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Island is presented and, in a concluding chapter, the
hypotheses which these data suggest are discussed.
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the Lower Klamath Basin through the Straits, s widzs channel
at the northern end of the valiey. During high stages of
the river, or low stages of Lower Klamath Lake. the Klamath
flowed south into the Lower Klamath Basin, but this pattern
was reversed during high lake or low river levels. Lower
Klamath Lake was also fed by a few small streams entering
the lake from the west and southwest, the most importani of
which were Willow, Cottonwood, and Sheepy creeks (Sweet

and MeBeth 1910; USDI n.d.a).

The distribution and abundance of water supplies in
the Lower Xlamath area nas had a torturous history since
the entry of whites into the region. Although Eurcpeans
first entered the Klemath Basln as early as 1826 (Stern
1965}, Eurcpean i influence here was not great during the
next few decades., v the middle 1800's, vhite ssettlement
of the area had begun in earnest, and by the 1880’'s white
ers had already begun to modify the natural drainage
patterns of the area. Eerly modification was relatively
he first irrigation ditch in the Klamath Basin

was epparently ouillt in 1882 and enlarged in 188€,

carrying water from White and Lowey KXlamatn lakss norin
™ o A R, o T i - 25 =i Viavr Y OWCTR P
and east to the ares of Merrill., 2y 1603, some 20,000

P PR R L e 3 ™ L S A < AP F ] "] z 2]
scres of the Klamath Basin were being irrigated {(USDI 1957,

185 80) e N < TP, (OB et ot (AR e o SR VAL N g e R LR
1556}, ALTROUEN LOWEeY hizanacll Lake Q025 Now seem €O nave
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been graatly affected by these early prcjects, significant
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alteration of the liszke had begun by 180G, when i}

Southern Pacific Railroad placed the roadbed for its

"Natron Cutoff" acrogs the Klamath Straits, cutting Lower

i-

{lameth Lake off from its water supply. The Straits were
e

entirely clcosed by 1912, control gates at the railrocad

dikke apparently being added in 1914 (

-

e

(USDI 1957). As &

1t, with the exception of a few spring-fed areas which
supported smell patches of marsh (Walker n.d.), the lake
became dry within a few years. 1In many places, the now-
dry lake bottom peat caught fire, sometimes burning to a
depth of six feet or more, "leavi
alkaline, ashy desert, from which clouds of chcking dust
arose, often obscuring the sun" (Jewett 194%:€). Not only
did subseguent attempts to farm thé exposed
prove unsuccessful, buﬁ‘ﬁhe lowered water table which

L PR Y 1 £ T Tw o Y& P e T e T
accompanied bleckage of the Klamath River alsc adversly

ventures bordering ths lake (Jewett

25
Attempts to rejuvenate Lower Klamath Lake begen in
1935, when excess irrigation water began to be pumped into
its basin. After the completion of a tunnel and pumping
station between Tule anc Lower K3

P P & % Sk AN
water began to be pumped
Tt Il | - v oo S S N | D g o oy ¥ & %

a result of these and associated projects, about 23,000

- - s - -
neen restored to Lower Al&m&bh
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Some effectis which these changes in the distribution
and abundance of water in the Lower Klamaih Basin might
have had on the area's avlian and mammelian faunas will be
discussed below, Unfortunately, however, since there are
neither early nor modern floral surveys avsilable for the
Lower Klamath Basin, the changes which occurred in the
flora of the region during the early twentleth century are
difficult to assess. As noted, the dominant vegetation
forming the marshes of Lower Klamsth Lake now consists of
bulrush and cattail. hoth extremely important in providing
nesting places and refuge for waterbirds. Similarly

abundant are Dondweed< (Potamogeton spp.), an portant

<

food scurce for all waterfowl., btut especially for the
divers, and numbers cf other agquatic plants (0'Neill,
personal communication; USHI n.d.b; Jewett 1943). Thz
vegetation surrounding Lower Klamath Lake anéd its marshes

is dominated hy sagebrush {Artemisia tridentata), although

other shrubs, including rabbitbrush (Chrysothmnus spp.)

and gooseberry (! common. Cottonwood
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and guaking aspen (Populus spp.) are scattered along the

lake shore, while juniper (Juniperus occidentalis) 1is
scattered on the hills auove the lake, but trees in

general are guite scarce (0'Neill, personal communication).

The Tew available descriptions of Lower Klamath and

nearby Tule lakes which predate major Eurovean modification



teday (Bailey 1902; nley 1907, n.d.; Sweet and McBeth
191 Wheeler-Voegelin 1957). That is, alithough the

present do not ssem to have been greatly affected., Thus,

"

it would probably be correct to describe Lower Klamath Lake

at the time of Eurcpean entry as having been characterized

by vast, shallow marshy lakes with abundant bulrush,
cattail, and pondweeds, with large expanses of sagebrush-
dominated flatlands and hills back from the water. Stands
of cottonwood and aspen were probably scattered around the
Alwke, while tributary streams may also have supporied
fringing stands of these trees. The mammalian and avian
faunas which this region supports today, and presumably
supported in the past, form the subject for the next

chapter.
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(see Table 2), Since it would be unrealistic to atbempt
- e alh B Y et | A e e e IR o s o o oS
to discuss each of these forms, my dlscussion of the
i o o mard £ N i N g g e Fary e 2 5 .
modern Lower Klamath avifauna will focus on those species

important to the former residents of Island.

It would be difficult fto overemphasize the avundance

of migratory waterfowl (birds of the family Anatidae) in
5

3

= | i § = | .
A T | b o 7\ 0 " n-ww h S
T LY WY involves migretory

R %

the Klamath Basin. The Pac
birds whose breeding grounds include Alaska, central and
orthwestern Canada, and the contigucus northern United

States, and which summer in California, western Mexico

Washington, Oregon, California, Tdaho, western Montana
and Nevada (USDI 1955). Eighty percent of all ithe watar-
fowl using the Pacific T
during one or another part of their yearly cyc
this use involves Tule or Lower Klamath lakes (USDI
1955, 1958). A population of 5,000,000 or more ducks alone
may be found in the Klamath Basin during the heignt of

M earith where

O

- i 2 “%9 Sk TR R > oo gy b ~
waterfowl congregate in such numbers on such small

i AT ; STNT e i\ ey 3 por 2 e B oo A oo EUSE R
areas” (USDI 1058:4)., It would not be surprising teo find

that waterfowl provided an important source of subsistence

for the prehistoric occupants of

T e e aly g
Dower Klazpath arsa iz




i>

Naticnal Wildlife Refuges' Narrative Reports, which present

Ao

yearly accounts of the mammaliazn and avian faunasz of the
five Klamath Basin Refuges. Exacting detaill in the form

but still valuable, data are slsec available for other b

Table 3 presents quantitative data for all recorded
waterfowl of the Lowsr lamath Hefuge. While this table
gives an adequate account of the abundance and diversity
of the waterfowl of Lower Klamatih Lake, some comments
concerning this indcimation seein necessary.

First, the waterfowl will be of little help ir

f’)

inferring seasonality from the Nightfire Island material.

Although the freguency of utilization of Lower Klamath

2

Lake by any species of waterfowl mey change greatly Irom
segson to season, in aimost every instance the presence of
substantial numbers of any given taxon in any month

diminishes the possibilities of in
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the waterfowl component of the Nightfire Island zvifauna.

= - - b | o~ - e 4 - -2 9
Indeed, as shall be seen, only twc waterfowl specles

certainly, whistling swans.
™ e LSRN e o o B TR n - ad < Py D X
Secondly, particular patterns of uvtilization of

iy
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Lower Klamatih Loake by waierfowl may be defined. Specili-



cally, non-diving waterfowl, those which do not habitually
dive for food or to escape from danger (Anserini, Anatini,
and Cairinini), greatly outnumber diving waterfowl
(Aythyini, Mergini, and Oxyurini)} throughoui the year [see
Table 4). At the minimum, ncn-diving Anatidae are more
than twice as plentiful as their diving relatives; this
retic increases as the number of Anatidae in the Lower
Klamath region increases, to the point where, at the
height of the fall migration, non~divers are some fifty
times as plentiful as divers. On the yearly average, non-

diving Anatidae outnumber their diving relatives by about

20 to 1. This information provides a key to understanding
the pattern of waterfowl and other waterbird utilization
through the odccupation of Nightfire Island.

Although waterfowl account for much of the Lower
Klamath avifauna, a wide range of other water and sheore
lso present. While the same kind of exacting
information presented for waterfowl is available only for

P O S o1
e other kirds. Datz

By A . TN 5, S o e X, -
apunigance I oY The mesStT CoNmon ol

in the way of inferences from the 4SKY avifaunal

P L mand o , 25 5 o o ind 3 KPL ol $o 5
material concerning the zeasons during which Nightfire
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Island was occupied. Although there are large numbers of
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non-diving waterbirds other than waterfowl (gulls, terns,

heavily outnumber non-divers, primarily because of the

Information about the other birds present at

Nightfire Island and in the modern Lower Klamzth area is
scarce, though some statements may be made concerning
these forms. Horned grebes al times nest on Upper Klamath
Iake, are occasionally found as spring migrants, and in

earlier times may have been found through August on Lower

Klamath Lake (0'Neill, personal communication; USDT 1969)

\J

Present year-round, and common to abundant though numbers

2

Tluctuate seascnally, are American bitterns, black-crowned
night herons, hald esgles, golden eagles, ravens, short-

end great blue herons

TIOT™ % vl oy - ad A’ e 4
(USDI 1860, vear~-round residenis but
g 7o, -~ £x » ) N g -~ - i
rare are common loons, hooded me nsers, and sage grouse
i T 3 4 o B e . e 3~ TICTT ) -
(O'Neill, personal communication; USDI 196Q). Red-

breasted mergansers are present in the spring only, and
g -~ . S 'y P “.' TN -‘N-‘\ 3 3 o 5
even then are not comaon (USDLI 1909). Finally, herring
AR .

rulls are occasional fuil and winter visitors (USDI 1969).

e only avian speclies idenitified from Nightfire
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Island which has not been recorded in the modern Kiamath
Basin is the snowy owl. Tnls large owl breeds on the
tundra of the far north, its abundancs in that area
apparently depending upon the abundance of the small

mammals upon which it feeds. During the winter montns

c-f-

many of these birds migrate south, this winter
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rarely taking them as far south as Oregon and Califormnia:
the southwesternmost record of which I am aware comes from
San Diego County, California (Bent 1933). ' Although thsre
are some hearsay records of snowy owls in the Klamath Bsasin,
no definite sightings of this bird have been made in the
ares (0'Neill, personal communication). Nonetheless,

while their appearance in the archaeological record wili

allow inferences as to cccupational seascnality, their

-

presence at Nightfire Island certainly does not imply a

climatic regime any di

H)

ferent from that of today.
Mammals

The Klamath Basin supports a diverse mammalilan fauna.
Table 6, compiled from Hall and Kelson (1959) and checked

against Jewett (1943}, Lava Beds National Monument (n.d.),

and the Narrative Reports, lists the 61 species of mammals

which have been reported for the Klamath Basin in modern

<

introduced forms

L.-

times, with the excepticon of such recently :

a8 maskrats and 0ld World rats. Approximately one-third



of these mammalian species were utililized curing ithe
occupation of Nightfire Island. The current distribution

shundance of each of these utilized forms will be

Lagomorphs

Both animals of the open sagebrush, black-~taliled
Jjackrapvbits and Nuttall's cottontails are currently very
common in the XKlamath Basin. For instance, an estimated

300 hlack-tails were reported for the area surrounding

jote

Lower Klamath Lake in 1965, while ccttontails are
freguently reported in numbers equal to or exceeding

those noted for the black-tails (USDI 1960, 1965, 1970).

Rodents

Yellcui-bellied marmots are common in the Klamath
Basin. In 1970, an estimated 300 utilized the rocky
grasslands in the Lower Klamath area, while similar
habitats adjacent to Tule Lake sported approximstely 700
(USDI 1970). Marmots are abundant in the rocky greasslands
and brush of the Lava Beds National Monument southeast of
Lower Klamath Lake where they make their first appearance
above ground in February or March and return to dormancy
between mid-July and August (Lahr 1960; Brainerd 1939-

1940; TPForsell 1961). Even if aceuvrately located, the



marmots' rocky winter retreats are essentially impenetrable,
and any animals caught prehistorically must represent
active animele of the spring and summer.

Belding's ground squirrel colonies are most commonly
found in grassy openings in yellow pine or
rarely, however, they will fellow water sources into the
valleys beneath these trees, nesting in the grass in these
open areas (Bailey 1936; Ingles 1965). Althougn little
information is available concerning their distribution
near Nightfire Island, they are found alcng the ncrthern
boundary of the Lava Beds National Monument southeast of
the Lower Klamath area (Forsell 1961), and their presence

at 4SKU--probably 28 occupants of the site with or after

its human occupants--does not necessar
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different from of today.
Beaver, whlich prefer bodies of water with adjacent
stands of willow, ccttonwood, alder, aspen, or birch, have

been scarce in the Lower Klamath basin in recent years. In

‘1970, for instance. none were reported for Lower Klamath
0y % | # y ol d Y o 8 1P R i S R R F i o
and Tule lakes, while Clear Lake supported only two and the
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mershy borders of Upper Klamath Lake, 10 (USDI 1970).
These small numbers, however, séem to be a recent
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phenomenon. Malllaird (1927), for instance, noted 25
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beaver on Willow Creck near Sitecle Meadows
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in 1922
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Lower Klamath Lake in 1860 as supporting a large population
of these animels, In earlier times
have been common in the Lower Klamath Basin, and their
current lcw numbers are probably to bz attributed to the
medifications of Lower Klamath ILake detzllied in Chapter 1.
The montane vole is Tound in sagebrusi: and sagebrusii-
Juniper associlations, most abundantly in the area of sireams
and marshes (Mager and Storm 1970). Active year-round,
these voles are abundant in the Lower Klamath region today,

U 2o p% PNy P S 55
pecause of the

where close watch is kept on their numbers
potential damage to agriculbural crops which they represent
(Forsell 1961; O'Neill, personal communication; Wunner

1964).

e

inally, porcupines, which usually cccupy areas of

open timber, are relatively common today in the sagebrash-
Juniper around Lower Klamath and Tule lakes, a3 well as in
the willows along the shores of Tule lakes, where the aguatic
and semi-aguatic plants of the lake provide them with food

{Forsell 1961; Lahr 1660; USDI 1970).

in the Klamath Basin, holding
their own against programs designzd to eliminate them.

Although their numbersz gzem to fluctuate from year to year,

these animals are year-rovnd rssidents of the Lower Klamath



region. In the 1930's, for instance, some 500 ta TQO
were thought to be in the Lava Beds Nacional Monument

southeast of Lower Klamath Lake {(Fisher n.d.}, while &ll

(Y

Narrative Reports note coyotes alcong the shores and
adjacent uplands of Lower Klamath and Tule lakes. Indeed,
in 1942, coyotes had even been sighted in the small islands
in Tule Lake, islands which can be reachcd oniy by

traveling through water (USDI 1842,

-

.  Even though coyotes
are year-round residents of the Lower Klamath ares, their
numbers reach two seasonal peaks: 1in August, when new
young have become abundant, and in late fall and winter
when the resident population is bolstered by arrivals of
coyotes following migratory deer into the area
1g61).

