selecting 
larger vertebrae from this particular context. 

The range of directly or indirectly associated 
radiocarbon dates shows that the identified samples 
cover a wide range of securely dated contexts. We 
think this lends further credence to our interpreta- 
tion that the results are representative of the span 
of the last 7,000 years of site occupation. The con- 
sistency of our results across this range of dated 
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Table 3. Comparison of Salmon Species Identifications Based on Randomly and Non-Randomly Selected Vertebrae. 

Pink Chum Sockeye Coho Chinook 
Period 
			 ran 
			 non 
			 ran non 
			 ran 
			 non 
			 ran 
			 non 
			 ran non 

P6 (AD 1 - Contact) 74325 22 0 01 

P5(2000BC-AD 1) 23292 13 0 0 00 
P4 (3000 - 2000 BC) 54423 10 1 00 
P3 (4000 - 3000 BC) 76021 10 0 00 
P2 (5000 - 4000 BC) 65322 21 1 00 
Site total 27 22 12 17 13 19 3 2 0 1 

Percentage 
			 49.1 36.1 21.8 27.9 23.6 31.1 5.5 3.3 0.0 1.6 

contexts suggests they are not the product of a small 
number of unrepresentative deposition events. 
Although we acknowledge that our sampling strat- 
egy is far from ideal, we feel we have followed 
every available means for ensuring the samples are 
unbiased without incurring the impractical expense 
of time and money needed to analyze truly repre- 
sentative samples of vertebrae from all available 
contexts. 

We must also acknowledge that archaeologi- 
cally recovered vertebrae may be biased from the 
outset as the result of differential processing and 
deposition of species. Unfortunately little can be 
done to control for such unknown factors. The pres- 
ence of remains from all available species suggests 
that processing and deposition factors were prob- 
ably not a significant source of bias. One possibil- 
ity that might contribute to biased representation, 
especially the emphasis on pink salmon, is that 
recovered vertebrae represent discarded stores that 
had either spoiled or were in excess of winter needs 
and therefore thrown out when fresh food became 
available in the spring. This possibility cannot be 
assessed based on the available evidence, and might 
not be evident in any case, but it would provide fur- 
ther support for the contention that the emphasis 
on pink salmon is due to harvest and processing for 
storage rather than for immediate consumption. 

Metric Analysis 
One further check on the representativeness of the 
sample comes from the metric data, specifically the 
width of vertebrae, which was obtained for most 
samples prior to analysis. These results show a 
slight bias toward larger and smaller vertebrae, but 
support the pattern of species representation indi- 
cated by the identifications. They also point to 
another possible way to infer species from larger 
samples without the need for an impractical scale 
of aDNA analysis. 

Following Cannon's earlier studies (1988, 
1991), which showed wide variation in the sizes 
of vertebrae and some correlation to differences 
in inferred age classes and potential species rep- 
resented, we recorded the transverse diameter of 
vertebrae before their destruction for analysis. 
The results for the aDNA identified samples are 
shown in Figure 3a. Figure 3b shows the results 
of similar measurements of statistically repre- 
sentative samples of vertebrae from all excavation 
contexts in the 3.5 m depth of deposits in unit 68- 
70S, 4-6 W of the Rivermouth trench, which was 
excavated in 1978 (Cannon 1991). Comparison 
shows the aDNA samples are very close to the size 
range and profile of the much larger combined 
number from statistically representative samples, 
with the exception, as noted, of some exaggera- 
tion in the number of very large and very small 
vertebrae. 

The exaggerated emphasis on large and small 
vertebrae probably does not greatly bias the species 
representation in our results. With the exception of 
the one chinook vertebra, which measured 18.0 
mm in diameter, all the aDNA identified vertebrae 
measuring 10.5 mm in diameter or greater were 
identified as chum. All the vertebrae measuring 8.0 
mm in diameter or less were either pink or sock- 
eye. The full range of species other than chinook 
was represented between 8.0 and 1 0.5 mm. Among 
the representative sample of vertebra measure- 
ments, 854 or 45.5 percent were <8.0 mm and 280 
or 14.9 percent were > 10.5 mm. Among the mea- 
sured aDNA analyzed samples, 51 or 47.7 percent 
were < 8.0 mm and 17 or 15.9 percent were > 10.5 
mm. Our identifications may therefore show a very 
slight exaggeration in the number of chum, pink, 
and sockeye, but given the closeness of the size 
range of the aDNA sample to that of the represen- 
tative sample, we think any bias is likely to be very 
slight and probably offset to a great degree by the 
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Figure 3. Transverse diameters of salmon vertebrae for: (a) aDNA identified samples, and (b) the combined statistically 
representative samples drawn from each vertical excavation context in Unit 68-70S, 4-6W. 

fact that there is a bias toward both larger and 
smaller specimens. 

