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Doing Zooarchaeology as if It Mattered:
Use of Faunal Data to Address Current
Issues in Fish Conservation Biology in
Owens Valley, California

VIRGINIA L. BUTLER AND MICHAEL G. DELACORTE

"V cologists are increasingly incorporating concepts such as "legacy" into
l::Jtheir explanations of current ecosystems (Harding et al. 1:998). This
approach acknowledges that understanding the structure and function
of extant ecosystems (or predicting future responses to climate change) re-
quires knowledge of historical forces that have been operating for decades,
centuries, or longer (Foster 2.000; Moorhead et al. 1:999). Indeed, recog-
nition of the need for such long-term historical records is demonstrated by
the level of National Science Foundation funding for the Long-Term Eco-
logical Research (LTER) network (Kaiser 2.oo1:b; LTER Network 2.001:).
Over 1:,1:00 researcqers funded by the LTER carry out research on 2..4 des-
ignated sites that have been studied; from a few years to several decades
(Kaiser 2.O01:b). These studies cover a range of topics with the overall goal
of "investigating ecological processes over long temporal and broad spa-
tial scales" (LTER Network 2.001:). This goal is precisely that of zoo-
archaeology. Yet, to our knowledge, zooarchaeological expertise and data
have not been incorporated into the LTER network. Our point is simply

I
that ecological sciences seeking to understand the long-term properties of
ecosystems have direct access to such information through zooarchaeology.

Zooarchaeology needs to tollaborate with wildlife sciences because of
the increasing speed with which habitats and biotas are being lost in the
face of human population growth and habitat destruction (Minckley and
Deacon 1:991:; Vitousek et al. 1:997). In response to legislation such as the
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Endangered Species Act of 1:973 (1:6USC1:531:-1:547, Public Law 93-2.05),
recovery plans are constantly being developed across the United States.
Drawing from recent, often limited historical records, decisions are rou-
tinely made on which taxa are native, which are exotic, which should be
targeted for recovery, and which should be disregarded. In stark temlS,
these are determinations of which organisms "belong on the ark." Given
zooarchaeology's (and paleontology's) access to faunal records dating back
hundreds and thousands of years, we can assist with these decisions. To
demonstrate this with respect to fisheries management, we here discuss
our recent work on the ancient fish fauna of Owens Valley, California.

BACKGROUND

Owens Valley is a deep, :£3o-km-long block-faulted graben in southeast-
ern California, on the western edge of the hydrographic Great Basin (Fig-
ure 2..:£). It is a narrow, roughly north-south-trending valley sandwiched
between two mountain ranges with :£4,Ooo-ft (4,2.65-m) peaks. The Sierra
Nevada Range to the west captures most of the precipitation arriving from
the west; the Inyo-White Mountains lie to the east. Whereas only :£6 cm
of rain fall on the valley floor, a significant winter snowpack in the high
Sierra provides meltwater throughout the year. Owens River heads in the
Sierra Nevada north of Owens Valley and is fed by numerous tributaries
draining the range at various points along the valley. Prior to historic
water-diversion projects, the river traveled southward about :£30 km be~
fore it emptied into Owens Lake. Historically the lake was shallow (2.-:£ 5
m), was moderately saline (5-:£5 percent salts [Smith and Bischoff :£997]),
and did not support fish populations (Gilbert :£893). The Quaternary
record of Owens Lake shows that it has undergone significant changes in
water level and chemistry over the last several hundred thousand years
(Benson et al. :£996; Benson et al. :£997; Smith and Bischoff :£997). Basi-
cally, the lake is a remnant of a vast Pleistocene lake system that once con-
nected basins extending from south of Mono Lake on the north to Death
Valley at the southern end of the chain (Hubbs ~d Miller :£948; Miller
x946; Sada and Vinyard 2.002.). I

Although minor changes to the historic aquatic system began as early
I

as the x870S, when irrigation projects began to divert Owens River water,
the aquatic system was drastically altered beginning in X9:£3 with the con-
struction of the 1.0$ Angeles Aqueduct. Reservoirs were constructed, canals
were. dug, and most significant, much of the water from Sierran streams
and the Owens River itself was siphoned off, seriously reducing the amount
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Figure 2..1. Owens Valley, California, showing locatioos of geographic
featUres and archaeological projects. Circles denote archaeological projects;squares denote towns. .