Wolves at cne time also rangesd the sagebrush hills

and plains east cf the Cascades and Sierras. Unfortunately

‘(’

however, these animals were exterminated over much of their
Oregon and California range before reliable data on their
distribution had been collected. BRailey (193%6) felt that
their presence in eastern Cregon was correlated with the
presence of bison, a view which Seton (1909) held for the
northern Plains, both pointing out that the disappearance

of the bison was apparently accompanied by a similar
disappearance of the wolf, In the area of WNightfire Island,

no wolves have been zighted in recent years, although
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suitable habitat--open sagebrish hills--is certainly
abundant. To the north, however, a woll was killed in
Sycan Marsh in 1927 (Bailey 193€), whila Mailliard (1927)
stated that four wolves had been sighted near Straw,
southeast of Tule Lake. Earlier, in 1899, RBailey (cited
in I.BNM n.d.) had ncted that "a few'" had been seen south
of Tule lake. Thus, although wolves are no longer found
in the Lower Klamath basgin, there is little reason to
believe that they were not present before their recent

extermination by whites--a view with which Grinrell (1933)

agrees,
In Oregon and California grizzly bears preferred
flat to rolling areas interspersed with dense stands of

o

rees, While in any area grizzlies may ¢r may not be
active during the winter, even hibernating grizzlies would
be available to hunters, and thelir archseological pressence

does not support inferences as to occupational seasonality

Storer and Tevis 1955; Bailey 1936; Seten 19529).
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although several records for arcas peripheral to Lower
Klamath Lake are avalleble. These bears were known to

occur on Goosze Nest

: o Y - el =l TR SR
.and Tevis 1955) while
i Lk - e - I Y s Ak T 4 D Ty
December, 1874 in the Swan Lake Valley east of Upper

Klamath
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1936, further reported seeing grizzlies while traveling

-

from the Pit River to the Klamath Basin. And, Storer and
Tevis (1955} have pointed out that although thers are no

records for grizzly in the area, the lava beds of north-
eastern California would have provided both adeguate
shelter and ample food for this bear. Thus, the occupants
- of Nightfire Island would definiiely have had access to
grizzlies in the more forested regions to the northeast,
north, and west of Lower Xlamath Lake, while they mey have
had a second source in the lava beds to the south and
southeast.

In the Lower Klamath bhagin, raccoons are cammonly
found along the permanent cattail-bulrush marshes of Tule
and Lower Klamath lakes; they are similarly found in
Hank's Marsh and Upper Klamath Lake, where they range into

nearby pine forests. Raccoons were at one tlime more

common along Tule Lake: as this lake was drained, the
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Except for the areas immediately adjacent to Tule Lake,
the Lava Beds National Monument contains neither suiltable
raccoon habitst nor raccoons.

Mink are rare in the Klamath Pasin--none were sesn

§-2

along Lower Klamath and Tule lakes in 1970, for instance,

.

although the catiail-vulrush marsnes of Upper Klamath Lake
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and Hank's Marsh supported a sizeable population (some T5)

the same year (USDI 1970). In earlier years, however,
mink were common along the Lower Klamath marshes (Grinnell
et. al. 1937), and their reduction in numbers seems linked
with subsequent disruption of their habitat. Indeed,
Henshaw (1G17) reporied that large numbers of mink were
killed during the Lower Klamath peat.fires of the early
1800's,

Badgers, animals of dry, open country, are currently
uncommon in the Klamath Basin. Recent surveys have not
recorded these animals in the vicinity of Lower and Upper
Klamath lakes, although the uplands surrounding Clear Lake
supported about 30 in 1970 (USDI 1960, 1965, 197¢). 1In
the Lava Beds National Monument, badgers are found in the .
same general area as marmots, upon which they prey. Here,
they make their first sppearance in April and are last
seen in mid-October (Forsell 1961); again like marmots,
badgers are inaccessible during the winter in the Klamath

Basin, and any animals found archaeclogicelly in this area

],._.

must represent individuals caught between spring and early
fall. .

Striped skunks are very common along Lower Klamath
and Tule lakes, living in and utilizing the sage, grass-
lands, and marsh adjacent to thase lakes (USDI 1970).

Further south, they become rars, undouovtedly because of
>4
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the lack of permanent ground water in the area, and the
Lava Beds National Monument suprpcris these animals
primarily along its nerthern beoundary with Tule Lake
(Fisher n.d.; Forsell 1961). As might be expected, the
well-watered zones north of Lower Klamath Lake-- for
instance, the marshes of Upver Klamath lake--also support
sizeable striped skunk populations (USDIL 1970).

River otters, once common in northern California,
are now only rarely seen there (Grinnell 1933%). Currently,
they survive to the north of Lower Klamath Lake, living in
the cattail-bulrush marshes of Upner Klamath Lake and
Hank's Marsh. They are present but scarce in Lower Klamath
Lake, and, apvare tly, absent in Tule Leke (USDI 1965
1970). As with mink, there is little reason to doubt that
otters were more abuncdant in the undisturbed marshes of
Lower Klamath and Tule lakes in the past, since they are
more common in similar habitat to the north.

Even though consistently persecuted, bobtats are
relatively numerous in the Klamath Basin. 1In 197C, for

instance, they were noted in the sagebrush, grasslands,
and marshy areas surrounding lLower Klamath and Tule lakes,
as well as near Uppar XKiamath Lake and in the adjacent
nine forests {(USDI 197C}. Scuth of Lower Klamath Lake,
bobecats are common year-round vaslidents in the Lava Beds

ey

National Monument, where. protected from hunters, they
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play an important role in regulating the Monument's

rodents and lagomorphs (Forsell 19€1).

Artiodactyle

Reports of elk in the Klamath Basin are rare, even
though the Basin does contain suitable elk browse. Bailey
(1936), for instance, notes that although there are ample
records of elk along the western slope of the Oregon
Cascades, there are no such reports for the east slope.

In California, however, Murie (1951:22) reported elk "

the vicinity of Mt. Shasta,” while Miller (1874)--whose
reports may or may noct be trustworthy--described a winter
elk hunt in the same area. Reports of elk clcser to
Nightfire Island are even scarcer. In 1944, these animals
were reported to be in the forests Jjust north of Klamath
Falls, while in December of that year a solitary bull was
seen just north of Lower Klamath Lake {USDI 1344). Thus,
it seems that although elk are rare in the Klamath Basin,
they are not entirely absent, and it seems possible that

severe winters might bring--or might have brought--groups
D © e Lo ]

region decreasgingly attractive for these animals.
- 3 g - o - s ob Y oy At e
Muale deer are environmentally tolerant animals, the
severali Californian subspecies ranging from the deserts of
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Owens Valley to the dense, humid foresis of the Coast
Range. The large majority of northeastern Jalilornia mule

oileuz hemicnus
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deer are Rocky Mountain mule deer

3

.gemionus)——animals of the open sagesbrush plsins, open pine
forests, and lava beds. This habitat corresponds to that
in which mountain sheep used to live, and it will be argued
below that .the extermination of the bighorn in this area
brought with it an increase in the mule decr population.
The herd closest to Lower Klamath Lake--the Mt. Dome deer
herd--usually summers in the Highlands some 15 to 20 miles
south of the lake, moving down towards Lower Xlamath Lake
in the winter, augmenting the small resident population
there. Although the numbers of animals utilizing the
Lower Klamath. region vary from year to year, some 50 to
100 animals seem to be present in all seascns. The mule
deer population to the southeast is much greater: waile the
Mt. Dome herd numbers 80C, three herde to the southeast
and sast--the Glass Mountain, Bryant Mountain, and Devil's
Garden herdsz--consist of some 32,000 animals (Stutz and
Ward 1966; Stutz, Ward, and Brousgh 1967; [USDA 1564).
Although many of these animals live far south and east of
Tule Lake, the Lava Beds Monument, which supports 2 small
resident herd of somsz 50 animels, is part of the main
winter range for the Glasgs Mountsalin herd, and during these

months some 500 to L300 nuie asar may be found on the
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monument (Bloch 1962; Cshalane 1%51; Starr 19

-

. These

\) 1

mpressive numbers are probably not accurate indicators of
original mule deer densities in the area. Not only do
mule deer seem to have benefited both from the extermina-
tion of mountain sheep and from the lcogging of foregsted
areas, but many of their natural predators--covotes and
bobecats, for instance--have been reduced in number. Thusg,
the original mule deer population must have been smaller in
size than that of today. Indeed, "Acccrding to reports of
some early residents of the Modoc region...in the early
days, Tifty or sc years agc, mule deer were not at all

plentiful in the area...one could ride for a day without

2

seeing a deer in regions where similar excursions today

would reveal many of these animals" (Moffitt 1934:53).
It should be noted that while the deer herds

mentioned abeve consist primarily of Rocky Mountain mule

deer, there are a few Columbian black-tails (0. hemionus

columbianus) in these groups. Black-tails are primarily

animals of ithe dense forest and chapparal, but, with the
changes brought about by their differing environmental

adaptatiocns, are similar to Rozcky Mountain mule deer in

ceneral habits. I did not attempt to distinguish hetween

7

subspecies of mule deer in the Nightfire Island collection,
although such a distinction might be tenuously possible

2 4] e = s g Ty v A { 1 2 M &
with the proper cranial elements {Dasmann and Taber 1%
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Hall 1927; Starr 1934; Stutz and Ward 1966; Stutz, Ward,

At one time, there were some 30,000,000 antelope
North America. There are now some 355,000, of which
approximately 3000 are in northeastern California {Thayer

1970; Yoakum 1968). Although these few

&t

nousand must be

a pale reflection of the original abundance of antelope

P

n the area, the animals are nonethelsss relatively common
in the Lower Klamath region. There are currently two
separate herds found in this area: the Dorris hérd,
numbering some 50 animals, located to the west of Lower
Klamath Lake, and the Mt. Dome herd of some 200 or mocre
animals, whose summer and winter range is just south of
Lower Klamath Lake (0'Neill, personal communication; Starr
1934). Mt. Dome animals are freguently seen in the sage-
Lrush Just south of Lower Klamath Lake in both summer and
winter months, oiften coming up to the southern edge of the
lake for water or forage (USDI 1944, 1954, 1960, 1965,
1970). Antelope are rarely seen on the Lava Beds
Monument. Occasicnalliy during dry years, an individual

will move east from the ML. Domg herd down

Gillen's Bluff,
but such instances ars uncommon (Starr 1534).

Mountain sheep werz at one iime spread throughou

o

. o4 TIng A e o . 4 e oo 44y
the western United Ctates., living almost any place with

Hy

available rough, broken,

oraglng both
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in these areas as well as in the more open plains, their

o
4

habitat thus having much in common with that of mule deer

(Bailey 1936
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83  MeCann 1965; Ober 1931).

o

The lava beds southeasti of Lower Klamath Lake supported an

0

apparently sizeable population of bighorn until the late
1800's, but a combination of factors--overhunting
competition with domestic sheep for food, and decimation
by diseases caught from domestic competitors--led to the
extermination of mountain sheep in all of northeastern
California. In the Lower Klamath area, mountain sheep had
become very rare by the late nineteenth century, t!
known animal dying on the Lava Beds Naticnal Monument:

It is not generally known dbut the
last mountain sheep died on what is now
the Monument in the winter »f 1915. They
summered on Mt. Domp and watered at Willow
Creek on the Von Brimmer ranch under the
west side of the mountain. Normally they
wintered in the south half of TH6N, R3E
where the antelope now run. A severe

winter would have put them down onto the
”thtl- Lavas." Domestic sheep cleared
out the Little Lavas (Monument) ahead of
them in 1913, and too deep snow covered

there [sic] normal range f““%N R3E) so
the last remnant starved to death (Starr
1934),

This quotation sls¢ summarizes much of what is known
of the distribution of Mountain sheep in the Klamath Basin.
The znimels were apparently common near Mt., Shasta and
inhabited all rocky areas Lo the sast (Grinnell 1933;

Merriam 1921), and, a8 noted, there are reports of
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mountaln sheep summering in the vicinity of Mt. Dome,
moving east to the lLava Bede during the winter. In this
area, Tule Leke was used as a water source, as were the
lava tube caves of the area, in which drinking water
accumulated. In fact, Fisher (n.d.) reported that he had
been toid by "The Indians" that Indians (vresumably Modoc)

would walt by these caves, killing the animals with bow and

“
=

arrow as they left them. Like cother mountain sheep, these
animals probably wandered some distance from rough ground,
and it would be of interest toc know how close and how often
mountain sheep came to the area of Nightfire Island.
Judging from their habits elsewhere, it is reasonable to
assume that the sheep did wake the short trip from the Lava
Beds, or the closer Mt. Dome, along the ridges which led
north to and beyond the western edge of Lower Klamath Lake~-~
there is, for instance, a single record cf mountain sheep
being found north of Lower Klamath Lake (Jones 1950). It
1s, thus, possible that the inhabitants of Nightfire Island
had mountain sheep wandering literally in their backyard.
But immediately available or not, it is obvibus that a
short trip to the Mt. Dome ares would have put the
inhabitents of 4SKU inte an aves which supports, or
recentiy supported, sizeanie herds of mountain sheep, as
well a3 those of antelope and deer. Finally, it might be

added that an effort e reinticiuce mountain sheep to the
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Lava Beds Monument was made in 1971, and has apparently

L g 8 ki . T fe.. 4o . . -~ i) A L S o
been successful (Watson, perscnal communication).

&
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ightfire Island provided only c¢ne mammal which has
never been recorded for the Klamatn Basin--the bilson.
Although previously unrecorded for the area either
archaeologically or historically, however, there are
scattered reports of bison to the immediate east of the
Klamath area. Thus, Bailey (1923) noted records of bison
from the Malheur and Harney Lake area, while Merriam
(1926) stated that his Achomawi and Atsugewi informants
gave him what he felt to be reliahle records for many of
the grid valleys of Modoc and Lassen counties: ZSurprise,
Alturas, Hot Springs, Horse Lake, Eagle Lake, Pine Creek,
and Honey Lake valleys, and Madeline Plains. Bailey
(19%6) extended the Oregon finds to Warner Lake, and
argued that the asnimals Merriam noted probably came from

the Warner and Goose Lake Valleys. Finally, Riddell (1952)
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cport to Merriam's contentions that
there had been biscn in the northeastern Californian
valleys, and suggested that the western limit of bison
range be extended at least in Lassen County to the crest
of the Sierras. Thug, there sre falrly numerous reports
f bison to the immediate eact ¢f the Klamath Basin--
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the rest of north-



gastern California, this would put bison in historic Modoc
territory. At any rate, this historic distribution implies
that archaeological finds of bison in the Klamath Basin do
not necessarily imply a climatic regime any different from
that of today.

The dominant mammal in the Klamath Basin now is, of

course, man, and there is little reason to doubi that his

c'l

position in the Klamath Basin fauna was less significant
prehistorically. When whites first entered the Kliamath
area, they found the Lower Klamath Basin occupied by the
Modoc Indians, the Upper Klameth by ths Kloama
Although the precise boundaries of
are not precisely known, it is clear that these pestple

&

controlled the tulk of the land between Goose Lakzs on the

4]

gast and the crest of the Sierras on the west, the

northern boundary running along the Lost River, then nort!
of Lower Klamath Lake but south of the Klamath River,

while the southern boundary passed south of the bulk of

the Lava Bsds (see Figure 1). The Modoc thus had access

to the varied Lower Klamath evian and mammalian rescurces
ouvliined above., The use whicnh they made of these resources
has been detalled by Ray (1963}, and there seems little
reason to repeat that suwmmary here. Although adequate
lists of birds used by tue Modoc ars not available, Ray

(

186%) does provide sguch informsiion for the mammsls {see
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THE METHODOLOGY OF FAUNAIL ANALYSIS

Feunal analysis, defined as the identification and
analysis of animal bones from archa2eological sites, has a
long history in archaeological studies, as even a quick
review of the mid-nineteenth century establishment of the
reality of early man in the 0ld World soon reveals. None-
theless, it does seem true, as Olsen (1971) has pointed
that it it only during the past few decades that it

has become commonplace for at least brief faunal studies

N

to be included in archaeological site reports. -Certainly,

very few recent site reports by competent investigators
have ignored the paleoecological contributions which may
be made by faunal analysis, although the attention paid to
such analyses has varied from minimal (for instance,; Sears
1956) to meticulous (for instance, Flannery 1967).