Implications 

If, as we contend, the aDNA results are an accu- 
rate representation of the range and relative pro- 
portions of species comprising the Namu salmon 
fishery, then they minimally indicate a multispecies 
fishery with an overwhelming emphasis on pink 
salmon, a strong but lesser emphasis on sockeye 
and chum, much less focus on coho, and just the 
presence of chinook. They also show that these pat- 
terns are consistent over time, with the exception 
of an anomalous decline in the representation of 
pink salmon, beginning sometime after 2000 cal 
B.C. and possibly ending by about cal A.D. 1000. 
We think the implications of these results are also 
more far-reaching with respect to resource selec- 
tion criteria, the likelihood of sedentary settlement 
and storage throughout the past 7,000 years, and 
the cause of disruption in the fishery and local and 
regional settlement after ca. 2000 cal B.C. 

Resource Selection 

We were initially somewhat surprised by the strong 
emphasis on pink salmon. In part this was due to 
false expectations created by the problematic inter- 
pretation of radiographic analyses. We had also 
expected greater selection of species possessing 
what might reasonably be considered superior qual- 
ities. We expected an emphasis on chum because 
of their larger body size and low fat content, which 
makes them superior candidates for preservation, 

and on sockeye and coho because of their higher 
fat content, which makes them a richer source of 
food for fresh consumption. Pink salmon have very 
low fat content, which makes them well suited for 
preservation, but they are generally smaller than 
other species. 

Romanoff (1985) provides an overview of 
Pacific Northwest ethnographic information that 
describes the selection of low-fat salmon for their 
superior preservation qualities. Fish with higher fat 
content were more likely to become rancid or 
moldy if preserved. If the aim of the Namu fishery 
was primarily to acquire fish for preservation, then 
the focus on leaner pink and chum salmon would 
make most sense. The greater emphasis on pink 
rather than chum, which is most often described 
ethnographically as the species of choice for preser- 
vation, and which might be expected to be the opti- 
mal choice on the basis of size, is less easy to 
explain. It is possible that the relative proportions 
of these species was more a function of their avail- 
ability, or it could be that the smaller pink salmon 
required less processing for storage than the larger 
chum. 

A fishery focused primarily on harvest for fresh 
consumption might have selected sockeye or coho 
over pink and chum, since relative fat content is 
such an important indicator of food preference 
among hunter-fisher-gatherers worldwide (Speth 
and Spielmann 1983). The presence of pink, chum, 
and sockeye in such large relative proportions sug- 
gests either that fresh consumption and processing 
for long-term storage were both important elements 
of the fishery or that the fishery was more oppor- 
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tunistic, with nutrition and preservation qualities 
playing little if any role in species selection. 

If the deciding criterion for resource selection 
was not a combination of the richness and size of 
the individual species, but instead was their rela- 
tive abundance, then the emphasis on pink salmon 
is much more easily explained. By current counts 
pink salmon are overwhelmingly more abundant 
than other species in the central coast region (Fish- 
eries and Oceans Canada 2001). Chum is currently 
the second-most common species in the small 
streams and rivers of the central coast, followed by 
sockeye and coho in roughly equal numbers. Chi- 
nook do not generally spawn in the small streams 
in the region. Escapement records show consider- 
able variability in the numbers of different species 
between streams and over time, but based on 
regional averages the apparent emphasis on pink 
salmon might be expected on the basis of their 
greater availability. 