of water that reached the valley bottom (Kahrl 1982.). By the 19305 Owens
Lake had become a dry playa that accwnulates Water only in exception-
ally wet years. Sometime before 1~90 catfish (Ictaluridae), carp (Cyprinus
carpio), and salmonids were introduced to the basin (Gilbert 1893), and
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observations of native fish were in the X.940S and X.950S by University of
Michigan ichthyologists, decades after the aquatic conditions had b~en
drastically altered by Los Angeles County water-diversion projects. More-
over, a review of these StUdies reveals that most observers were working
in limited areas and over brief periods of time (Table 2..x).

The zooarchaeological record can gready expand our knowledge of
Owens Valley fish by providing a substantially longer history of fish in the
area. Recent archaeological projects in southern Owens Valley provide a
faunal record that spans much of the Holocene. Further, extensive data
on regional paleoenvironments (Benson et al. X.9.97; Smith and Bischoff
X.997; Stine X998) indicate that the aquatic system may have undergone
significant change over the last several thousand years. These data can be
used to suggest how fish have responded to these conditions and why some
species are managing better than others under modem circumstances.

METHODS AND MATERIALS

Our study is based on analysis of fish remains from two archaeological
projects in southern Owens Valley (Figure 2..r). The Alabama Gates sites
are located within 2. km of the current river channel, about 15 km north
of Owens Lake (Delacorte 1999). The Ash Creek sites are located west of
the lake, near tributary streambeds or ancient embayments of the for!fier
lakeshore (Gilreath and Holanda 2.060).

Seven sites from these projects provided fish remains, all of which were
excavated and analyzed in similar ways (Buder r999, 2.000a). In the field,
matrix was screened through 1/8-in (3.2.-mm) mesh, except for small
volumes during initial testing efforts that were screened through 1/4-in
(6.4-m.m) mesh. Bulk samples were collected in the field and wet sieved
through nested 1/8-in and r/l6-in (r.6-mm) mesh in the lab (Alabama
Gates-rs6l; Ash Creek-488 1). Except for vertebrae, which were as-
signed to Catostomidae/Cyprinidae (sucker/minnow) because of morpho-
logical similarity, most skeletal elements could be assigned to at least
taxonomic family. Maxillae and dentaries were used to identify sucker
species, and pharyngeals were used to identify cyprinid species. Specimens
were q~tified using the number pf identified specimens (NISP [Grayson
1984]). Vertebra diameters we're measured (for the measurement used, see
Casteel 1976) to estimate fish body length and changes in fish size, given
the well-established relationship between vertebra size and body size.Be-
cause vertebrae !:rom minnows and suckers cannot be distinguished, the
measure provides a coarse-grained record of change in body size.
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Sites or portions thereof were assigned to one of four time periods
based on radiocarbon dates, temporally diagnostic projectile points, and
source-specific obsidian hydration ages: pre-7000 B.P., 3500-1350 B.P.,
1350-650 B.P., 650-100 B.P. (Delacorte 1999; Gilreath and Holanda
2.000). The earliest time period, marked by Great Basin Stemmed and
Pinto series projectile points (Basgall and Hall 2.001; Tuohy and Layton
1979), encompasses the broadest and least securely dated interval, owing
to the lack of directly associated organic residues suitable for radiometric
assay. Three radiocarbon dates were obtained from a buried soil just be-
neath the artifact-bearing stratum at one of the sites (INY-4554); these
dates fall betWeen 7780 :t 90 and 6740 :t 90 B.P. Obsidian hydration
readings on more than 130 flakes and tools from the same deposit indi-
cate that all of the artifacts are of broadly similar age, as evidenced by the
low coefficient of variation in hydration (14 percent). It is reasonable to
conclude, therefore, that most of the INY-45S4 fish bone and other cul-
tural remains date to the interval around or shortly after the two-sigma
calibrated dates for the soil horizon (896o-?477 B.P.), as befits points of
the Stemmed and Pinto series. V1rtUally identical dates are suggested for
the other early archaeological components by statistically similar or slightly
older obsidian hydration values and projectile point series.