Although historically important in archasology, it has

Tar (&' S <™ v S | Y T y e o - -+
cnly besn during the lagt 20 years or so that the metheds
used to conduct a faunal analysis have been given critical

examination. Further, these critical studies have been
somewhat limited in scope. Althoush much excellent

attention has been given ts the matter of identification

of bones (for instance, Chaplin 1971; Cornwall 1956;



Olsen 1960, 1954, 1968
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to the kinds of inferences concerning such

m
sex, and pathology which may be madsz from identified bones

b
Y]

(see, for instance, Chaplin 197 nd contained references),

s
fost

elatively little emphasis has been placed upon the
development of methods which would allow valid and reliable
analyses of faunal materiazal once single bones have veen -
identified and studied. Although a number of methods for
the analysis of animal bones from archaeological sites are
in use, none have really been subject to detailed scrutiny
as to their reliabllity and vallidity.

The most crucial decision which a faunal analyst
must make once.he is beyond the identification and
interpretation of individual bones and is beginning the
statistical analysis of his data concerns the choice of the

proper unit fo use in that manipulation. Of the several

63}

“

kinds of units which have been used, only two--the number
of specimens and the minimum number of individuais--have
gained much popularity.

It is certainly iemuiting to use the raw data of
faunal analysis-~the number of identified specimens per
taxori--as the unit of statistical manipulation in faunsl
studies, and a number of znalyses in both archaeology (for

a o e I R & v ol 08 e S T, 5 { " i "
instance, Thomas 19069 and palsontcliogy (for instance,

2.7 il abn ot e Ay ORI TR T SO T e
Wilson 1960, have proczeeded on this basis., Unfortunately,
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however, the use of the number of identified specimens
can be criticized on a number of grounds. First, and most

seriously, one never knows whether or not the units beiny

'J

g0 manipulated--individual bone fragments-~-are independent
of one another, whether or not one bony fragment has
preclisely the same original referent as 10 or 20 or perhaps
100 or more other such fragments. Clearly, the provable
interdependence among osteological specimens in an
archaeological collection constitutes an overwhelming
reason for defining and emplcying units which are
necessarily independent of -one another. Secondly, there is
little doubt that the use of numbers of specimens aicne,
even were that use not confounded by the problem of inter-
dependence of elements, simply does nct provide as muich
information, and aliow as many inferences, about a body of
faunal material as does the use of minimum numbers of

individuals. It is this fact, and not the more gerious

but generally undiscusse qublem oi' element interdepsndence,

hat has led to the great popu]arity of the use of minimun

In part because of the proplems associated witn the
use of the number of specimens as the analytic unit
i g - ) gy bl 8 1 x
953) advocated the use of an

alternative unit, the minimunm number of individuals, or as

at number of

s
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succinctly defined by Shotweli (1955:272), "t
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individuals which are necessary to account for all of the
skeletal elements (specimens) of a particuiar species
found in the site." White (19532:397) determined his
minimum numbers as follows:

The method I have used in the
tudies on outcherlng technique is
separate the most abundant element of
the species found (usually the distal
end of the tibila) into right and ieft
components and use the greater number
as the unit of calculation. - This may
introduce a slight error on the
conservative side because, without the
expenditure of a great deal of time with
small return, we cannct be sure all of
the lef'ts match all of the rights.

t might be added that not only are archaeologists
Joined by some paleontologists in their use of minimum
numbers (for instance, Shotwell 1955, 1958, 1963), but
also that the use of minimum numbers by paleontologists
greatly predates such use by archaeologists (Howerd 1.330;
Howard and Miller 1940; Stock 1929).
Once introcduced into the archaeological literaturs,

the minimum number of individuals became the prime unit of

e

few departures
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from White's original approach (for instance, the
expenditure by Flannery {106T7:157) of " 'a great deal of

b pe E .

time with small return' to see 1if all the lefts matched &gll

the rights.” It shoulid also be noted that while White
b T, (R X W o i i & A« re? W .
{1953, applied his gefinition of minimum numbers to



clusters of faunal material derived from either entire
single component sites or separate components of multi-
component sites, Flannery {1667:157) epplied that
definition to "bones from & given natural level or zone at
a particular site.") Shifts such as these are discussead
below. This rapid rise in the popularity of minimum
numbers in archaeclogical research is easily understood:
not only does the manipulation of these units allcw more
detailed inferences to be made from a collection of
osteological material than does the use of number of
specimens per texon alone, but minimum numbers can in turn
be uued as the basis of more elaborate techniques {for
instance, Thomas 1971). &nd, it must be noted, the use of

minimum numbers

(4

in faunal studies provides us with units
which are necessarily independent of one ancther, and

which may, therefore, be validly used in further statistical

44}
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manipulation if other atistical reguirements are met.

Although subject to widespread use, little critical
attention has been ziven to the use of minimum numbers by
archseclogists. Surprisingly, what no archaeologist

employing faunal analysis seems to have realized is that
the way the concept of minimum numbers has
been applied brings with it variaticn in the values of the
resuitant minimum numbers of individuals. And, examina-

+ ke o , 1 PoNr s bk TR ds} : _ ¢ Fe
tion of the literature reveals that there is no agreementc
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even no discussion) asg to how minimum numbers are

to be determined from archaeological datas, given White's

basic definition of those units. Specifically, there

turn used to define one or more "most abundant elements"
and to calculaste misnimum numbers.
Certainly, the cholces for determining such clusters

are limited. One can, for instance, uvuse all possible
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stratigraphic breaks, and then secondly subdividing that
material on the basis of the excavation units in which it
was found. Next, these small clusters of faunal material,

@

each representing cre vertical unit cross cut by a

.".)‘

orizental one, are used in calculating minimum numbers

\J

2

according to White's definition (see, for instance,

Cleland 1966, appendix C; Coe and Flannery 1967; Harris

1663%). This method of defining ansalytic units, which I

L

shall call the maximum distinetion technique, yields a

O

maximam account of minimum numbers of individuals.
If vertical excavation units are not felt to be a
proper means of organizing faunal naterial into analytic

groups, the calculation of minlmum pumbers might proceed

by examining clusterz of faunal material recovered in
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single strata or groups of roughly coeval strata without
regard to the excavation unit in which they were found
(see, for instance, Alexander 1963; Flannery 1967). This

procedure will yield minimum numbers which are less than

3

those determined by the first approach cutlined above, yet

4

more than those determined by ignoring botn stratigraphic

breaks and vertical excavetion units.

A given amount of faunal material will obviously

yield the smallest minimum number cf individuals if a1l the

material from the site i1s conslidered as a whole--that is,

145}

5 o de e
and excavation units ars

SR T

¢

if both stratigraphic breaks

ignored, and White's definition used to determine minimum

numbers from the resultant single, large cluster of
osteological remains, ermissable, perhaps, for thoss

sites in which stratigraphy is totally lacking, calculation
of minimum numbers in this fashion, which I shall call the
minimum distinction method, would seem to violate some
basic tenets of archaeclegical methodelogy where stratl-
graphy 1is present. Yet, examples of the use of this
approach in both ¢f these situations exist (see, for

shan (1956b) for an example in which

stratigrachy is present. and Thomas (1971) for an example
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will be affected by the way in which this material 1s
grouped into the larger clusters from which minimum numbers
are determined, and no less than three distinct approaches
to such grouping seem to be in use. The possible
consequences of these differences may easily be seen by
applying the two most extreme of these approaches--the
maximum and minimum distinction methods as defined abovge-=-
to a single body of data.

Analysis of the mammalian faunal collection from the
Panamanian site of Cerro Brujo provides an excellent
illustration of the magnitude of difference which can result
from the application of these differing methods to faunal
data. Excavated by 0Olga Linares of the Smithsonian Tropical
Research Institute, Cerro Brujo is located in the tropical
forests of western Panama about two kilometers inland from
the Atlantic shores of the Aguacate Peninsula, Bocas del
Toro (Linares de Sapir 1971; Linares de Sapir and Ranere
1971). Although the site is actually a group of five
"shell-midden clustiers within an area roughly one kilometer
in diameter" (Linares de Sapir 1971:32), the bulk of the
Cerro Brujo material cocmes from the largest and most
extensively excavated of these midden clusters, CA-3a.

CA-%a contains lwo successive occupations, the scantily
represented earlier of which, of unkncwn age and duration,

s e 1

contained a very small mammalian fsuna (some 13 identified



elements) and which therefore will not nliay a roie in the
following analysis. The second occupation of CA-Za seems
to have been quite short, six radiocarbon dates falling

between A.D. 960 and A.D. 985 (Linares, personal communicz-

tien), an occupationszl duration which, as Linares de Sapir

(19?1? has peinted oul, corresponds clogely to tne length

of habitation of modern Guaymi househclds in the sanme area.
Although of short duration, this ocecupation yleided somne
10,000 animal bones and bone fragments, as welli as almost
20,000 potsherds, together wlth a modest stone artifact
complement. It is the iden

SESEER

this second occupation which allows a2 clear demonstration

1

of the wvariation in calculated minimum numbers of
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individuals which results from the app
maximum and minimum distinction methods.

te the raw data Tor the ensurin
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analysis. This table shows the total numbers of identifie

elements, by eliement category., for each of the fourteen

speclies of mammals identified from the later occupstion of
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within that square. Only then were minimum numbers of
individuals calculated for each of the resultant clusters.

This calculation-~-zs well as that to be described below--

]

ollowed Fiannery's modification of White's minimum numbers

that is, I was careful to see that all lefts did matech all

de

rights as regards age and size. This approach re ”al+ed in
the minimum numbers seen in Table 8.

Once minimum numbers had been determined using maximum
analytic distinctions, I recalculated these values according
to the minimum distinction approach. Thus, I treated the
entire later occupaticn of the site as one large unit and
derived minimum numbers by applying Whitels amended
definition to this large body of faunal material (see Table
8). A rather large discrepancy between the values yielded
by identical material using these two different methods is

cally portrays these differin
E

}.I..

obvious. ‘Figure 2 graph:
results, while Figure 3, based upon the percentages provided
in Tavle 8, demonstrates that differences remain even when
the minimum number values are normed.

It might be objected that the differences seen in

o ]
]
L

Figure 3 are not great and, furthermore, that the differences

in minimum numbers yielded by the maximum and minimum
distinction methods are on the order of those which might be
szpected if identical populations were sampled twice-~-that
is, that the minimum distinction zpproach has simply provided

-

the same population sampled by
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the maximum distinction epproach. To tesi the proposition
that there are no significant differences between the
results of the two approaches, the minimum number of
individuals of all taxa were compared, by analytic approach,
using chi square. To meet the expected frequency require-
ments of this test, those species whose observed minimum

numbers for both technigues summed to less than five were

combined (Didelphis, Mezama, Caluromys, Marmosa), providing

)

a 2 x 11 contingency table. The resultant chi square value

of 26.4 is highly significant (p < .0l), indicating that

o

the two sets of data are indeed significantly different.

These differences involve, of course, a shift in

e

relative species abundance between the two aepproaches, a
shift which may be seen by examining the fluctuation in
interval sizes between species categories expressed as
percentages. Figure 4 plots this fluctuation in interval
size, the interval sizes themselves having been obtained by
subtracting the appropriate percentages presented in Table 8

(for instance, the Dasyprocta-Agoutli interval size for the

maximum distinction approach is 26.7%).

The fluctuations in relative interval sizes may or
may not be great enough to bring about a change in ordinal
abundance, or in the ranked orders of species. To test
whether or not ranked orders &g well as intervals had been

affected by the analytic methods employed, I correlated the



rank orders of species abundance as determined by the
maximum and minimum distinetion approaches using Spearman's
rho corrected for ties. The coefficient obtained, 0.94, is
highly significant (p < .0l1) and indicates that although
some minor rearrangements of ordinal abundance have occurred,
these rearrangements are not statisticalliyv significant.

The immediate implications .of this analysis seem cle
minimum numbers of individuals when calculated according to
different methods of grouping data are not necessarily
comparable. Spocnfwcaljy of the three kinds of measures
examined here--absolute abundance, "interval scale" relative
abundance, and ordinal abundance, only ordinal abundance
seems to be unaffected significantly, in this instance at
least, by cshifts in analytic approach, while measures of
absolute abundance and "interval scale" relative abundance
may not be assumed to be validly comparable when such
measures have been derived from differing methods of
analyzing faunal material.

Finally, perhaps the clearest implication of the

Cerro Brujo analysis is the need for a standardized approach
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manipulation of faunal data. ©Such a standardization
should be easy to reach. since both the maximum and minimum
distinction methods seem to centala major drawbacks for
most faunal analyses. On the one hand, the minimum

3

distinction approach igncres the stratigraphic breaks which

<



On the other hand, the maximum distinction method utilizes

a totally arbitrary mechanism, the excavators' separate

excavation units, as a basis for determining minimum numbers
and in so doing assumes that the remains of individual
animals will not be distributed across several of these
units. The remaining approach--that which ignores the
boundaries of excavation units but utilizes those presented
by stratigraphic divisions--~thus clearly emerges as the
best of the three methods for determining minimum numbers.
There may, of course, be situations for which one of the
oﬁher methods 15 ¢ clearly superior, and in such instances the
researcher shoulid certainly use that alternative method
which seems most appropriate. But, in so doing, he should
make the reasons for this choice explicit and most certainly
should not discard any data which would allow a later
reeva tion of his cecllection.

Given these suggestions, two methods of minimum

number determination seemed plausible for the Nightfire
Island avian and mammalisn remains: 1) determining these
values from the clusiers of faunzal material found in single
strata, or, 2) making these calculations from clusters of
faunal material coming from groupse of roughly coeval strata.

The first approach was rejecied vecause of the nature of
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SK aphic divisions. 1 the field,
allest visible strata,
strata is

many of the 4SK4 stratigr
according tc the sm

the reality of many of <these

ional meaning of many others

basis

but, in retrospect
depositional
these units ¢

data were collected

~

in doubt; while the
seems unclear. Since the use of
of miniman number determination might involve serious over-
estimation of these numbers, it was decided te determine
minimum numbers of individuals from clusters of faunal
ed from grcups of roughly coeval strata.

e recover
Such groups are provided by the 16 excavation levels,
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geomorphological and cultural data.
m nun proceeded as follows:
gingle

it, and minimum

Determination of minimum numbers
stiata within
ological remains

faunal material from all th
treated as a single un
of

the 1
excavation level was t
numnbers calculated from this clusiter
teri

Thite's definition

was careful to see

rds age and size
levels st LSK4, there were
remains from which
infoermation so

o
Ch

numbers, but,
reg

cf minimum
all lefts matched all r

that
Because there are 16 &
16 clusters each of mammalian ané avian
ninimum numoers were thuas determined The
derived forms the subjiect of the next chapter.



CHAPTER %

THE AVIAN AND MAMMALIAN REMAINS FROM NICHIFIRE ISLAND

Nightfire Island yielded 7403 identifisble avian and
mammaliian bones 2nd hone fragments., Of these identified
remains, 430 elements {228 gvian and 200 mammalian) were

located in strata which- cannot at the moment be placed in
the excavation level seguence derived fcr the site. The

analysis of the remaining 5593 avian and 1380 mammalian

My approach for each class of remains is similar:
first, certain éspécts of identification are discussed, after
which the inferences wnich the data seem to support are
presented under three headings--seasonality, continuity and
change in faunal uvtilization, and environmental implicatiocns.

il 2

n this fashion, then the

l«)n
s

The avifaunc are Ffirst examined

b

‘
3

sults of the avifaunal and
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mammals. Finally, the =
mammalian analyses are combined to present a phase by phase

e

description of Nightfire Island.

Avifauns

e £ S 7

e identified avifaunal remains are summarized in



specimens identified per bone type for those speciez. Table
14 shows the distribution of elements by species Tor each
of the 16 excavation levels present st Nightfire Island.
Finally, Table 15 presents the minimum numbers of individuals
calculated from the raw data, by level and phase.

With one exception, all of the avian remains were
scattered across the levels in which they were found. The

le burial from level 9

CEd

U

almost the entire bird was represented, with the exception

of the skull which may either have been removed before

T ot = 7 258 et ™ o 5 T E |
burial or simpiy not have been preserved. It should be

noted that five of the six golden eagle elements in level
10 were assocliated with this burial and thus do not revresent
a separate individual from this lower level.