An opportunistic fishing strategy would require 
that people harvest whatever fish were available in 
numbers proportional to their availability. Based on 
ethnographic information from hunter-fisher- 
gatherers worldwide and from the Pacific North- 
west Coast in particular, this possibility would seem 
unlikely. We can say very little about the fishing 
methods used in any particular period. There is a 
large stone-walled fish trap at the mouth of the 
Namu River (Carlson and Dalla Bona 1996:1 10), 
but the date of its construction is unknown. It is 
likely that a variety of methods were used to har- 
vest salmon over the past 7,000 years. Most if not 
all would have provided ample opportunity to exer- 
cise species selection, as for example in the choice 
to keep or return individual fish caught within traps 
or in the timing of fishing on the river to coincide 
with the time that particular species ascended the 
river to spawn. The simplest explanation for the 
diversity of the salmon fishery is that it represents 
deliberate selection of a range of available species 
for their richness (sockeye) and preservation qual- 
ities (pink and chum). The further implication is 
that the variable focus on different species for dif- 
ferent purposes extended over the longer term of 
the fishing season, as the availability of particular 
species waxed and waned. 

Sedentism and Storage 
The seasonal timing of the Namu salmon fishery 

is difficult to define with any precision since 
depending on the fishing methods used different 

species might be available for harvest over a long 
period of time. Most species spend time in the bays 
and estuaries adjacent to spawning streams before 

they actually ascend the stream to spawn. A fish- 

ery focused on the fish gathered in the estuary could 
have access to a range of species, either during a 
relatively short period in late summer or over much 
of the summer and early autumn. A focus on the 
harvest of fish as they ascended the river to spawn 
would be restricted to much narrower time frames. 
These times would be specific for each species and 
would extend from late summer well into the 
autumn. 

Sockeye generally arrive earliest in the area of 
the central coast, schooling in the bays and estuar- 
ies of coastal streams beginning in June. They typ- 
ically ascend rivers to spawn in tributary systems 
draining into freshwater lakes by late July or early 
August (Pomeroy 1980:207). Pink and chum are 
the next to arrive in the region. The peak arrival of 
pink is around late July and early August (Aro and 
Shepard 1967:282); chum arrive slightly later in 
August (Salo 1991:237). Both species can spend 
considerable time in bays and estuary environments 
prior to spawning (Hunter 1959:844). Most also 
spawn in the lower intertidal reaches of coastal 
streams. Pink typically spawn in August and Sep- 
tember, while chum spawning takes place mainly 
in September (Aro and Shepard 1967:259, 282). 
Coho are the latest species to spawn on the central 
coast, with peak spawning taking place in October 
(Aro and Shepard 1967:289). A wide range of envi- 
ronmental variables can affect the specific timing 
of spawning runs (Heard 1991:136). Based on the 
time of arrival in bays and estuaries and the ascent 
of spawning streams, it is conceivable that all four 
species could be available in the vicinity of the 
Namu site within a relatively narrow time period 
in early August. Based on the times of peak avail- 
ability and the enhanced opportunity to harvest 
species as they ascended or gathered to ascend the 
Namu River, a fishery focused on pink, chum, and 
sockeye is more likely to have extended from July 
through September. 

If fishing was focused on the harvest of species 
from the estuary environment, it might well be pos- 
sible that the fishery was the product of a short-term 
aggregation. If the purpose of such an aggregation 
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was primarily for the harvest and consumption of 
fresh fish, then the indiscriminate harvest of large 
quantities of pink and chum salmon, along with the 
richer and therefore more desirable sockeye is more 
difficult to explain. A series of selective fisheries 
in the bay and estuary environment combined with 
selective harvest of species as they ascended the 
Namu River to spawn entails much longer resi- 
dency, from July through to October. If the purpose 
in selecting pink and chum salmon in such large 
numbers was to process them for storage, then the 

implication is that a sizeable portion of the popu- 
lation continued to reside at the site through the 
winter, up to and including the time of the peak her- 

ring fishery in March. The presence of neo-natal 
harbor seal shows that some people were also at 
the site around mid June. 

Based on the new level of precision in our 

knowledge of the Namu salmon fishery, there are 
two options to account for the available data. One 
is to propose a short-term species-indiscriminate 
fresh food fishery at the site sometime in mid-to- 
late summer, with the aggregate population then 

dispersing to other locations before returning in 
the late winter/early spring for the herring fishery. 
The other is to propose a selective fishery using dif- 
ferent methods to harvest different species at dif- 
ferent times for different purposes. This would have 
entailed harvest of richer, fatter species such as 

sockeye in the summer, largely for fresh con- 

sumption, coupled with later harvest of pink and 
chum salmon in even greater numbers for the pur- 
pose of processing and preservation to sustain a res- 
ident population through the winter. Strictly on the 
basis of seasonal availability and without informa- 
tion concerning the fishing methods used, either 

possibility is equally likely. Based on the seasonal 
and environmental circumstances involved and on 
our knowledge of hunter-fisher-gatherer decision 

making in general and that of the ethnographically 
described peoples of the Pacific Northwest Coast 
in particular, we think the latter proposition is far 
more likely. 