RESULTS

A total of 1:.371: fish remains was identified to at least family or sucker/
minnow. Figure 2..2. shows the overall frequency of fish taxa with all the
site assemblages aggregated. The sucker/minnow category has the most
s~-.m~~ followed by the family categories-Catostomidae and Cyprini-
dae-and finally the species-wi chub, Owens sucker, and speckled dace.
As Owens sucker was the only species in the family identified. all of the
remains identified to the sucker family are presumably from Owens sucker
as well. Of the 54 Cyprinidae (minnow) pharyngeaJs identified to species,
52. are from wi chub, and tWo are from speckled dace. Given the. absolute
dominance of wi chub in the deposits, it is reasonable to assume for ana-
lytical purposes that most of,the specimens identified to Cyprinidae are
from tui chub.

R~i"-c of speckled dace are extremely rare, and no rema.ins of Owens
pupfish were identified. Because dace and pupfish are very small (maxi-
mum lengths = 1:00-1:50 mm). their scarcity could be explained by recov-

ery bias. but this is unlikely given that large quantities of sediment were
processed through x/1:6-in mesh. Further, remains of very small fish were

J
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Figure 2..2.. Fish taxonomic frequency, all sites combined.

recovered, judging by vertebra sizes (see below), just not those of dace
and pupfish. Thus, the scarcity of dace and pupfish reflects something real
about taxonomic representatipn in the archaeological deposits. There are
several ways to interpret this pattern. The scarcity might indicate that abo-
riginal peoples did not target these fish or the habitats they occupied. The
low frequency could also mean that one or both species were never abun-
dant in the river system (or the habitats exploited by people). Perhaps both
of these explanations are correct in part. Ethnohistoric descriptions em-
phasize that Native Americans used sieved baskets to catch small fish in
the Owens Valley (Davidson, in Wilke and laWton 1:976; Steward 1:933,
1:941:). As we discuss below, fish recovered from late-prehistoric contexts
« 3000 B.P.) are generally v~ small « 2.00 mm long), and it is likely,
that most of them were caught using mass harvesting gear. If all species
were occupying the same habitat, then one would expect that at least some
individuals of all taxa would be captUred by indiscriminate fishing tech-
niques. As Owens sucker and tui chub absolutely dominate the assem-
blages, the implication is that dace and pupfish were not occupying the
same habitats as the sucker and chub or that these very small fish occurred

I ~ " ,I:

c
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in negligible quantities in these habitats. The absence of pupfish and near
absence of speckled dace suggest that these taxa were never very abun~
dant in the lower river, where the archaeological assemblages were found.
Faunal samples from other locations may substantiate this suggestion.

Temporal Patterning

Table 2.'.2. S1Jmma~ the temporal distribution of identified fish remains
(NISP) across site components and time periods. Several points can be
highlighted. Each time period has multiple ~omponents with fish remains,
although the sample sizes in many components are extremely small. In our
comparisons of taxonomic frequency over time, we include only those
components with ~ 30 NISP. Table 2..2. also shows a 3,SOO-year gap in
faunal records (7°00-3500 B.P.) that reflects the lack of dated archaeo-
logical deposits for this interval. Whether this gap is an artifact of archae-
ological sampling or some other phenomenon such as reduced human
population density is unclear in Owens Valley and numerous Great Basin
localities where middle Holocene occupations are often underrepresented.

To examine variation in sucker and chub abundance over time, we used
a simple index (I Catostomidae NISP I I Cyprinidae NISP + I Catosto-
midae NISP) and calculated values for the five archaeological components
with ~ 30 NISP. All specimens i~ti~ed to at least the family Ieve1 were in-
cluded. The index generates a value between 1.0 and 0, with higher values
indicating a greater representation of sucker relative to minnow. Sucker
absolutely dominates in the two early-period components (with index
values close to :r.o); later components show a more even representation of
sucker and minnow (Figure 2..3).

Another striking pattern is the change in vertebra diameter over time
(Figure 2..4c). Early deposits are dominated by large vertebrae (~6 mm),
and given that sucker dommates these early assemblages, the vertebrae in-
dicate relatively large sucker. Later deposits are dominated by small ver-
tebrae (typically 1-4c mm) and hence smaller fish, chub and sucker (Figure
2..4c). For reference, fish > 300 mm long have vertebra> 5 mm wide; fish

about 60 mm long have vertebra approximately 1 mm wide. Screen size is
not responsible" for the varyin'g vertebra sizes, as fine-mesh samples from
all site components w~re studied.