A few comments cn the levelc of identification achieved
for the wzterfowl are necessary. Although the identification
of bird bones is often difficuli, this difficulty is greatest--
for the situation at hand, at least--with the waterfowl,

3

Until recently, little work had been dcne concerning the
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Although Shufeldt (190G) made

based upon inadequate camples cf avian skeletons, and many

of his paleontologicel identificaticons have been gquestioned
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her classic study cf the Emeryville Shelimound svifauna,
chose not to attempt to identify any of the waitevfowl

because of the inscdequate nature of the available comparstive

material. Improving skeletal collecticns and increased

tions of Anatld csteclogy, the most notable of which is
Woolfenden (1961). Woolfenden's work--a discussion of the
"Postcranial ostecleogzy of nearly zll the genera of waterfowl
of the world" (1961:1)--now stands as the basic reference
for work with the comparative osteology of these birds

~

Woolf

,)

&.bili tJ O.L mar .Ly (..«f La 5

b

rhasized the extrene var

(L‘

nden en

-

postcranial elements of many of the waterfowl and, with rare
excepticn, my studies of large collections of restricted
waterfowl taxa support his conclusiocns. Thus, while some
of the Nightfire Island geese could be identii

generically--Branta canadensis canadensis 1s easily

recognized because of its great size., while the characters
analyzed in Woolfenden {1961} and to some extent in Miller
{1937) allcw separation of some of the elements of the
genus Anser-~I found most of t
to this level. Elements which at first appeared identifiabl
slmost always lost thelr distinciiveness when the number of
conparative specimens was increased.
Similar strictures apply to ducks of the genus Anas.

The difficulties involved in identifying different species
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of this genus are well discussed in Woolfenden (1961)
{(Woolfenden considers many of these different speciles to
belong to different genera.) A&fter studying large compara-
tive collecticns of these tirds, I decided that the only
reliable identifications that could be made were those

based upon size: both the mallards and teal are clearly

E’

distinet in this dimensicn, while all remaining,

intermediate-sized ducks of the genus Anas--gadwall, pintail,

baldpate, shoveller--were placed into a third category.

Although in some instances the ccoracoids of blrd» in this

ct
(7]

separation, I fel G
uncertain about the reliability of this separation that I
decided to merge them. Nonetheless, all four do seem

represented in the collection.

The pochards, birds of the genus Aythya, presented
similar problems The canvasback was fairly easilj

rooust than those of other members of the germs. The veal
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problem emerges with the sepa remaining species.

The most readily identified slements for these birds I

et
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found to be the coracoid, an element of the pectora

The coracoid of the closely related, and at times inter-
breeding (Delacour 1859; Mayr and Short 1970 question these

records, however) lesser and grester scaups 1s characterized
3 / =y

by a relatively poorly marked ridge of bone surrounding the
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furcular facet (see Howard 1929

£
In the redhead and ring-neck, this ridge is ustelly raised
higher above the central part of the facet than it 1s in

the scaups (and canvasbacks), so that while the central

area of the facel is relatively wide in the scaups {(and
canvasbacks), it is relatively narrow in the redheads and
ring-necks. The ring-neck can te separated Prom the red-
head on the basis of the furcular facet, which is both
narrower and shorter in the ring-neck than it is in the
recdhead. In this respect, the coracoid of the ring-neck
approaches that of the dabblers {(Anatini) more closely than
does that of any of the other North American pochards. The
greater and lesser scaups are extremely similar and,

although the greater scaup tends to be more robust than the

lesser, the overlap is 50 great that even though most of the
scaup from Wightfire Island seem to be lessers, relisble

separation does not seem possible,

I did not find the other elements of the genus Aythya
to allow identiflcation &z reliable as that allowed by the
coracelds. Indeed, the remainder of the post-cranial

- o i S e o 5 ¥
material fits very well with the scaups

E - s 7y Bl & IR I S
the lesser scau Ring-necks having been positively
identified from the coracoids, however, it is undoubtedly

3 2 3 o A % PP e ¢ " ' sy ' %
true that some of the peostcranial material recorded with
I e S L T R P N R et S e 7+ vy o) v i1
the scaup comes from this bird, And, slthough no redheads
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were identified from the collection, it is most certainly
possible that some have gone unnoticed among the non-

coracoid pochard remains.
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ain why, in Tebles 9 through

14, the ring-necks are identified only by coracoids while

the other identified pochards are represented by a full
range of osteological material. Clearly, the figures
indicated here are an overrepresentation of the number of
scaup elements actually present. Fortunately, because
coracolids are in almost every instance the most abundant

2.

element of Aytha, and thus played the major role in

determining minimum numbers of individuals, these problems

>

of ldentification should have minimal affect upon the

species. Wnile such identifications may be possi

* be reassonably extended into the past--or

th very large ccmparative collections, they are impossibie
when the comparative maleriel consists of only one or a few
individuals. Unfortunately. the smaller the comparative
collecticn, the easisr identificuztion seems, though the

more inaccurate it ie likely to be. As the comparative
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those which remain

reliablility.

those who attempt w

those who attempt t
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aterfowl identification, as well as for
0 interpret the identificaticons of others.
“ 2 AT T « .
zed in Chapter 2 that the Klamath Basin
s = . 1 b o, \v b a1 -2 - i
zation by birds that cnly ravrely is any

one avian species found there during restricted months of
the year only. As regards the avifauna from Nightflire
Island, only six of the %4 identified species allow any
statenments concérning occupational seasonality at the site:
1) levels 6 througn 1% and 15 contain horned greve and,
thus, evidence for human occupation between March and August:
2) whistling swans in levels 2, 8, 9, and 12 suggesi an
cccupation between October and April for these levels;

3) an occupation between October and MHay is suggested by

the presence of goldensayes in level 12; i) the snowy owl
identified from level 7 provides evidence for at least a
winter occupation at thnie time; 5} the presence of a
herring gull in level 12z sBuggests an occupation between
September and February for that lsvel; &) finally, levels
T: 9, 11, 12, 14, 15, and i6 yielded red-breasted mergansers,
pirds present in recent years as spring migrants but which



may in the past
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d wnich suggest spring
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overrepresented in thase 3 (where they form 4 % of the total
number of avian individuals) and slightly underrenresented
in phase 2 (where they account for 2 % of the avian

individuals), representational shifts which are significant

3

at the .01 level. his one significant difference,

involving as it does cnly 28 individuals spread across 6

p ¥

fts
no

avian familiesg different phases, would not seem to have

meaning bevond implying a slightiy greater emphasis upon

utilized--ducks, geese, swans, grebes, and coots--as well
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23 in the relative emphases placed upon thnese groups is thus
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Perhanps even more interesting than this continuitiy in
the major kinds of birds being utilized is the continuity

which nay he seen in the bias which this utilization

displays, It has been shown that the modern Lower Klamath
avifaune is heavily weighted numerically in favor of non-

diving waeterfowl, these birds outnumbering theilr diving
relatives by a yearly average of 20 to 1. If we assume
these ratios to be indicative of past Klamath Basin

conditions, then random samples ¢’ the water



Nightfire Island waterfowl (Anatidae), by level. A
persistent vias against non-divers is immedialely asvident.

In only three levels--6, 8, and 9--do the non-diver/diver
ratios approgch the lowest modern monthly values, while in

all other levels, every modern monthly ratio greatly exceeds
those seen for Nightfire Island. Indeed, as will be seen
below, levels 8 and 9 clearly do not represent summer
occupations only, and comparisons between the ratios derived
for these level:z: and those low values obtained for the summer
months are not warranted.

Comparisons of modern and archaeological non-diver/diver

731l not help in

le

ratios for waterbirds cother than waterfowl v
defining similar biases for these other waterbirds because,
as seen in Chapter 2, non-divers form such a small part of

this component of the modern avifauna. Nonetheless, it does
seem significant that at Nightfire Island these other water-
birds were represented only by divers, with the exception of

three white pelicans and a single herring gull scattered

through phases 3, 4, and 5. Although rare in comparison to °

2

their diving counterparts, non-diving waterbirds other than

waterfowl are nevertheless present in sizeable numbers in the

modern Lower Klamsth Basin (see Table 5), and their almost

-7

B

a1l absence at 48K4 would seem to result from the same

N

cot
bizs against non-divevs defined Tor the waterfowl.

oy 7  J e Y S s T o TR T, L " i q
Although diving weterbirds thus sesm overrepresented



throughout Nightfire T

sland, the magnitvude of this over-
representation varies through time, and these variations
eem to provide a teol for analyzing past environmental
changes in the Lower Klamath area. These shifts in bilas
may be seen by examining changes in both absclute numbers
and relative abundance of avian forms throuvgh time,
Examination of the minimum numbers shown in Table 14

non-divers--the

=

reveals that the two major categoriec o©

surface ducks and the geese--reach clear peaks in level 9,

phase 3. Figure £ plots the abundance of all non-divers

D
m
ot
W

by level, and demonstrat

a
numerical peaks in levels 7, 8, and 2, phase 3. On the

,l
other hand, examination of the distribution of divers seen
in Table 14 reveals that the grebes, coots, and diving ducks

.

reach their peaks in levels 11 and 12, phase 2. Figure 7

plots absolute abundance of all divers by level, and shows

the numerical peak reached by these birds in levels 11 and

Approached in more general terms, Table 17 shows the
relative sbundance of all non-diving and diving waterbirde,
as well as all other birds, by rhase, while Figure 8 plots

this abundance. Not only is the preference for ving birds

throughout the history ¢f the site seen here, but also

clearly shown is the break between phasez 2 and 3 implied

= e i Y Rar L G £ 1 P TIPS, T T Ta— T e LT v [ e
b,\f oo anaiysis 01 TN apsosute numbers ol waterbirds.
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While phase 3 sees the relatlive abundance of non-divers

] &y Aree - k) ~ o~ -~
2 contains an avifaunal collection

(,’3

reach its height, phase

composed of some 94 % diving watervirds! Inportantly

&

Figure 8 also shows that phase 1, too, was characterized by
an intense utilization of diving waterbiyds--some Gl % cof
the individuals of the total avifaunal sample of {his phase
are divers.

While interpretations of this analysis are to be
offered shortly, a summary of the evidence for continuity
and change in the utilization of avifaunal resources by the

- -

inhablitants of Nightflire Igland might e of some value.
Although a total of 13 avian families are represented in the
LSk onl¢actlon, % of these families--Anatidae, Podicipedidsae,
and Rallidae--provide well over 30 % of the total number of

avian individuals in every phase, the differences in

v

utilization of these families from phase tc phase heing
statistically insignificant. The continuing use of these

groups 1s accompanied by continuing bias in their use:

Lo
m
o

throughout the history of the site, there strong bias

towards diving birds and against non-divers, & bilas which

supports the picture cf continuity suggested by the general
attern of avifaunal family utilization. Finally, even

though these continuities exist, impressive changes in the
importance cf divers and non-divers through time may be

-

A3 v <y 5 i L aves v o i- r, | —n - 3
demonstrated: while divers are always in the majority. the
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magnitude of this majerity shifts through time, reaching

impressive peaks in phases 1 and 2, declining in phases
and 4, and undergoing 2 modest upswing in phase 5. Each of
these aspects of continuity and change in trne utilization

of the Klamath Basin avifauna will zllow inTerences as Lo

cultural and environmental continuity in the Lower Kiamath

Environmental Implications

The Nightfire Island avifauna allows inferences
regarding two aspects of the prehistoric Lower Klamath
environment. First, the kinds of birds being collected by
the residents of 4SK4 allow statements as to the nature of
the past vegetation of Lower Klamath Lake, and second, the
pattern of collection of those birds permits ststements to
be made concerning the changing depth of that lake.

* Lower Klamath Lake is able to support huge waterfowl
populations .because of its extensive bulrush and catﬁail
marshes and large supplies of aguatic vegetation and small
fish. Almost all of the waterbirds present at Nightfire

erred hapitat lakes with extensive tule
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aguatic vegetation (Anatidae,

S T | N g P ot E . P J ey N2 3 . 3 o
Fulica) or small fishes {Podicipedidae) or both form the

L PR e - L T p { A G o 4 - p s
vasis of these birds' diet (for the Anatidae, see Benl 1623,
1925 Deswson 192%; Delaccur 1834, 1956, 1959 Grinnell



and Miller 1944; Grinnell, Bryant, and Storer 1918;
Johnsgard 1968; Kortright 1907; for the cocts, see Bent
1926; Bailey 1917; Grinnell and Miller 194L; Grinnell,
Bryant, and Storer 1918; Gullion 195%; for the grebes,

see Bent 15919; Dawson 1S
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Grinnell and Miller 1944: Palmer 1952). Without these

marshes, or without elither extensive supplies of aquatic
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vegetation or food fishes, the nature of the
Lake avifauna would be greatly changed. Thus, the presence
of abundant waterfowl, grebes, and coots throughout the

rongly

ck

almost 6000 year history of Nightfire Island s

implies that the lake throughout thls period of time has

been characterized by the presence of bulrush-cattail

-+

marshes, luxurious growths of aquatic vegetation--such as

-

pondweeds--and large numbers of small fishes, Finally, the
presence throughout the history of the site of birds such
as swans, pelicans (Grinnell and Miller 1944; Palmer 1962),

and geese, as well as the pochards, which prefer lakes with

large expanses of open water on which to rest or escape
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much of the avifauna sither lined the shores
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y Or were
interspersed between, large bodies of open water, or both.
For at least the past £00C years, then, Lower Klsmath Leke

seems t¢ have been characterized by luxuriant bulrush and

cettall marshes
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supplies of aquatic vegetation, and many small fish. Great
stability in the nature of the lake regarding these
attributes is thus implied.

This stability as regards the presence of marshes,
open bodies of water, and waterbird food supplies does not,
course, imply that other general attributes of the lake
changing. An unchanging Lower Klamath Lake through
6000 years would be somewhat surprising, although the nature
of whatever changes may have occurred might be difficult to
discern with the avifaunal--or avifaunal and mammalian--
materials alone. Nonetheless, the birds seem to 2llow some
statements concerning changes in the depth of the lake
through time.

A clear distinction in water depth preference mey bhe
made between ducks of the genus Anas and ducks of the genus
Aythya. Ducks of the genus Anas feed either by dabbling,
swimming along with their bill cutting through the water,
cr by tipping, remaining on the surface cf the water but
tipping the tail into the air in order to feed on the botion.
Because of their feeding hebits, these ducks prefer
relatively shallow water. Ducks of the genus Aythya, on the
other hand, feed by diving--canvasbacks, for instance, will
dive 30 or more feet bsneath the water's surface for food.

hey are excellent divers and but rarely tip for food,



This relationsnip between the dabblers, divers, and
water depth allows the inference that a decrease in dabblers
and an increase in divers in samples collected from Lower
Klamath Lake should represent an increase in water depth.
Further, if this inferred relationship is correct, then
aother avian indicators of water depth should change
accordingly. Specifically, an increase in water depth
should bring with it an increase in the number of all
diving waterbirds--for instance, loons, grebes, and
mergansers--while a decrease in water depth should be
accompanied by decreasing numbers of divers and increasing
numbers of non-divers.

It is precisely these changes, of cchrk,, which wers
established in the preceeding section, and which may be

seen in Figures 5, 6, and 7. These shifts~~the tremendous

importance of divers in phases 1 and 2 followed by a

3

elative and absolute dacline in their numbers and the rise
in importznce of non-divers 1n phases 3 and L--seems to
indicate that during phases 1 and 2, between approximately
4000 and 2200 B.C., Lower Klamath Lake had water levels
deeper than those which it had during phases 3 and 4,
between approximately 2200 B. and A.D. 1000, after which

S ~ '-— - ! - e . T - et . - #
time the third shirt in non-diver/diver ratics mey Imply a

shift tcwards siigntly desper water levels. At the moment,
4 4o+ 2 N 4 -, ) TSt SN I N S | I ot o sa
at least, it 1s in this fashion that ihe changing ratios of

R & 5 o 0 N NP e
non-diving and diving waterbircde seem best understood.
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In short, the hypotheses which the Hightfire Island
avifauna suggests are as folliows:
1) throughout its approximately 5000 year histery
represented at U4SKY4, Lower Klamath Lake has supported

extensive marshes, presumebly of cattail and/or hardstem

2) throughout this period of time the lake has
alsc supported luxuriant growths of other sasguatic vegetation
which in turn have provided food for the plant eating water-
birds, such as the dabblers, as well as large stores of smail

.

fis large anumovers of such birds as
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mergansers and grebes;
3) the depin of Lower Klamath Lake has fluctuated
through time. having Leen:

relatively deeper between 4000 B.C. and

N

2200 B.C.3

bh) relatively shalliower between 2200 B.C. and
A.D. 1000; and,

¢) apparently returning to slightly deeper

levels between A.D. 1000 and 1400.

hypothesis to be tested on the basis of all other pertinent
availablie dava., As ragerds the dasta from Nightfire Island
itself, the mammalian. piscine, asud minute reptilisn and

3 - 2 2 B

amphivbvian faunas, the pollen data, and the artifacts should
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all help in confirming or disconfirming these hypotheses.
Of these several groups of data, only one--the mammalian

fauna--has as yetl been ansalyzed.