The results of the aDNA analysis give us new 

insight into the nature of the Namu fishery that we 
think strengthens the argument in favor of early 
storage and sedentary settlement, but seasonal indi- 
cators alone can never establish continuous pres- 
ence at a site with any certainty. Nor can the 
abundance of any one resource, even one as well 

suited to the purpose as pink salmon, indicate stor- 
age. Beyond its value in providing more precise evi- 
dence consistent with storage and sedentism, we 
think the greater weight of the aDNA evidence 
derives from the consistency of the species profile 
over the past 7,000 years. The salmon fishery is 
essentially the same in all time periods. 

If the combined weight of evidence is insuffi- 
cient to demonstrate a storage-based economy and 
permanent village settlement as early as 7,000 years 
ago, then it is also insufficient to demonstrate sim- 
ilar patterns at any time after that date. We think 
few Northwest Coast archaeologists would seri- 
ously argue that salmon storage and multiseason 
village settlement were absent anywhere on the 
coast as recently as 1,000 years ago. Given that the 
evidence looks the same for 7,000 years ago as it 
does for 6,000 years later, we see no basis for infer- 
ring anything other than this type of subsistence- 
settlement system as early as the earliest faunal 
evidence at Namu. The same pattern may extend 
even further back in time, but few sites of earlier 
date, including Namu, show any substantial evi- 
dence of subsistence or settlement. 

Disruption in the Salmon Fishery 

Analysis of faunal remains recovered in the 1977 
and 1978 excavations showed a clear decline in the 
relative abundance of salmon in the periods fol- 

lowing 2000 cal B.C. (Cannon 1991). Salmon 
remains from auger samples confirmed this pattern 
and suggested it might be even more pronounced 
(Cannon 2000a). More intensive use of a variety of 
alternative resources, some relatively marginal in 
nature, to compensate for the shortfall supports the 
interpretation of later periodic disruption in the 
salmon fishery (Cannon 1995, 2000b; Cannon et 
al. 1999; Zita 1997). The cause of the decline is 
still unknown, though Cannon ( 1 99 1 : 39) had spec- 
ulated that siltation of the productive spawning 
beds in the lower reaches of the Namu River might 
be responsible. Radiocarbon dating has shown that 

occupation in the vicinity of the Rivermouth Trench 
ended during this time, suggesting a reduction in 
the size of the settlement. Testing and dating of 
other sites in the area show nearby villages were 
established around the same time. Cannon (2002) 
has suggested that these local and regional devel- 

opments are linked to disruptions in the Namu fish- 

ery, which might have encouraged some families 
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to resettle at alternative village locations. 
With the results of the aDNA analysis we can 

now attribute that disruption and any subsequent 
local and regional effects specifically to failures in 
the pink fishery. Our results point to a decline in 
pink salmon, which is evident in all of the sampled 
contexts dating to Period 5 and in those from Period 
6 that predate cal A.D. 1000. Pink salmon is either 
absent or is less than or equal to the abundance of 
other species in all ten samples from six separate 
excavation contexts dating to between 1380 cal 
B.C. and cal A.D. 830 (Table 2). It makes up only 
17.9 percent of the 39 identified salmon vertebrae 
from these contexts. In contrast, pink is the most 
abundant species in 17 of the 23 separate samples 
from 22 excavation contexts dating to before or 
after this period. It makes up 54.5 percent of the 77 
identified vertebrae from these contexts. The fish 
remains from the Front Trench (FS 10) excavated 
by the University of Colorado in 1 970 have not pre- 
viously been reported, but our aDNA analysis 
shows apparent recovery in the pink salmon fish- 
ery after cal A.D. 1000, and a return to previous 
levels up until the time of European contact. 
Deposits dating to the past 1,000 years were not 
present in the areas excavated by Simon Fraser 
University in 1977 and 1978, but recently identi- 
fied fish remains from unit FS 10 (Table 4) show 
that the intensity of the overall salmon fishery also 
apparently recovered after cal A.D. 1000. 