Search for CIuses: Cultural

These patterns in taxonomic representation and body size could result from
both cultural factors (human selection, technology) and environmental
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TABLE 2.2. FREQUENCIES (NUMBEB. 0. IDBNTIPIED SPECIMENS) OF FISH REMAINs IN

OwENs VALLEY ARCHAEOLOGICAL Sms AND CoMPONENTS.

Component

'"EarlY- Pre
7000 B.P.

7000- 3500- 1350- 1350- 650-
3500 B.P.- 1350 B.P. 650 B.P. 100 B.P.b 100 B.P. TotalProject Site

2.53253

ss

7
17
32

760

1
10
26

66
4

602

1
2

158

1,34
2

134
2

"The%e are DO records for this time period.
"Tbae materia], are from stratigraphically mixed deposita.

1.00

0.75

~
-8
.s
'G3 0.50

~
=

~

o~

0.00
pIe-7<XX> 3500-1350 650-100

Years B.P.
Figure 2..3. Change in rdative frequency of sucker remains over time.
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e
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(3) I
(44)

f
(28) t

(68)t
(12)

0
1350-650 650-100pre- 7<XX> 3500-1350

Years B.P.
Figure 2..4. Change in vertebra diameter over time. Each error bar represents
mean and standard deviation; sample size is in parenthesis.

factors (water conditions). The absence of small fish in the early period
must result primarily from cultural practices because small fish were cer-
tainly present. This absence would be predicted by a prey-choice model
derived from foraging theory, wherein highly ranked resources such as large
fish are selectively targeted until their abundance declines to the point
that pursuit of lower-ranked foods is of equal or better economic return
(Broughton I.9.94, I.9.9.9; Grayson 2.00I). Given that prey rank is highly
and positively correlated with body size, the model predicts that human
foragers in Owens Valley would initially target large rather than small
fish if the former were available in the river.

The same explanation and other cultural factors might also account
for the late-prehistoric presence of small fish. Various zooarchaeological
and paleoethnobotanical indicators point to more intensive subsistence
practices .and an expansion in late-prehistoric diet breadth (Bettinger I.976;
Delacorte I.9.95, I.9.9.9). The ad~tion of mass harvesting technologies such
as nets or basketry sieves would likewise result in the capture of primarily
small fish, as documented in ethnohistoric accounts (Steward I.933; Wllke
and Lawton I.976). Thus, cultural factors (predator-prey relationships,
technology) probably account for some of the patterning.

But what is responsible for the absence of large fish late in the sequence?
Were ~ fish common in the river and adjacent streams and marshes but
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not targeted by hUman foragers because of scheduling or other cultural
constraints? Or were fish in the aquatic system simply smaller later in time?
Delacorte (X999) believes that a shih from springtime fishing for mature
fish during the spawning season to predominandy summer/fall fishing for
juvenile fish and smaller species could have produced the archaeological
pattern. Support for this hypothesis is provided by the seasonality of late-
prehistoric components. Still, if large fish were present in the aquatic
system, they probably should have been taken to some extent, as the prey-
choice model predicts. Because the relatively large fish in early archaeo-
logical contexts are Owens sucker, the question more speci:fica1ly relates
to body size changes in sucker. Aquatic habitats in the Great Basin in gen-
eral and Owens Valley in particular have undergone signifi(:-mt change
over the last several thousand years, and it is reasonable to think that
such changes have affected not only species abundances but fish size as
well (Smith x98x).