Mammals

The identified mammals are presented in Table 19

1,

through 25. In Tavles 19 through 23 are shown the specles
identified for each phase as well as the number of elements
identified per bone category for those species. Table 24

shows the distribution of identified elements by species

wn

)
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for each of the 10 Nightfire Island levels. Finally, Table

Y
o

13

25 presents the minimum number of individuals calculated
from the raw déta, by level and phase.

The Nightfire Island mammals did not present problems
of identification as serious as those provided by the birds.
The canids proved most troublesome: although wolves were
readily seraravle from domestic dogs and coyotes, the latter
pair could be separated only with difficulty. With the
fortunate exception of many of the mandibles and teeth,
almost all of the dog and coyote remains were highly
ragmentary remains often were not
reliably identifiable, although more complete specimens
frequently were. The Nightfire Island dogs tended to be
slightly more ruggedly bullt than the similarly sized

coyotes, with slightly larger muscle attachments and more



greatly curved liong btnes: using these characters, most of
the fragmentary postcranial material was thought to
represent dog. Assignment of the mandibles and teeth,

which were usually readily identifiable using characters
presanted in such works as Allen (1920), Gidley (1913), and
Lawrence and Bossert (1967}, supported these identifiications.
Unassignable fragments are indicated in the tables as

[ (O !!:

Canis spp

these elements represent either coyote cr dog,

not wolf.

Seasonality

0f the 23 mammalian taxa identified from 4SK4, only
two shed any light on occupational seasocnality at this site:
1) the presence of badger in levels 5, 7, 9, and 16 argues
for an occupation during spring and summer months for these
levels; 2) the presence of marmots in levels 8, 9, 10,

and 12 suggests an occupation during spring, summer, or fall

Continuity and Change in Mammal Utilization

guantitative data availsble Tor
the modern avifauna cf the Klamath Basin are not available
for the mommals, matters of continuity and change in the
use of the region's mammalian fauna by the occupants of

Nightfire Island are more difficuli to define than they are
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for the avifauna. Nonetheless, there do szem to be a
number of ways in which these patterns may be defined.

Of the six mammalian orders currently found in the
Klamath Basin, lagomorphs, rodents, carnivores, and
artiodactyls were used by the occupants of Nightfire Island,
while insectivores and the bats were apparently ignored.

The pattern of utilization of these orders is stable:

Table 26 shows the relative abundance of mammalian orders
by phase, while Figure 9 plots these abundances. Although
the fluctuaticns from phase to phase are greater than those
seen for the avian families (since sach of these avian
families was the only representative of their respective
orders at U4SKL, Figures 5 and 9 are comparable), the
mamnalian samples are also smaller, and chi square evalua-
tion of the fluctuation of the minimum numbers of individuals
upon which these relative abundances are based indicates
that none of the fluctuations between adjacent phases are
greater than those which would be expected by chance at
even the .20 level of significance. Use of these large

ime.
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mammal groups thus remains stable through
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Stability in the

W

of these large groups may or may

o
7

not imply stability in the use of the individual taxe which

»

J
D

make up these large groups. To test the proposition that
the stability of entire orders through time was matched by

stability in the use of the component taxa of those orders,
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depending upon the level of ide
each order by adjacent phases to see if these phases could
shed from cne another by changing repreéentaﬁion
of specific taxa. All possible within-order combinations
were tested either by Fisher's p (279 comparisons) or chi
square (5 comparisons). Only two of the 284 species-pair
comparisons were significantly different, both of these

involving an overabundance of Spermophilus in phase 3--an

overabundance whiqh, it will be argued, is best understood
as & natural, not a cultural, phenomenon. These non-
significant relationships provide strong support for the
assertion that use of mammalian species within orders
remained stable from phase to phase.

Less meaningful is the comparison between kinds of -
mammals used historically by the Modoc and those used by

T

the inhabitants of Nightfire Island. As we have seen, the

Modoc used almost every larger snimal of the Klamath Basin

as food: it should not be surprising, then, that with five

F‘b

exceptions a2ll of the Nightfire Island mammals were also
taken by the historic Modoc.

Three of these exceptionsg geem of little significance.
Although not reported as having been used by the Modoc,

mophilus, Microtus, and Peromyscus are best understood

in this context as being "natural" and not "cultural" bene
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{sensu Thomas 1971). Almost all of the Spermophilus
material appears fresh and unstained, whiie, as will be

shown below, the distribution of Microtus is significantly

top-heavy--greatest in the upper levels of the site,
decreasing rapidly towards the bottom. These facts suggest

is to be explained not

K.J

that the presence of these two forms

te

by their having been utilized by the imhabitants -of 4SKY,
but instead by their having burrowed into that site while,
or even after, it was occupied by humans. Peromyscus was
probably present for similar reasons.

The other two exceptions are not zo easily explained.
The Modoc treated their dogs as pets, and would avoid
eating them evén in times of famine (Ray 1963). With rare
exception, however, the Nightfire Island dog remains are
fragmentary and are found scattered through the site in the
same fashion as the other mammalian remains: there seems
to be no reason to assume that these remains represent other
than remnants of consumed animals

The exceptions to this scatiered distribution are as

follows: 1) the clustered remains of a large, immature
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ardé mandibular condyle--found in level 15, phase 1; 2) the

cervical, thoracic, and lumbar vertebrae, ribs, scapula,

» &

humerii, femur, tibia, gkuall apd mandible fregments, as well



as various teeth--whose stratigraphic position within the
site is not understood; 3) a fragmentary but essentially
complete skull from level 9, phase 3; and, 4) a2 beautifully
preserved skull also from level 9, phase 3. None of the
other dog remains were accorded preferential treatment.
The implication would seem to be that the Modoc aversion to
eating dogs is late, post-dating the iatest occupaticn of
Nightfire Island at approximately A.D. 1400.

Although eastern North American Indians not only ate

ogs but specifically raised them for that purpose, dog

Cos

eating was not common west of the Rockies. Among the few
tribes of the northwestern United States who did eat dogs,
however, were the Achomawi and the Klamath, the. southern
and northern neighbors, respectively, of the Modoc (Driver
and Massey 1957). Assuming that dog eating among the
Klamath and Achomawil has some time depth, the Nightiire
Island remains indicate that in protohistoric times this
trait was spread from the Achomawi through the Modoc to the
Klamath. Although it would seem futile to speculate about
the source of the Modoc prohibition against eating dogs, it
might be noted that the Mcdoc's eastern and western

did not eat these

The only cther mesmmal taken by the Nightfire Islanders

but not by the historic Modoe was the bison, present in
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phases 3, 2, and 1, 4000 B.C. to A.D. 0. These animals

represent the only Bison bison reported Trom the Klamath

Basin archaeologically or otherwise. Their presence,
however, is not greatly surprising: as noted in Chapter 2,
bison have been reported historicelly from many areas of
eastern Oregon and California, including several valleys
guite close to the Klamath Basin. Whether or not the g
Nightfire Island bison represent animels actually taken
within the Klamath Basin, their presence does not necessarily

imply a climatic regime greatly different from that of today.

fie

g

The impression which the mammalian remains prov1de is
one of the great stability through time in the utilization
of the mammaliaﬁ resources of the Klamath Basin. Phase to
phase artifactual shifts are not accompanied by shifts in
the use of the four mammalian corders which provided all of
the mammal species taken by the Nightfire Islanders; 1indeed,
there are almost no statistically significant shifts--and

no culturaily significant cnes--from phase to phase in the
pattern of use of the component taxa of these orders. Bison
comé and go but certainly the historic Modoc, who were so
cathclic in their use of their territory's mammalian fauna,
would have taken bison were they present. And, dogs, never
eaten by the hisforic Modoc, were eaten throughout the

hsitory of the Nightfire Island, but this change does not

seem & dramatic one, implying as it does that at one time
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the Klamath, Modoc, and Achomawl were more similar in this
regard than they were at contact. Indeed., thls late Klamath-
Modoc divergence in dog eating might even be used to bolster
the argument first forwarded by Gatschet (1850) that the
political split between these twe groups was relatively
recent. The implications of the Nightfire Island mammalian
remains, thus, are of strong continuity throughout the

occupation of Nightfire Island in the utilization of the

area's mammalian fauna.

Environmental Implications

The mammalian remains -from Nightfire Island do not
imply any greaﬁ environmental changes in the Lower Klamath
Basin during the past 6000 years. A modern mammalian fauna,
with the exception of bison, was present during the earliest
occupation of the site and, as noted, not even the bison,
which are gone by A.D. 0, necessarily imply a climatic
regime much different from that of the present. Within-
order patterns of mammal representation remain very stable
and would seem to imply corresponding environmental stability.
All of this does not necessarily mean., of course, that the

environment was not changing through this period of time,

but implies instead that if the Klamath Basin environment
was changing, these changes were not such as to be reflected

in the use made of the area's mammals by the inhabitants of
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Nightfire Island. The bypothesis forwarded on the basis of

Paunal data, that the neriod of time between 4000 B.C.

i
e
P
s.‘-)
M-
K‘J

ant 22C0 B.C. in the Lower Klamath area was & period of

whug neithser

i

incresased depth of Lower Klamath Lake is
confirmed nor disconfirmed by the mammalian data: 1t is
simply not tested by them. While the lake depth mey have
been changing, whatever was causlng these changes did not
greatly affect the use made of the area's mammals by the
Nightfire Islanders.

A few other comments concerning tne mammalian remains
may be made. First, a superficial examination of the
minimum numbers provided in Table 206 might suggest tnat
mammal utilization was most intense during phase 5, with
these animels of less importance before and after that time.
To test whether or not this was, indeed, the case, 1

mamnals for each phase This

3

I did by estimating the duration of each phase in years

from the radiocarbon dates:;  where these dates indicated

b

Ay,

one phase ending before ancther started, I assumed

slaced at A.D. 1400. TFhase lengths so caleculated were as

follows: phase 1, 1100 years; phase 2, 700 years: vphase
b 4 TATEY wroieyiey e v i R = NE A e e Wby o = ann x 3 pn o
2y 2l Years: Dhasg 4, .k 250 vegrs; phase 5, VL years.



Expected numbers of individueals for each mammalian order,
by phase, were calculated on the basis of these durations,
an approach which assumed continucd end equally intense
occupation throughout the history of the site. Chi square

values for each of the resultant 20 cells (four orders

"I.!

crosg~cutting 5 phases) were then calculated. These values
indicated that in every instance the peak in numbers seen

in phase 3 is the result of the proportionately greater
anount of time covered by that phase, and not of any greater
use of mammals made during that time. Further, the observed
values of the lagomorphs and artiodactylc were found not to
differ significantly, at the .05 level, from expected values
throughout the‘history of the site. Significant differences
were, however, found for the rodents and carnivores. For
the rodents, these differences result from the top-heavy
distribution cf Microtus, a distribution which I have
already argued is a natural, not cultural, one. The
deviations cbserved for the carnivores, significant at the
.05 but not the .01 level, are caused by a slight under.
rapresentation of carnivores in phase 4 and a slight over-
representation in phase 2. Calculation of expected values
Tor each species of carnivore reveals that these differences
gre caused by the accumulation of slight posgitive or

have no explanation

._\.

negative deviations for each taxopn. I

3

for these deviations, nor do i consider them to have



cultural or environmental significance.

Finally, the distribution of mountain sheep, deer,

[
Y

and antelope at Nightfire Island is of some note since e

numbers of Individuals of these animals are almost identical
throughout the history of the site. As menticned in

Chepter 2, mountain sheep became extinct in the Klamath
Basin in 191%; the Nightfire Island data confirm the
hypothesis forwarded on ecological grounds that in pre-
nistoric times mountain sheep were plentiful in the Xlamath
Basin, their later demise being associated with, but not

caused by, an increase in the numbers of deer in this rsgion.

£ Summary of the Avian and Mammalian Remains

Phase 1: 4000 B.C.--3000 B.C.

st occupation of USKL the basic pattern
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of explortation of avian and mammelian faunas had been set.
Both the four mammalian orders and three avian families
which together provided almest all of the birds and mammals
represented in each phase of the site were being used in wayse
which were not drasticaliliy chsnged in later times. The

Leern of selecting for diving waterbirds had already been

relatively deep at this time. Within mammalian orders, the
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A LRXe was be't:, even Tnhe use
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asic pattern of use of mrmaa
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of dogs as a food source having begun. Eiso
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2easons of occupation cannct be firmly esteblished: the

presence of badger in level 20 implies at least a summer

cccupation for this level, red-breasted mergansers in level
5 implies at least a spring or fall occupation at this

and horned grebes in levels 1% and 15 imply an
occupation between spring and cearly fall for these levels.
Neither year-round nor restricted season occupation can,

however, be definitely established from the mammalian and

avian data for any of the levels of phase 1.

Phase 2: 3000 B.C.-2200 B.C

The pattern of avifaunal and mammalil utilization
neguri in phase 1 continues in phase 2. The same three
< ¥ ~

avian families provide almost all of the avian taxa

i+

identified for phase 2, while the pattern of utilization ¢

mammalian orders continues unchanged. Diving birds are
8t1lll being selected for; their great abundance implies

continuing high water levels fTor Lower Klamath Lake,
Within-order utilization of mammals continues essentially
uncnranged from phase 13 bison are still present. Carnivores
are prasent in numbers greater than those predicted on the

. i 5 yirs AR I o . 5 -3 SR - A B AT CHEL RS T 0L
asis of the duration of this phase, but this overreprecenvé
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and fall months, & suggestion not contradicted by the

presence of horned grebes here: winter occupation is not,

swans suggests a year-rcund occnpation for level &, The
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swans and & snpowy owl in level 7 also suggests a year-

Phase 4: A.D. 0-A.D. 1coQ

The same mammalian crders and avian families continue
to provide almost all of the avien and mammalian remsins.
Within-crder utilizetion of mammalian taxa is not
significantliy different from the preceeding phase, although

bison are now absent. Calculation:

Eh
o

as

v

d upon the duration

of this phase show a slight underrepresentation of the

carnivores, again not judged culiursily or environmentally
gignificant, and an overrepresentation of the rodents

caused by the burrowing activities of montane voles. The
bias towards diving waterbirds continues, although non-

divers continue to be much more &buridant than they were 1r



and lower than those in phases 1 and 2 sare hypothesized.
The patterns of mammalian and avifaunal exploitation are
very similar to those seen in phase 3, and suggest strong
daptstional continuity of the Nightfire Islanders to the
Lower Klamath Basin. Evidence for the seasons during which

> levels of phase U4 were occupied is slight: horned

s

h
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Des; level 6 suggest an occupation at least between

e
#r
4

ing and fall, while the presence of badgers in level 5

7]
&

™
o
imply at least a summer occupation. No other mammalian or

avian seasonal indicators are preoeqt for any of the levels

of phase L.