At this stage we do not know the cause or causes 
of disruptions in the pink salmon fishery or the rea- 
sons for its later apparent recovery. A new approach, 
which is now feasible, will be to determine whether 
there was a dramatic change in the genetic profile 
of the pink salmon population before and after the 
period of disruption. A clear change will indicate 
a catastrophic pattern of population extinction and 
recolonization. In contrast, a strong indication of 
genetic continuity in the local population would 
suggest a lesser degree of depression on pink 
salmon productivity over this period of time. 

The significance of tying disruption of the Namu 
fishery specifically to pink salmon is that it sug- 
gests an even greater potential impact on the lives 
of residents at the site, since this was likely to have 
been a storage staple that was critical for survival 
through the winter. If failure of this staple resource 
was, as is likely, also unpredictable, it might have 
been difficult if not impossible to compensate 

Table 4. Abundance of Salmon Remains by Stratum in 
Front Trench Unit FS-10. 

Associated Salmon Abundance 
Stratum 
			 14C dates 
			 NISP % of fish 

FS 10.1 945 70.8 
FS 10.2 724 74.2 
FS 10.3 NO DATA 
FS 10.4 480±80 696 92.8 
FS 10.5 487 96.4 
FS 10.6 742 96.4 
FS 10.7 1664 97.7 
FS 10.8 680±90 NO DATA 
FS 10.9 374 73.6 
FS 10.10 262 85.6 
FS 10.11 980±100, 1840±80 1652 56.5 
FS 10.12 1470±80 181 86.6 
FS 10.13 1460 81.5 
FS 10.14 262 85.8 
FS 10.15 
			 84 
			 87.5 

through increased emphasis on other species or on 
salmon obtained from other locations. The need to 
resort to more marginal foods, such as ratfish, at 
such times would have been that much greater 
(Cannon 1995). The further implication is that it is 
unlikely that periodic failure of the pink fishery 
was due to increasing siltation of the Namu River 
estuary over the long term. Since chum and pink 
salmon favor the same types of spawning ground, 
both species should have been equally affected by 
permanent environmental change. It is also less 
likely that the pink fishery would have recovered 
if this had been the cause of its decline or periodic 
failure. We cannot yet explain the disruption in the 
pink fishery, but whatever the cause, our aDNA 
identifications suggest we can at least narrow it to 
factors specifically related to this one species. 

Discussion 

The influence of preconceptions and prevailing 
frameworks on archaeological interpretation is well 
documented (Trigger 1989). We cannot say for cer- 
tain that reluctance to accept evidence for early 
salmon storage and sedentism is due to a consen- 
sus among Northwest Coast archaeologists that 
these developments are fundamental thresholds in 
the long-term evolution of the region's cultures, 
but this would not be unprecedented. We can point 
to one example where a prevailing view affected 
the primary interpretation of faunal data and its 
subsequent use by other researchers. 
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In his original interpretation of the Namu fau- 
nal data, Cannon (1991:43) noted that "the scale of 
salmon fishing increased dramatically" between 
Period 2 (5000-4000 cal B.C.) and Period 3 
(4000-3000 cal B.C.). This interpretation was 
based on observation of an increase in the propor- 
tion of salmon among identified fish remains other 
than herring, from 89 percent in Period 2 to 98 per- 
cent in Periods 3 and 4. By any measure, a fishery 
with an 89 percent focus is still one largely depen- 
dent on salmon fishing. There was no basis for Can- 
non's exaggeration other than the influence of an 
accepted model of long-term cultural development, 
proposed by Fladmark (1975), which argued that 
early dependence on salmon coincided with 
increased productivity due to postglacial environ- 
mental stabilization at around 4000 cal B.C. 
Although this model as developed for major inland 
river systems was less applicable to small coastal 
streams and lake systems (Cannon 1996), its one- 
time widespread acceptance as a model for the 
entire Northwest Coast affected the interpretation 
of empirical observations that should have empha- 
sized much earlier dependence on salmon. Can- 
non's exaggeration and its basis have subsequently 
been reiterated by other researchers (Ames and 
Maschner 1999:137; Coupland 1998:43; Matson 
and Coupland 1995:140). 