Search for Causes: Environmental Change

The end of the Pleistocene brought increasingly arid conditions and the
disappearance of the huge pluvial lakes that once covered much of the
Great Basin. In Owens and nearby valleys, records of change in aquatic
habitats come &om studies of lake-bed cores and relict tree stumps. Given
that most of the water in eastern California lakes comes &om Sierran
stream runoff, major fluctuations in lake level also monitor changes in the
extent and size of riverine and other aquatic habitats throughout the val-
leys. Benson et al.'s (1997) oxygen isotope analysis of an Owens Lake
core establishes periods when the basin was closed (low flow, dry interval)
and open (high flow, wet interval-wherein water overflowed the Owens
Basin, filling pluvial lakes to the south and east). Owens Lake experienced
four extremely dry, closed-basin intervals between 15,800 and 6,700 years
ago that were preceded by wetter episodes (all ages are calibrated). Dry
intervals centered on dates of 15,100, 13,2.00, 12.,2.00, and 11,100 years
ago. Following the last dry interval, the basin remained closed, with the
lake itself desiccating completely about 6,700 years ago. Support for this
desiccation period comes &om Bischoff et al.'s (1997) work on another
Owens Lake core. Both studies suggest that conditions became wetter
after the desiccation period. This period of hyperacidity coincides with
numerous western Great Basin p~eoclimatic records (macrobotanical,
pollen, tree line fluctuations, relict stumps) that chronicle a significant
dry/wann interVal &om about 7,500 unti14,500 years ago (Grayson x993).

.
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Lake levd fluctuations over the last S ,000 years have been reconstructed
by Stine (1990, 1994a, 1994b, r998), who has dated relict tree stumps
found in growili position on former lakeshores, ro m or more below his-
toric lake levels. Stine's detailed studies of multiple basins indicate that
lakes have undergone dramatic changes in water level-from a Holocene
high stand 3,800 years ago to periods of extremdy low levels or complete
desiccation. The two lowest lake levels occurred between A.D. 900-XlOO
and A.D. 12.00-13 So, periods of extreme drought, for which Stine (r998)
estimates inflow was less than 68 percent of modem levels (averaged from
the years r937-1979). A stump from Owens Lake located only 3 m above
the lowest point on the lake bed dates to A.D. -102.0 and indicates that
the lake was extremely shallow at that time (Stine r998). The second-
highest stand of the Holocene was reached about 37 S years ago. The close
correspondence of the dates for lake level changes across multiple basins
(Tahoe, Mono, Owens), the absence of geomorphi~ explanations for the
changes, and the corroborating evidence for paleoclimatic changes from
other data such as tree rings (Graumlich r993; Hughes and Graumlich
1996; LaMarche 1974) strongly argues for a unifying explanation: changes
in precipitation, changes in evapotranspiration, or both (Stine 1998).

These records indicate that Owens Basin wetlands (river, tributaries,
marshes, lake) have changed dramatically in size, depth, chemistry, and
flow conditions over the last 1 S ,000 years. The presence of fish in archae-
ological deposits predating 7°00 B.P., and from 3 SOO B.P. to historic times,
demonstrates that fish were able to adjust to these changing conditions.
The nature of those adjustments was undoubtedly complex, including
changes in productivity that would have affected the overall. abundance
and distribution of fish across the basin. We also suggest, however, that dif-
ferent species of fish would have responded differendy to habitat changes,
owing to differences in their life history strategies, and it is to these issues

that we turn next.
Evolutionary ecologists long have recognized wide variation in life his-

tory strategies among organisms, including growth rate and overall body
size attained, age at first reproduction, number of offspring, and reproduc-
tive cycles (MacArthur and Wtlson 1967; Pianka 197°; Ricklefs 1979). In,
recognition of these factors, researchers have suggested that in more sta-
ble environments, populations live at limits imposed by the resources (or
carrying capacity, K). Conversely, in more fluctuating environments, where
populations periodically crash because of catastrophic events, adaptations
that increase intrinsic population growth (r) are advantageous. In a cata-
strophic event, organisms die without regard to their genotype; in envi-
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ronments subjected to periodic fluctuations in temperature or moisture,
selection favors rapid growth, early age of maturation, and small body
size. In short, r-selected traits are favored in unstable environments, and
K-selected traits are favored in stable settings.

Smith (1981) has used this distinction in a study of Great Basin fish
and suggests that life history traits were strongly correlated with size of
aquatic habitat: the larger the creek, rivet, or lake, the larger the fish and
the older the fish at first spawning. Smith argues that habitat size is a
good predictor of life history characteristics because of the link between
environmental stability and habitat size. If all other variables are equal,
then the larger the habitat, the more stable it is. Smith also found a strong
positive relationship between body size and size of aquatic habitat, which
he thought resulted from larger habitats being more stable.