Phase 5: A.D. 1000-A.D. 1400

The same mammalian orders and avian families continue
to provide almost all of the mammalian and avian taxa
uwtilized by the inhabitants of Nightfire Island. Patterns
of within-crder mammal use do not change significantly;
between orders, the overabundance of rodents due to the

relatively large numbers of Microtus continues, but no

other significant deviations from expected numbers of
individuals are seen. Diving waterbirds are still being
selected Tor, while the number of non-divers begins to
decrease in the face of an increase in divers. Increasing

water levels may be implied. Again, these patterns of avian

and mammaliean utilization suggest strong continuity from the
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s no aevidence for the seasons

preceeding phase., There

during which level 1 was occuplied the presence of a

R

o

whistling swan in level 2 suggests an occcupsation at least

bt
o

between the fall and spring months for this level.

other svian or mammalian seasonal indicators are present.



CONCIISIONS

Rather than repeat any of the coriclusions reached
above, I would like to discuss instead the bdbroader
implications which these statements seem o have concerning
both the postglacial climatic history of the Great Basin

and the nature of prehistoric human adaptation in this area.

Postglacial Climetic History in the lower Klamath Basin

Perhaps the most interesting aspect of the mammalian
and avian remains from Nightfire Island invelves the
hypotheses concerning changing lake depths in the Lower
Klamath Basin suggested by the avifauna. These hypctheses
contradict traditionsl interpretaticns of postglacisl
climatic history of the desert West.

) 5 & PO TSP .. 3 8 - 1 s e > 5 SO L G . P
These traditional interpretaticons ars, of course,

43 e o * i O T NeE D) “ ovepn 3
based upon the work of Antevs (1040, 1952, 1855) who
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argusd thet the postglacial climatic history of the Grest

to 5000 B.C., characterized as bhelng subhumid and semiarlid
wn : ~ 3 4 - b gy & A gy S R A R GO |
n lakes higher than during the Medithermal,
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anag aaring wilcn vne ¢limate wag a8t first similar to that
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of today but then began tc grow warmer; 2) tne Altithermsl,

- B ‘

5000 B.C. to 2500 B.C., which was distinctly hotter and

drier than the present, and marked by the disappearance of
the Great Basin lakes; and, 7) the Medithermal, 2500 B.C.
to the present, which was arid and semiarid, moderately
warm, and whicn saw the return of the Greal pasin lakes
desiccated during the Altithermsal.

Antevs' model of postglacial climatic history has been
acceptad by most, rejected by some. While Baumhoff and
Heizer {1965) review Antevs' scheme as well as reactions to
it may be noted that most recent opinions concerning

eement with Antevs \fcr instance,

'.,.l

this model involve:

Baumhoff and Heizer 1€

\')

65 Cressman 1956; Willey 1966),
disagreement with Antevs, with insistence upon
climatic stability through postglacial times, aithough
conceding the probablilility of minor climatic fluctuatiocns
(for instance, Aikens 1966; Jennings 1964, 1968), or,
3) disagresment with Antevs, with insistence that the

Altitnermal wag weiter than the present (Martin 1963s,

1963b) or that the Altithermal was at first dry but late

- 2 - P eyl TR
becans welter (Malde 1964},

In this light, my hypotheses concerning shifts in

o

Loweyr Klamath Lake depths may be restated in terus of
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lake depth involved: 1) relatively
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changes in Lower Klame



ol

0

high lake levels during the late Altithermali [4000-2200 B.C.):
2) lower lake levels during the bulk of the Medithermal
(2200 E.C.-A.D. 1000); and, 3) possibly slightly higher
ilake levels in very late Medithermal times (post A.D. 100G).
These hypothesized changes suggest that in thzs Lower Klameth
Basin at least the last half of the Altithermal was we
not dry. and that Maditharmal lake levels were actually
lower than those of the Altithermal.

Barlier pertinent research in the Lower Klamath Basin

operated under the &s

m

umption of the reality of a hot and
dry Altithermal and rezched conclusions at cdds with these
just presented. Cressman (1940, 1942) excavated sitzs in

both the Narrows to the north of Lower Klamath Lake and

LYY

Iaird's Bay at the southern end of the lake. Whil:
cultural material apparently associated with extinect fauns

r

in the Narrow:

-
“ly
S
[ o
-t
QJ
L]
(]
2
-5
o+
&)
o
L
O
Q L]
w@
t
T
g
o
o
'\4
[§4)
=
|.‘(
Q
£
O
e
<t
o
2
)

during which Nightfire Island was occupied, artii

phase 2. These artifacts were found in situ in lake-
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deposited peat, a siiuation which led Cressman (1940, 1942)
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Lo hypothesize that they had heen depousited here at the

- 3 £ +3 o I - e > : “ I 1&
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desiccation, but after the lake had begun to refill: this

raasoniy
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site the dates noted avove. Whether or not the Laird's
Bay site actually does provide evidence for a hot and dry
Altithermal will be considered shortly.
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ssman's work in the Lower Klamath region $n01uded
pollen studies conducted by Hansen--the earliest such
studies conducted in Csndwr(tW n with archaeological work
in the Northwest, as has been pointed out (Cressman 1942).
Hansen (1942, 1947) analyzed a series of pollen profiles
from the Klamath Basin, including one from the Laird's Bay
site and two from the Narrows locale, concluding from these
profiles that there had, indeed, been a hot and dry
Altithermal in the Klamath Basin. In fact, Haasen {1947
122) went so far as to argue that "between 8,000 and 4,000
years =g0, the drouth became severe enough to dry up Lower
Klamath lake and make that uninhabitable," and that it was
only at the very end of +his period that human reoccupation
of Lower Klamath Lake coccurred. Nightfire Island clearly
shows, of course, that between 6000 and L40OCO B.P., at
least, Lower Klamath ILzke neither dried up nor ceased to
gupport human life. But Hansen's apparently incorrect

garence of Lower Klzmath

the poilen profiles which

e interpreted as providing the evidence for that assertion.

B g e " - b X o T N, b -~ =y
Hansen's interpretation of the Lo » Kiamath profiles
o " B - 1 -, o~ o~ ¥ o o ET2
were pased primerily upon the changing frequencigs of yeslilow



and white pine which these profiles seemed to ilandicate.

At Laird's Bay, for instance, yellow pine increased f

the base of hie profile from representing some 30% of the
total collection to a maximum of dbout 65% approximately
one foot beneath the "artifact horizon" then decreasing to
some 35 % at the top of the nrofiie. (Hansen 1G47: 103,
Fig. 6 is misleadingly labeled: the "artifact horizon" is
rlaced next to the yellow pine maximum when in fact
reference to Hansen 1942 shows that it should have been
placed next to the 40 % yellow pine figure two 6" strata
above it). White pine fluctuated in frequency at the

beginning

R

of the profile, decreased to a minimum in the
same level that yellow pine reached its maximum, and then
increased again. The frequency of lodgepole pine fluctuated
from level to level, these fluctuations being felt to be of
little climatic gignificance (Hansen 1942).

The correspondence of the yellow pine maximum with the
white pine minimum just beneath the artifactual level led

.

Hangen (1047:117; to consider this as reflecting the

n.

Altithermal: In the Lower Klamath profiles the expansion

of veliow pine to its maximum at stratigraphic positions
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reasonably be assumed to have been synchronous

marks its response to the climatic maximum. A parallel

0

ine of white and whitebark pine is consistent with this

] .

This peak thus became the Altithermal,
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dating to beitween 8000 and 4000 B.P., while Cressman's
dating of the Laird's Bay artifacts as very late Altithermal
was at the same tTime confirmed.

Hansen interpreted his pollen record as confirming
Antevs' hypothesis and then used that hypothesis to date his
sequence. The circulatory of this approach should be
obviocus, as should the fact that Hansen's pollen seguences
aren‘t really dated at all. Until reestimates of the dates
of Hansen's profiles are made, the temporal position of his
yellow pine maximum-white pine minimum simply will not be
known.

Unfortunately, such a reestimate cannot be accurately
done at the moment, although two somewhat poor clues as to
these dates are available. First, Hansen (1947) noted that
the absence of Mazama pumice in his Lower Klamath profiles
might imply a post-Mazama eruption date for these seguences.
Since the Mazama eruption is now dated to 6600 B.P. (Wilcox
1965), a post-eruption basal date for the Lower Klamath
proriles would strongly indicate a post-Altithermal date
for the upper levels of these deep profiles, including the
white and vellow pine concordant shift. Since, however, it

is also poseible that lenses of Mazame pumice were present

[

in the deposits which gave Hansen his profiles but were
process, the meaning of the lac

of pumice in these profiles becomes equivocesal.
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The second clue to the age of Hansern's pollen profiles

e

s the age of the Laird's Bay artifacts. Cressman (19Lb,
1951) estimated these to be 5000 to 4000 years old, but
this estimate was based upon the assumpticn of the reality

of the Altithermal, an assumption I would like to avoiad.
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d the age of the Laird's Bay
materisl have placed it bhetween 2000 B.C. and A.D. O
(Bennyhoff 1958; Meighan 1959a), which would date that
occupation to the same pericd of time as the lowered Lower
Klamath Lake levels which I have hypothesized. Such a date
would also shift Hansen's pollen sequences upwards in time.
Indeed, the fact that "the occurrence of the yellow pine
maximum near the artifact horizon chronologically correlates
these two phases of evidence" {Hansen 1947:117) could be
considered as confirning my hypothesics that the Lower Klamath
Lake levels declined after 2000 B.C. if Bennyhoff and
Melghan are correct in assigning the Laird's Bay artifact
datas younger than those assigned them by Cressman.
Unfertunately, however, because the Laird's Bay artifacts
simply are not well dated, this evidence too becomes
equivocal.

For many reasons it might be best to regard Hansen's
profiles as disconfimrming nelther» my hypotheses nor those

of Antevs, Certainly, temporal control over these profiles

2
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is totally lacking and the yellow pine maximum-whlte pine
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minimum might easily date to either before or after 2500 B.C.

More importantly, Hansen's critical assumptlion ihat an

3

increase in yellow pine pollen meens an increase in aridity

might be questicned: 1in the Lava Beds National Monument, a

e

recent retreat of yellow pine from lower elevations was
essociated at least in pert with a decrease in rainfall--
that is, drought reduced, not increased, the amount of
yellow pine southeast of Lower Klamath lLake (Lahr 1960).
This leads me to question Hansen's interpretation cf a
yellow pine increase as implying increased aridiiy.

Further, the correlation of increasing yellow pine
with decreasing white pine 18 one based upon the changing
percentages of these two species. As Martin and Gray (1962)
have pointed out, such correlations are often spurious:
because of the nature of percentages, an increase in the
relative fregquency of one species must bring about a

elative decrease of other species, whether or not the
absolute abundance of these other species has changed. Thus,
Hansen's all-important correlation of the yellow pine
maximum with the white pine minimum may be a statistical
artifact and not a function of changing climate.

Even more crucial, perhaps, ars the difficulties
involved in identifying specles of pine from their poilen.
Yartin and Gray (1962), for instance, note that such

identification simply does not seem possibls with present
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knowledge. Indeed, Flint and Deevey (1951} questioned

Hansen's pine pollen identifications quite some time ago.

,..
wt
<5
m
fete

toss cut Hansen's specific identifications and attempt
to deal only with fluctuations of the genus Pinus we
ancounter the problem which Martin and Mehringer (1965)
have ncted: 1increases in pine polien might seem either an
increase in pine or a decrease in local ground cover. Such
interpretational problems greatly obscure the meaning of
Hansen's pollen profiles.

FPor all these reasons, then, Hansen's pollen ssquences
not only cannot be used to falsify my hypothesis that a
least the last half of the Lower Klamath Altithermal was
wet, but &also cannoct be used to disconfirm Antevs' alternate
hypothesis., And, the Lalrd’s Bay artifacts do not challenge
either hypothesis because they remain undated. Indeed,

t

ed out that factors totally unrelated to

Hencen {1842) poin
climatic change could have accounted for the exposure of
the lake floor in the vicinity of laird's Bay, and thus even
accurate dating cf the Laird's Bay site might not help
resclve the conflict between elternative hyvpotheses
concerning the Lower Klamath Altithermal.

As it stands, the Hightflre Island avifauna allows

the hypothesis that Altithermal Lower Klamath Lake levels

the Lower HKiamath Altithermal was wet, not dry.
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The szme data {hat suggest this hyvpothesis also disconfirm
Lhe contentions of Antevs and others that the Lower Klamath

:

Basin Altithermal was hot and dry.

Prehistoric Human Adaptation in the Lower Klamath Basgin

Much lesgs can--and should--bhe said from the mampaliian
and avian remaing alone about the nature of the adeptation

of the residents of Nightfire Island to the Lower Klamath

I

region. Not until the artifacts are analyzed and understood

and the remainder of the faunal collection--~-fish, reptiles,
and amnhiblians-~-studied can many meaningful statements be
made concerning the adjustment of the Nightfire Islanders

to their prehistoric environment. And even when the total
collection of faunal, Tloral, and artifactual remains from
this one site have been studied, statements concerning past
human lifeways in this areaz will be both tentative and
partial until a full range of sites for each phase
representative of the full range of human activities carried
on during that phase have been ildentified and excavated.

Nonethnelss

i' f)
m

, the 43Ki4 mammalian and avian remains do
support a few g=neral statements concerning the uses of

Lower Klamath resocurces by the ocgupants of Nightfire Island.
Most obviously, the inivial oceupation of the site at
approximately 4000 B.2. saw an extensive utilization of the

n A P RNRE T z s O S P Al s P |
meumaiian and avian texa & URPOT Led Ry S marsn and lake



ecosystem. The earliest levels of the site =ee the use of
both diving and non~diving waterblrds as well as of mammals
whose prime assoclation is with permenent water sources

(for instance, Castor, Procyon, Mustela, Lutra). Never

during the history of the site did avian taxa other than
water and shore birds become numarically important. And,
while the use of mammals whose prime association is not

lakeshore (for instance, Taxidea, Cervus, Odocoileus, Ovis)

had also begun by or socn after the initial occupation of
the site, it was shown in chapter 2 that in no instance
would the occupants of Nightfire Island have had to travel

far from their lake and marsh environment to obtain any of

L]

the animals, Finally, well established is the point that
4

while aspects of this adaptation to a lake and marsh
ecosysten change through time, the fact of such an

adaptation deoes not. Although a restricted view of the

P SN T . army ww A ey e ey (< S ) (5 g & - o s 2
adaptaticn by the residents of Nightfire Island to the

- g wiz 0w T olra 4 ¥ s TR 4% TP Ve B LN
Lower Kiamath Lake and marsh ecosystem through almost 6C00



APPENDIX

TECHNICAL

o il AN

™M
FAMTITIES, GENERA, AND

(TaxornW“ after De
Miller and Kel

‘North America

Birds
Gaviidae

Gavia ilmmer
Podicipedidas

Podiceps auritus

Podiceps nigricollis

Eecmovhorus occldentalis

Locllvmbu; poaiceps
PeleGanidae

Pelecanus erythroryhnches
Pnalacroccracioae

Phalacrcco

suritus

rax

Ardeicdae
Botaurus
Rycdicorax
Ardea cine

Anaticae

Aqw&rzrl

us (=buccinator)
Turbiends

DAL OIS

canadensis

lJacour 1959; Mayr and Short
ogg 1955; Hall and Kelson 1959)
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ON NAMES OF BIRD AND MAMMAL
’ECIBS MENTIONED IN TEXT

1970;

loons
common
gveb(.s@

]

horned
Y

4

te pelican

rmorants

douoia-'re ted
cormorent

harons

Anmerican bittern

black-ecrowned night
neron

great blue heron

ducks, geese, swans

swans, gees

er s

+1.uﬁ€t

g

.

whistliing swan

white-fronted goose

DHGN goase

Ros goose

Cana da goose
rapk1¢ng goose

perching ducks

wood duck

dabbling ducks
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Anas 1.
8

Anas a

Anas d:

Anas

Aythyini
Aythya

¢
Anas cly
i

Aythya

ameyricana

4=, »
Aythya

collaris

Aythya

mariia

Aythya

affinis

Mergini
Bueceph

als albeola

Bucenh

ala clangula

Mergus

cucullatus

Mergus

serrator

Mergus

merganser

Oxyurini
Oxyura

Jjamalcensis

Accipitrid
Aquila

ae
chrysaetos

daliae

tus leucocephalus

Circus

cyvaneus

Tetraonidae
Cetnro

o
cercus urophasianus

Rallidae
Fulica

americana

Charadrwldaa

Charadrius vocufor
Laridae

Larus argentatus
Strigidae

Bubc virginianus

liyctea scandiaca (=nyctea)

Asio Tlammeus
Corvideae

Corvus corax

Sorex vagrans
sorex palusiris
Sorex trowbridgii
. merriami
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malliard

pintail
blue-winged teal
cinnamon teal
shoveller
pochards
canvagback

redhead

ring-neck

greater scaup
lesgser scaup

sea ducks
bufflehead
goldeneye

hooded merganser
red-breasted m@rganser
American merganser
still-tailed ducks
ruddy duck

hawks, eagles
golden eagle

bald eagle

marsh hawk

grouse

sage grouse

rails, coots
American coot
rlovers

killdeer

gulls and terns
herring gull

owls (part)

great horned owl
snowy owl
short-eared owl
Crows, Travens,
raven

Jays

shrews
vagrant shrew
water shrew
Trowbridge's
Mervﬂea'q shr ew
moles

broad~-footad mole
Vespertilionid bats
1ittle brown Myotis
uma Myotis
long-zared
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Myotis thysancdes
Myotlis volans

Myotis californic
Lasionycteris noc

<

ub.
TIvesn

"‘3

ans

kptesicus fuscus
Lasiurus cinereus
Corynorninus

Townsendii

Antrozous palliaus
Molossidae
Tadarida brasiliensis

Cchotonidee
Cchotona princep
Leporidae
Sylvilagus nuttalli
Lepus americanus
Lepus caliiornicus
Sciuridae
Eutamias minimus
kutamias amoenus .
FtuTamias townsendil
Marmota rlaviventris
Spermpohilus beldingl

o]

Spermophilus beecheyi

Spermophilus lateralils

Tamiasciuris douglasili

Glaucomys sabrinus
Heteromyideae

Perognathus parvus

Dipodomys heermanni
Castoridae

Castor canadensis
Cricetildase

Reithrodontonys megalotis

Peromyscus crinitus

?éronyscua meniculatus

seromyscus boylll
reromyscus truel
Onychomys leucogaster

Neotoma fuscipes
Neotoma cinerea
Microtus nmontanus
Zapoﬁidap '
Zapus princeps
Brethizontidae
Erethizon dorssium

94

fringed Myotis

long-legged Myotis

faliifornia Myotis

siliver-haired bat

big oroqn bat

vary ha

Towns&nd's big-eared bat

pallid bat

free-tailed bats

Brazilian free-tailed

bat

pikas

pika

rabbits and hares

Nuttall's cottontail

snowshoce rabbit

black-tailed jack rabbit

squirrels and relatives

least chipmunk

yellow-pine chipmunk

Townsend's chipmunk

vellow-bellied marmot

Belding's ground
squirrel

California ground
squirrel

golden-mantled ground
sguirrel

Douglas' squirrel

northern flying squirrel

Heteromyids

Great Basin pocket mouse

Heermann's kangaroco rat

beavers

beaver

Cricetids

western harvest

canyon nouse

deer mouse

brush mouse

pinon mouse

northern grasshopper
mouse

dusky~-footed wood ratc

b-sqy tailed wocd rat

montane vole

Jumping mice

western jumping mouse

porcupines

porcupine

mouse



Canidae

Canis latrans
Canls lupus
Canis famiiaris
Vulpes fulva

U¥ocyon cinerecargenteus

Ursidae ,

Ursus americanus

Ursvus horribllis
Procyonidae

rrocyon iotor
Musteilcae

Mustela erminssg

Mustela frenatsa

Mustela vison

Taxlidea Taxus

Spillogale pracili

“ephlf S mephit

Tutra cana de1y;5'
Feliaae

Felis concolor

Lynx rufus
Cervidase

Cervus canadensis

Odocolleus hemionus
Antilocapridae

Antilocapra americana

Bovidae
Bison bison
Ovie canadensis

Didelphidae
Dlﬂflﬁnls marsupial

‘Jo

armosa mitls
‘ JdawaMyS derblanus
Dasy 36H1dae
““Vnu novemcingbtus
Cricetlaae
Oerﬂmys talamancae
Slgmodon nispldus
Lw)ypkoﬂflaae
Agouti paca
Lasyprocta puncrtata
Echimyidae
Hoplomys gymnuyiis

wolves, coyotes, dogs,
1 I 8

coyote

wols

An
108

red fox

gray fox

bears

black b=ar

grizzly bear
raccoons and allies
raccoon

Mustelids

ermine

long-tailed weasel
mink

badger

western spotted skunk
striped skunk
river otter

cats

mountain lion
bobecat

Cervis

elk

mule deer
pronghorn
pronghorn antelope
Bovids

bison

mountain sheep

opoSssuUMS

cpogsum

Mexican mouse-opossum
wooly opossum
armadillos
nine-banded armadillo
Cricetid rodents
Talamanca rice rat
hispid cotten rat
,Doutwb and pacas
paca

agoutl

spiny rats

armored rat



Trichechidae
Trichechus manatus
Tayassuidae

Tayassu tajacu

Tayassu pecaril
Cervidae

Odocoileus virginiana

Mazama americana

=rmnd s
manatees

manatee

peccaries

collared peccary
white-lipped peccary
Cervids

white-tailed deer
red brocket
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TABLE 1

RADIOCARBON DATES FROM
\TT TRHTITIITDT % fie i
NIGHIFIRE ISLAND (48K4)

Age Laboratory Number Phase

930 + 90 B.P. GaK-2418 4
1420 ¢+ 90 B.P. GaK-2419

1540 £ 100 B.P. GaK-1841

2080 £ G0 R.P, GaK-1842

2180 + 80 B.P. GaK-1831 G
2180 + G0 B.P. GaK-18

2220 ¢+ 90 B.P. GaK-184

2340 +£100 B.P. GaK-1832

3040 +100 B.P. GaK-2420

3110 ¢ 110 B.P. GaK-2421

3450 + 90 B.P, Gak-18%

3470 + 80 B.P. GaK_lazu

4o70 100 B.P. GaK-184%

Lilo £110 R.P. GaK-242%

4380 ¢+ 90 B.P. GaK~1121 e
1o = 80 B.P. GakK-1122

4750 £110 B.P. GaK-1837

5150 £520 B.P. GaK-2426 3
5750 t 130 B.P. GaK-1840

6080 = 140 B.P. GaX-2427



TABLE 2

NUMBER OF BIRD SPECIES, BY CRDER,

1IN THE LOWER XLAMATH REGION
(from U.S8.D.I. 1969)

Gaviiformes

(Loons)
Podicipediformes

(Grebes)
Pelecanifor nes

(Pelicans, Cormorants)
Ciconiiformes

(Herons, Ibises)
Anseriformes

(Ducks, Geese, Swans)
Falconiformes

(Vultures, Hawks, Ospreys, Falcons)

Galliformes

(Grouse, Quail)

1iformes

{Cranes, Rails)
Charadr;ifcvmes

(Plovers, Sandpipers, Avocets,

Phala“opes, Gulls and Terns)
Columbiformes

(Pigeons)
Strigiformes

(Owls)
Caprimulgiformes

(Nightjars)
Apodiformes

(Swifts, Hummingbirds)
Coraciiformes

(Kingfishers)
Piciformes

(Wocodpeckers)
Passeriformes

(Flycatchers, Songbirds)
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TABLE 3

MODERN ABUNDANCE OF WATERFOWL AND COOTS

(Three year averages compiled from
USDI 1960, 1965, 1970)

January
Cygnus cygnus 0
C. columbianus 3240
Anser albifrons 210
A. caerulescens 1430
A. rossii 0
Branta canadensis
canadensis TTi5
B. ¢. minima 890
Aix sponsa
Anas americana 8565
A. strepera 1655
A. crecca 860
A, platyrynchos 9370
A. acuta 14720
A. discors 0
A. cyanoptera 0
A. clypeata 30470
Aythya valisineria 345
A. americana 125
A. collaris 10
A. marila and affinis 1255
Bucephala albeola 500
B. clangula 205
Mergus merganser 295
Oxyura Jjamaicensis 27055
Total non-divers 79125
Total divers 5410
Fulica americana 3560

two year average

February

0
7675
11180
L2095
170

2745
2305

17645
4ols
7490

29315

280600
85
0

74215
1820
520

35
4680
2380

U5
635
12395
L79765
23210
14775

March

0
L4165
25775
Lhis60
830

5740
19970

5
20665
7305
27970
18520
274910
0

915
107285
2210
2080
L4io

i b i
L0o85
280
1265
51550
567615
69415
76005

April

15
23225
11960

295

5950
L6765

19195
12945
18415
13170
18050

3590
102125
2320
4160
145
6330
2125
195
855
53075
275815
69505
102725

June

Lo
10

555
o5

5
880
10485
205
10560
8170
245
6000
6060
170
10685

2500
210

2
8470
50255
22095
52810

66



TABLE 3 (Continued)

MODERN ABUNDANCE OF WATERFOWL AND COOTS
(Three year averages compiled from

July
Cygnus cygnus 0
C. columbianus L
Anser albifrons 10
A. caerulescens 10
A, rossii 0
Branta canadensis
canadensis 10085
B. ¢. minima 20
Aix sponsa 10
Anas americana 9L0
A. strepera 18640
A. crecca 1180
A. platyrynchos 16425
A. acuta 25550
A. discors 365
A. cyanoptera 5270
A. clypeata 8680
Aythya valisineria 210
A. americana L7750
A. collaris 165
A. marila and affinis 2725
Bucephala albeola 105
B. clangula 0
Mergus merganser 10
Oxyura jamalcensis 1530
Total non-divers 87190
Total divers 32405
Fulica americana 52200

two year average

USDI 1960, 1965, 1970)

August September
0 0

i i §

210 28435

15 195

0 0
12990 17065
25 25

o 15
10670 196240
%2615 L6785
L4765 29115
L2505 26&70
268L25 11 0229

530

10970 8210
19630 91585
455 1875
30270 19075
280 65
2520 3435
120 80

3 0

30 5
15370 17860
403355 1654395
50050 L1755
71435 239310

October

0
55
1341%0
5635
20

20065
76520

0
212975
62940
L
153665
2243645
0

1045
138765
8610
13485
25
5055
1155
10

70
36745
3091745
65165
358905

November

0
1170
25720
8630
15

8ols
84855
0

107990
125%
15465

100755

710175

0

570
100605
9310
1670
55
5610
2525
130
510
242110

1186330
L4050
145890

December

0
6270
1395

110

5

6785
550

0
30855
1055
2495
50195

82075
0

0
L4825
1270
265
110
2955
950
250
180
4855
22615
11835
5120

00T



MOWTHLY RATIOS

NON-DIVING TO DIVING W:

Month

January
February
March
April
May

June
July
August
September
October
November

Decempar

Yearly Avera

A

<

£

Yo
ERFOWL,

AKE

Non-Divers/Divers

14.6

20«7

oy B
e\ e
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TABLE 5

MODERN ABUNDANCE OF
WATERBIRDS OTHER iHAZ* WATERFOWL

m1Led Trom

(Three year averages com
1665, 1970)

UcuoD «Lc .0.95 b

c
OF
Nomber of Individusals

Jan.~-April fay-Aug. Sept.-Dec.

Eared Grebe 15€5 2535 2355
Western Grebe Lis .1165 1265
Pied-Billed Grebe 180 250 340
White Pelican 765 1735 ~ - 1000
Double~Crested Cormorant Loo 800 : 365
eulls” 7715 11000 9360
Perns - - sin o mieBp T - hsop T = - SN0

*1961 data (U.S.D.I. 1961) used in absence of
3960 data i

** 31062 data (LT S BaT Al
196{} dat

(‘\

2

O

e

used in absence of
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TABLE &

MAMMALS COF THE KLAMATH BASIN

Insectivora
Soricidae
Sorex vagrans
S. palustyls
S. troworiagil

S, merriani

Talpi

-f?s]

Scapanus latimanus

Chiroptera
Vespertilionidae
Myotis lucifugus
M. yumanensis
M. evotis
M. thysanodes
M. vo‘an%
M. californicus
Tasionycleris noctivagans
Eptesicus fuscus
Lasiurus cinereus
Corynorninus townsendil
Antrozous pallicus
Molossidae
Tadarida braciliensis
Lagomorpha
Ochetonidae
Ochotona princeps

Lepr gioae
Sylvilagus nuttalll
*Tepus americanus
*1,. californicus
Rodentia

Seciv 11dab
Butamias mlriwu"l

L. Smoenus

. ””ﬁ”dud'i
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MAMMALS OF THE KLAMATH BASIH

Castoricdae
*(d stor canadensis
“ricetidae
Reithrndﬁntomyu Mcgalotis

Peromyvscus crinlitus

?. maaicuilatus

P, boylil

P, ‘truer -

OUnychomys leucogaster

Neotoma 1uscipes

N. cinerea

Microtus montanus

¥, longilicaugus
ZapodiQae

Zapus princeps
Eret 1Lzonvidae

Erethizon dorsatum

Carnivora
Canidae
* Canis latrans
*T. Iupus

* Viloes Tulva

* Urocyon cinereoargenteus
UfSLGdC YT L

* Yrsus americanus

. horrioiels
Procyonidae

* Procyon lotor
Mustelicae
Mustela ermines
Tr. rrenata

TVLE

R i e

3on
¥1déa taxus
L lozele gragll'%

_)!

-

.,,,

A mephitis
canadensis

t \JIL\,O.‘
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MAMMALS OF TiE KLAMATEH BASIN

Articdactyla
Cervidae
*Cervus canadensis
*OdGLO;l“hb nemionus
Antilocapridae
* Antilocapra americana
Bovidae
* Ovis canadensis

Baborted as eaten by the Modoc (Ray 1963)
~Reported as cn¢nmurk
Reported as "pine squirrel
JReported s "skunk"



Skull
Mandible
Vertebrae
Pelvis
Humerus
Radius

Ulna
Scapula
Metacarpals
Carpals
Femur
Fibula
Tibia
Patella
Metatarsals
Talus
Calcaneus
Other Tarsals
Phalanges
Ribs

Upper Incisors

TABLE 7

IDENTIFIED SPECIMENS PER SPECIES BY ELEMENT
OR ELEMENT CATEGORY: CERRO BRUJO MAMMALS

(Key to Species: 1-Dasyprocta punctata, 2-Agoutl paca,
3-Dasypus novemcinctus, 4-Tayassu tajacu, 5-Sigmodon
hispidus, 6-0docoileus virginianus, 7-Oryzomys talamancae,
8-Tayassu pecari, 9-Trichechus manatus, 10-Hoplomys gymnurus,
11-Didelphis marsupialis, 1l2-Mazama americana, l3-Caluromys
derbianus, 14-Marmosa mitis)

Species
1 2 3 L 5 6 i 8 9 10 1. a2 13
54 19 1 Ly 1 5 9 3
L3 g s 3 8 1 ;3 1 p)
95 28 67 23 5 5 4
51 B o2 A | 3 i &
0. 32 3 = RIS | 1 |
7, S £ S 6 2
.t A ) SRR ) 1 1
16 -5 <
20 g 2 2 6
2
83 28 20 I In T 1 2
1 1
64 20 28 5
3 1
T A 7 1
9 % = 2
25 12 . 2 1
1 1
9 a5
14 2 I
= 6 1

14

901



Upper Canines
Upper Premolars
Upper Molars
Lower Incisors
Lower Canines
Lower Premolars
Lower Molars
Unassigned:
Metapodials
Cheek Teeth

TABLE 7 (Continued)

IDENTIFIED SPECIMENS PER SPECIES BY ELEMENT
OR ELEMENT CATEGORY: CERRO BRUJO MAMMALS

1 2 > 4 5 6 1 8 9 10

I~
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2
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Dasyprocta
Agoutl
Dasypus