Northwest Coast archaeologists are increasingly 
aware of greater variation in the history of culture 

change in the region, with recognition that storage, 
sedentary settlement, and social differentiation may 
not be as closely linked as once thought and may 
have developed at different times in different places 
on the coast (Ames and Maschner 1999; Matson 
2003; Matson and Coupland 1995). The likelihood 
that these were not aspects of linear evolution, but 
were rather historical developments that may have 
come and gone repeatedly through time is increas- 

ingly embraced (Ames 2003; Moss and Erlandson 
1995; Prentiss and Chatters 2003a, 2003b). Despite 
this more sophisticated view of the region's archae- 

ological history, the consensus remains that vari- 

ability in the timing of these developments is largely 
confined to the past 3,500 years. Even those 
researchers willing to accept the possibility of a 

fully developed salmon-storage economy and 

sedentary settlement at Namu as early as 5000 cal 
B.C. see it more as an exceptional case in the over- 
all history of the region (e.g., Ames 2003:24; Pren- 

tiss and Chatters 2003b:38). 
Given a consensus of opinion, it seems fair to 

demand a higher standard of evidence for anything 
that stands apart from prevailing points of view. As 
in any area of research this should be an incentive 
to improve the number and quality of lines of evi- 
dence in support of contrary opinion. We think we 
have done this. The aDNA evidence is one more 
piece in a long line of ancillary evidence that sup- 
ports Cannon's original interpretations regarding 
the early pattern and subsequent history of subsis- 
tence and settlement at Namu. We think the evi- 
dence is also sufficient to support decoupling the 
advent of permanent multiseasonal settlements and 
storage-based economies from population growth 
and greater social differentiation, as others have 
also suggested (e.g., Moss and Erlandson 1995:34). 
There is no evidence for large-scale population 
growth at Namu or anywhere on the Northwest 
Coast in the millennia immediately following 5000 
cal B.C., when salmon storage and sedentism are 
first evident. The earliest indication of significant 
population expansion in the Namu vicinity is at 
around 1000-500 cal B.C. (Cannon 2002). The evi- 
dence for social differentiation on the coast is more 
equivocal, and may be much later, depending on 
the definition used. 

Even if our view of the Namu salmon fishery 
and its implications is widely accepted, it is cur- 
rently impossible to say how widespread this pat- 
tern might have been. All current views of 
long-term cultural developments on the coast, 
whether based on traditional cultural evolutionary 
frameworks or more recent Darwinian perspec- 
tives, must rely on few data from a very few sites 

dispersed over a broad area. New consensus con- 

cerning long-term patterns and developmental 
trends may emerge over time, but these will need 
to be based on more thorough analysis and on more 
extensive multisite investigations. Namu is excep- 
tional for the length of its occupational record and 
for the detail of the evidence it has yielded, but it 
is too soon to say if it is exceptional for its early 
mode of permanent settlement and storage-based 
salmon fishing economy. 

Conclusions 

We have demonstrated a more extensive applica- 
tion of aDNA analysis of faunal remains than has 
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so far been generally attempted in archaeology. We 
think this research is also unusual among emerg- 
ing aDNA applications in its focus on the resolu- 
tion of a particular existing problem in 
archaeological knowledge and interpretation. Our 
results provide a new level of precision in our abil- 
ity to characterize an early salmon fishery on the 
Northwest Coast. They show consistent emphasis 
in the Namu fishery on pink salmon, as well as 
strong emphasis on sockeye and chum together 
with at least some harvest of coho and chinook. 

We think this new information provides further 
support of the interpretation that the site was the 
focus of permanent multiseason settlement and a 
storage economy by at least 5000 cal B.C. A fully 
developed settlement-subsistence pattern of this kind 
at this early date should alert researchers to the need 
to rethink explanatory frameworks that strongly link 
population growth and social complexity with seden- 
tism and storage-based economies. We have shown 
that aDNA insight into the composition of salmon 
fisheries and their variability over time can also help 
us to understand better the implications of resource 
fluctuations for populations dependent on storage for 
winter subsistence. 

We see great potential for gaining further under- 
standing of the diversity and temporal variability 
in salmon fisheries throughout the coast and over 
time. Insight into the key role of salmon in the 
archaeological histories of the Pacific Northwest 
Coast can be derived from much wider application 
of aDNA analysis. Much could be done with the 
vertebrate fauna collections already available in the 
storerooms of museums, universities, and archae- 
ological consulting firms. Although ancient DNA 
analysis is and will remain an expensive undertak- 
ing, on a large-scale, strategic sampling designed 
to provide data relevant to specific problems, pos- 
sibly coupled with inferences from vertebra size, 
can yield more precise knowledge and better under- 
standing of the history and implications of salmon 
fishing on the Northwest Coast. 
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