Comparative life history data for tui chub and other suckers in Califor-
nia and Nevada show that the chub is more an r-strategist and that suckers
are more K-strategists. Catostomus fumeiventris has received little study
but is generally thought to resemble C. tahoensis (Tahoe sucker) in life
history traits (Moyle 2.002.). Tui chub mature at smaller sizes and younger
ages than the suckers most like Owens sucker. Also, the maximum size
attained by chub is usually smaller than that reached by suckers. Histori-
cally, chub have thrived in the fluctuating environments of the western
Great Basin, being the most abundant species in the large, shallow Har-
ney Lake of southeastern Oregon and Eagle Lake of northeastern Califor-
nia. The ability of chub to "take advantage" of temporary improvements
in habitat was illustrated in the 1980s when exceptionally high water
flows into the Carson Sink of northeastern Nevada created vast shallow
lake and marsh habitats. This led to a tremendous population explosion
of tui chub. Subsequent declines in water level resulted in the mass death
of an estimated seven million fish (Rowe and Hoffman 1987). Tui chub is
the dominant fish in archaeological deposits dating to the last 3,000 years
in this area, sugge$ting chub's prominence in these settings for an extended
period (Butler 1996). Historically, the primary sucker of the Lahontan
system in the western Great Basin, the Tahoe sucker, is less abundant in
aquatic systems, and this at least indirectly suggests that suckers are not
as successful as chub in highly fluctuating environments.

Smith's (1981) notions and the life history observations swnmarized in
. the preceding paragraph provide a basis on which to predict how chub
and sucker would respond to changes in aquatic habitat over the last sev-
eral thousand years. We predict that sucker would thrive in e:x:panded or
stable habitats and that tui chub would be favored in more constricted or

I;';
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fluctuating habitats or if both conditions obtained. As well, we predict
that fish body size would decline with the constriction of aquatic habitat
owing to the decline in stability.

Testing of the first prediction cannot be rigorous because we lack suf-
ficient temporal resolution. For example, the earliest archaeological period
spans several thousand years before 7°00 B.P., and thus the fish record
for this time cannot be readily compared with the detailed environmental
reconstructions. Nevertheless, in expanded aquatic habitats of the Late
Pleistocene/Early Holocene we find evidence for large Owens sucker, as
expected. Toward the end of the Holocene, when aquatic habitats were
reduced relative to Late Pleistocene-Early Holocene conditions and were
subject to alternating periods of wetter and drier conditions, we find a
more balanced mix of chub and sucker of generally smaller body size.

We can test the second prediction more rigorously using historic data
on fish size. If the late-prehistoric pattern for small size is environmentally
controlled-fish were relatively small because of habitat constraints-then
smaU size should continue into the historic period. Alternatively, if small
size reflects cultural selection -large fish were in the water system but
not targeted for capture-then large fish should be present in the historic

period.
Snyder (I.9I7) lists individual body lengths of suder and tui chub ob-

tained from the Owens River drainage in the I.9IOS. These fish apparendy
were collected near the town of Laws, about 5 kIn northeast of Bishop.
Sample sizes were small (n = IO for each taxon), but the results are con-

sistent with the hypothesis that modem chub and sucker are small. Sucker
body length averaged I54 :t I6 mm, and chub body length averaged 8.9:t
8mm.

More recent collections reported by Miller (I.973) include over I,600
individuals each of chub and sucker. Collection dates are listed for some
fish and indicate that they were caught in the I.940S and I.9 50S. Fish were
collected throughout Owens Valley-from the main river channel, springs,
irrigation ditches, sloughs, and reservoirs constructed for water diversion.
Miller lists the range in body size (standard length) for each collection of
fish, not individual specimens, precluding the calculation of summary sta-
tistics. Tui chub were consistently small, with a maximum standard length
of I80 mm, and most fish were considerably smaller than this (Figure
2..5). The body size of Owens sucker is extremely variable, with some fish
attaining lengths of over 400 mm (Figure 2..6). Important to our purpose,
the largest body sizes of Owens sucker are from fish that had access to a
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large reservoir (Crowley Lake) during their yearly life cycle (Figure 2..6).
The ~aximum size of sucker captured from sloughs and the Owens River
itseH is < 309 mm, and most fish are much smaller than this.

The large suckers found in association with reservoirs are the excep-
tions that prove the rule. Suckers attain relatively large sizes in modem
times because they have access to reservoirs and thus are artif~ of wth-
century water projects. This supports our prediction that fish size (in his-
toric and prehistoric times) has been constrained by the size of aquatic
habitats. In turn, this result is consistent with the suggestion that the gen-
eral trend toward smaller body size, from the early to the later periods
(Figure 2..4), results from reduction in the size of aquatic habitat.

IMPLICAnONS FOR FISHERIES MANAGEMENT

Our results have two main implications for modem fishery issues in the
Owens Valley. First, they may explain why Owens sucker, of all the native
fish, is surviving relatively well in the valley today. Its success may be
linked to the species' ability to thrive in artificially created lakes. Such
lakes provide relatively large, stable habitats, which favor K -selected species
such as Owens sucker. While not specifying the cause, Moyle recently coJri-
mented on the relative success of the sucker in Owens Valley, noting that
the fish "showed some capacity to adjust to the presence of nonnative
fishes- (2.002.:I9S). Varying life histories may explain why certain fish are
coping well with major changes wrought by modem water-use practices
and fish introductions.

Second, our historical perspective allows us to isolate particular causes
for modem declines in native fish. Biologists note two main causes for me
declines: the significant loss of aquatic habitat associated with large-scale
water-diversion projects and the introduction of alien species, mainly
predaceous fish (U.S. Department of the Interior, Fish and Wildlife Service
I998). Paleoenvironmental records for Owens Valley clearly show, how-
ever, that aquatic habitats underwent major fluctuations over the last
IS,OOO years. Owens Lake has been desiccated or nearly so at least twice
in the last 6,700 years; at other times conditions were much wetter, and
me basin contained more wedands than are known for the historic period.
The zooarchaeological record demonstrates that fish inhabited the basin
over this entire time and that they adjusted to mese changes. That Owens
Valley fish were able to cope with signinrant loss in habitat in ancient times
(by finding refuge in available wetlands or reducing body size) suggests
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that these fish should have been capable of adjusting to habitat changes
caused by 2.oth-century water-diversion projects. History did not, how-
ever, prepare native fish for introduced predators. Our study supports the
position that nonnative predator fish are primarily responsible for mod-
ern declines in native fish. Unless more efforts are made to reduce or elim-
inate these alien fish from the critical habitat, the native species are prob-

jbly doomed to extinction.

FUTURE STUD IES

Additional zooarchaeological samples from throughout the basin should
be studied to devdop a comprehensive record of fish distribution and abun-
dance. The resulting data will allow us to track faunal changes that might
be linked to environmental versus cultural changes. One archaeological
site that merits particular attention is Fish Slough Cave, located next to
Fish Slough, an extensive riparian habitat just north of the Owens River
near Bishop (Figure 2..x). Archaeological projects carried out there in the
early X990S suggest that most cultural remains date between X350 and
roo B.P. (Nelson x999). Over 300 human coprolites were recovered, and
faunal and floral preservation within them is excellent. Fish remains are
common but have received little detailed analysis (Nelson x999). The fish
record here is imP9rtant because it spans Stine's period of purportedly
extreme drought (during the so-called medieval climatic anomaly). It
should be possible in this context to obtain high-resolution radiocarbon
dates of individual coprolites and to es~blish a precise record of fish
response to what were likely significant changes in habitat.

If study of the FiSh Slough Cave zooarchaeological collection (or'others
from the Owens Valley) produces results similar to those reported here,
then ecologists will have strong evidence of baseline ichthyofaunal condi-
tions. Such information can then be used to modify the existing recovery
plan, and appropriate actions can be taken. By themselves, the data and
analyses we have presented here indicate that management actions should
minimally comprise significant reduction of alien predatory fish if a pre-
x9th-century ecosystem constitutes the desired baseline conditions. Our
study also suggests that native fish r,axa can withstand major fluctuations
in local water levels, provided that they are not under additional stresses
such as predation by alien species. In our view, this is an important bit of
information for conservation biologists to have as modern Californians
continue to divert water to their own uses.
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