Tayassu tajacu

Sigmodon
Odocoileus
Oryzomys
Tayassu pecari

Trichechus
Hoplomys
Didelphis
Mazama,

Caluromys
Marmosa

R ———-——

TABLE 8

MINIMUM NUMBERS OF INDIVIDUALS CALCULATED BY
DISTINCTION METHODS:
CERRO BRUJO mi'MALs

THE MAXIMUM (M

Number
of
Specimens

",

AND MINIMUM

Minimum
Number:

My

204
104
69
a7

14
i 8

HEH N R WO &

M

K o

Total

e S~
£

QO O O 0 O O O O
O O O H O MWWWU
= 0N O & 000N o

o
o
n

@)
(@]
n

Minimum
Number:

My

n
O

|t
O O

HEHE DWW DO O oW

of

Total

38.
12,
13%.
ok.
10.
02.
ok.
02.
ok.
02.
Ol.
Ol

Ol s
DL,

VW WV ~NOoO~No0o~N~Nowo

80T



NUMBER OF IDENTIFIED ELEMENTS BY ELEMENT

Skull
Mandible
Vertebrae

Gavia
immer
Podiceps
auritus
nigricollis
Spp.
Aecmophorus
occidentalis 3
Podilymbus
podiceps
Pelecanus
erythrorynchus
Phalacrocorax
auritus
Botaurus
lentiginosus
Nycticorax
nycticorax
Ardea
cinerea
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TABLE 9 (Continued)

NUMBER OF IDENTIFIED ELEMENTS BY ELEMENT

CATEGORY AND SPECIES:

PHASE 1
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Mergus
cucullatus
serrator
merganser
Oxyura
jamaicensis
Circus
cyaneus
Aquila
chrysaetos
Haliaetus
leucocephalus
Centrocercus
urophasianus
Fulica
americana
Charadrius
vociferous
Larus
argentatus

Skull

Mandible

TABLE 9 (Continued)

NUMBER OF IDENTIFIED ELEMENTS BY ELEMENT
CATEGORY AND SPECIES: BIRDS
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TABLE 10

NUMBER OF IDENTIFIED ELEMENTS BY ELEMENT

Skull
Vertebrae

Mandible

Gavia
immer
Podiceps
auritus
nigricollis
Spp.
Aecmophorus
occidentalis 14
Podilymbus
podiceps
Pelecanus
erythrorynchus
Phalacrocorax
auritus
Botaurus
lentiginosus
Nycticorax
nycticorax
Ardea
cinerea

CATEGORY AND SPECIES: BIRDS
PHASE 2
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TABLE 10 (Continued)

NUMBER OF IDENTIFIED ELEMENTS BY ELEMENT
CATEGORY AND SPECIES: BIRDS

PHASE 2
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TABLE 10 (Continued)

NUMBER OF IDENTIFIED ELEMENTS BY ELEMENT

CATEGORY AND SPECIES:

Skull
Mandible
Vertebrae
Ribs

Mergus

cucullatus

serrator

merganser p)
Oxyura

Jjamaicensis
Circus

cyaneus
Aquila

chrysaetos
Haliaetus

leucocephalus
Centrocercus

urophasianus
Fulica

americana L.
Charadrius

vociferous
Larus

argentatus

PHASE 2

Coracoid
Sternum
Furcula
Radius

Scapula
Humerus

[
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—~1
-3

36

161 468 90 -

BIRDS

Ulna
Carpometacarpus
Pelvis

Femur

Fibula
Tibiotarsus
Tarsometarsus
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TABLE 10 (Continued)

BIRDS

NUMBER OF IDENTIFIED ELEMENTS BY ELEMENT
CATEGORY AND SPECIES:

PHASE 2
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Gavia
immer
Podiceps
auritus
nigricollis
Spp.
Aecmophorus
occidentalis
Podilymbus
podiceps
Pelecanus
erythrorynchus
Phalacrocorax
auritus
Botaurus
lentiginosus
Nycticorax
nycticorax
Ardea
cinerea

Skull

Mandible

NUMBERS OF IDENTIFIED ELEMENTS BY ELEMENT

Vertebrae

TABLE 11

CATEGORY AND SPECIES:

Ribs

Scapula

Coracoid

10
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PHASE 3%
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Cygnus
cygnus
columbianus
Branta
canadensis
Anser
Spp .
Geese
Spp .
Anas
teal
platyrynchos
'mid-size"
Aythya
valisineria
collaris
affinis-marila
SDD .
Bucephala
albeola
clangula

Skull

Mandible

NUMBER OF IDENTIFIED ELEMENTS BY ELEMENT

Vertebrae

TABLE 11 (Continued)

CATEGORY AND SPECIES:

Ribs

PHASE 3
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Mergus
cucullatus
serrator
merganser
Oxyura
Jjamaicensis
Circus
cyaneus
Aquila
chrysaetos
Haliaetus
leucocephalus
Centrocercus
urophasianus
Fulica
americana.
Charadrius
voclferous
Larus
argentatus

Skull

Mandible

TABLE 11 (Continued)

NUMBERS OF IDENTIFIED ELEMENTS BY ELEMENT
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CATEGORY AND SPECIES:

Ribs
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TABLE 11 (Continued)

BIRDS

NUMBER OF IDENTIFIED ELEMENTS BY ELEMENT
CATEGORY AND SPECIES:

PHASE 3
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Gavia
immer
Podiceps
auritus
nigriceollis
Spp.
Aecmophorus
occidentalis
Podilymbus
podiceps
Pelecanus
erythrorynchus
Phalacrocorax
auritus
Botaurus
lentiginosus
Nycticorax
nycticorax
Ardea
cinerea

Skull

Mandible

NUMBER OF IDENTIFIED ELEMENTS BY ELEMENT

Vertebrae

TABLE 12

CATEGORY AND SPECIES:
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PHASE 4
S ® 9]
o SR o
R = (- T
R R
s H R
@ B

55
i 1

1

Radius

BIRDS
0w
=
O
~
@
5
@
EES
()
=
O

R =
o &~
— @
oo JER <

Pelvis

Femur

Fibula

Tibiotarsus

Tarsometarsus

Phalanges

0cT



Cygnus
cygnus
columbianus
Branta
canadensis
Anser
sSpp.
Geese
Spp.
Anas
teal
Rlatyryncﬁos
mid-size
Aythya
valisineria
collaris
affinis-marila
Spp .
Bucephala
albeola
clangula

Skull

Mandible

NUMBER OF IDENTIFIED ELEMENTS BY ELEMENT

Vertebrae

TABLE 12 (Continued)

CATEGORY AND SPECIES:
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TABLE 12 (Continued)

NUMBER OF IDENTIFIED ELEMENTS BY ELEMENT
CATEGORY AND SPECIES: BIRDS

PHASE 4

pus

Skull
Mandible
Vertebrae
Scapula
Coracoid
Sternum
Furcula
Humerus
Radius
Ulna
Carpometacar
Pelvis
Femur

i

Mergus

cucullatus

serrator

merganser 1 I 5 B @ - 3 |
Oxyura

jamaicensis 1 4 2 1
Circus

cyaneus
Agquila

chrysaetos
Haliaetus

leucocephalus 1
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americana 411156 8 R 3
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TABLE 13

NUMBER OF IDENTIFIED ELEMENTS BY ELEMENT
CATEGORY AND SPECIES: BIRDS

Gavia
immer
Podiceps
auritus
nigricollis
Spp .
Aecmophorus
occidentalis
Podilymbus
podiceps
Pelecanus
erythrorynchus
Phalacrocorax
auritus
Botaurus
lentiginosus
Nycticorax
nycticorax
Ardea
cinerea

Skull

Mandible
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Scapula
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PHASE 5
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Fibula
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Phalanges
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Cygnus
cygnus
columbianus
Branta
canadensis
Anser
Spp.
Geese
SpD.
Anas
teal
Platyrynchos
'mid-size"
Aythya
valisineria
collaris
affinis-marila
sSpp.
Bucephala
albeola
clangula

Skull

TABLE 13 (Continued)

NUMBER OF IDENTIFIED ELEMENTS BY ELEMENT
CATEGORY AND SPECIES:
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Mergus
cucullatus
serrator
merganser
Oxyurea
jamaicensis
Circus
cyaneus
Aquila
chrysaetos
Haliaetus
leucocephalus
Centrocercus
urophasianus
Fulica
americana

Skull

TABLE 13 (Continued)

NUMBER OF IDENTIFIED ELEMENTS BY ELEMENT

Mandible

Vertebrae

Ribs

Scapula

Coracoid

=

PHASE 5
§ @ ()]
— =
o = =1
o O @
g 55
0 =
k.

2
2 2

CATEGORY AND SPECIES:

Radius

BIRDS
w
=
[N
~
@
(&)
(]
L
(0]
£
& B
e 5
i R
25+ £
35
1

i )

Pelvis

Femur

Fibula

Tibiotarsus

Tarsometarsus

Phalanges

§CT



,r‘:‘q Mg 4
Crabe

(ALHE

7

L (/ L]
{ Q;) 3
(&

Gavia
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Podiceps
7 auritus
nigricollis
sSpp.
Aecmophorus
occidentalis
Podilymbus
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Pelecanus
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auritus
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lentiginosus
Nycticorax
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Ardea
cinerea
Cygnus
cygnus
columbianus
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sSpp.
Branta
canadensis
Geese
SpD.

TABLE 14

NUMBER OF IDENTIFIED ELEMENTS: BIRDS
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TABLE 1U4 (Continued)

NUMBER OF IDENTIFIED ELEMENTS: BIRDS
LEVEL
1 2 3 L 5 6 % 8 9 10 11 12 13 14 15 16

Anas
teal 1 ol v A TR R 1 6 1 2 4
nA 3 platyrynchos o5& M2 BB 85 @81 9 18 29 1 1 2
2 "mid-size" 4 208 p o8 I8 Y38 11 32 .33 B T
Aythya
valisineria 2 e W 5 L 39 75 4 12 3
collaris 1 o X 8 59 1 20 13
P9 < gffinis-marila L 6 T 2 5 10 42 7 599 960 0. 165" 37
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merganser b U A R SR G T e - S R | 26 63 1 5 11 5
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jamaicensis g 582 1 157 AL & 33 %2 18 9
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chrysaetos 1 1 51 6 &
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leucocephalus 3 2 1 i | X &
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urophasianus : 3 L
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(o0 americana e s 1Y AN I8 gden s Y00 i 292 659 14 15 137 103
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vociferous x
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Larus
argentatus
Bubo
virginianus
Nyctea
nyctea
Asio
flammeus
Corvus
corax

TABLE 14 (Continued)

NUMBER OF IDENTIFIED ELEMENTS: BIRDS
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TABLE 15

MINIMUM NUMBERS OF AVIAN INDIVIDUALS BY LEVEL
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TABLE 15 (Continued)

MINIMUM NUMBERS OF AVIAN INDIVIDUALS BY LEVEL
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TABLE 15 (Continued)
MINIMUM NUMBERS OF AVIAN INDIVIDUALS BY LEVEL
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TABLE 18

ABUNDANCE OF DIVING AND NCN-DIVING
WATERBIRDS, BY PHASE

5 L 3 2 !
Diving Birds
Loons 0 O 3 % 2
Grebes 4 10 25 €9 21
Cormorants k2 0 0 1 i 5
Ducks 17 19 ) 508 93
Coots L 16 65 183 4o
Proportion of total 65 51 .51 o4
Non-Diving Birds
Pelicans 0 1 2 0 6
Swans 2 L 3 3 X
Gesse L 12 64 10 L
Ducks 3 20 54 2l g
Gulls 0 0 0 ) 3 0
Proportion of total 273 1P U 05
All Other Birds 5 6 30 T 2

Proportion of total Jg .07 ol .01
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TABLE 19

NUMBER OF IDENTIFIED ELEMENTS BY ELEMENT
CATEGORY AND SPECIES: MAMMALS

PHASE 1

Skull
Mandible
Vertebrae
Ribs
Scapula
Humerus
Radius

Ulna
Metacarpals
Carpals
Pelvis
Fenmur
Patella
Tibia
Fibula
Metatarsals
Astragalus
Calcaneus

Sylvilagus

3

Lepus

Marmota

Spermophilus

Castor

Peromyscus

Microtus

Erethizon

Canis latrans

lupus

C.

familiaris

C'

= MNMN N

(% PR o SN R €

Spp .

Ursus

Procyon

Mustela

Taxidea

Mephitis

Iutra

o

Lynx

Cervus

Odocoileus

Antilocapra

Ovis

O e

Bison
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Other
Upper
Upper
Upper
Upper
Lower
Lower
Lower
Lower

Sylvilagus
Lepus

Tarsals
Incisors
Canines
Premolars
Molars
Incisors
Canines

Premolars i ¥

Molars

Unassigned:
Metepodials
Phalanges
Sesamoids
Canines
Cheek Teeth

TABLE 19 (Continued)

NUMBER OF IDENTIFIED ELEMENTS BY ELEMENT
CATEGORY AND SPECIES: MAMMALS
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TABLE 20

MAMMALS

NUMBER OF IDENTIFIED ELEMENTS BY ELEMENT
CATEGORY AND SPECIES:

PHASE 2
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TABLE 20 (Continued)

NUMBER OF IDENTIFIED ELEMENTS BY ELEMENT
CATEGORY AND SPECIES: MAMMALS
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TABIE 21

MAMMAT.S

NUMBER OF IDENTTFTED ELEMENTS BY ELEMENT
CATEGORY AND SPECIES:

PHASE 3
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Premolars
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TABIE 22

MAMMALS

NUMBER OF IDENTIFIED ELEMENTS BY ELEMENT
CATEGORY AND SPECIES:

PHASE 4
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TABLE 22 (Continued)

NUMBER OF IDENTIFIED ELEMENTS BY ELEMENT
CATEGORY AND SPECIES: MAMMALS
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TABLE 2%

NUMBER OF IDENTIFIED ELEMENTS BY ELEMENT

CATEGORY AND SPECIES: MAMMALS

PHASE 5
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TABLE 23 (Continued)

NUMBER OF IDENTIFIED ELEMENTS BY ELEMENT
CATEGORY AND SPECIES: MAMMALS

PHASE 5
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TABLE 2.4
NUMBER OF IDENTIFIED ELEMENTS: MAMMALS
LEVEL
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Lagomorpha
Rodentia
Carnivors

Artiocdactylia
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FIGURE 1

THE LOWER KLAMATH RASIN AND
ABORIGINAL MODOC TERRITORY
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FIGURE 2

VARIATION IN ABSOLUTE MINIMUM NUMBERS OF
INDIVIDUALS (MNI) DERIVED FROM THE MAXIMUM {(M_)
AND MINIMUM (Mi) DISTINCTICN METHODS &
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FIGURE 3

VARIATION IN NORMED MINIMUM NUMBERS OF
INDIVIDUALS (MNI) DERIVED FROM THE MAXIMUM (MX)
AND MINIMUM (Mi) DISTINCTION METHODS
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~ FIGURE 4
FLUCTUATION IN RELATIVE INTERVAL SIZES
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FIGURE 5
REIATIVE ABUNDANCE OF AVIAN FAMILIES
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FIGURE ©&

MINIMUM NUMBERS OF INDIVIDUALS (MNI)
OF NON~-DIVING WATERBIRDS, BY LEVEL
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FIGURE 7

MINIMUM NUMBERS OF INDIVIDUALS (MNI)
OF DIVING WATERBIRDS, BY LEVEL

e

60



16l

|

e e iied

is

A TR,

’
3

e

P

I ovet
i
#
3
¥
3 Ca)
amic|
3 Lo ]
3
m
e 3 . TR SRR 1R a2 : &
£ »rd
i
{
" s o e S SNBSS AL ¢
3
3
{
4
= 4 w?
8 vl
T h
et
¥ Lad
rrem vl o0 o
e
—i
WA gy Ty T
v &L
'J LD
Lo R
D e o
s ~N
ey oo
TN NN TG BT LRI WYY NP e ote Lol
e “ o &5 {oa st <
(] 2 R €D > L%
D un oy o) o o]

—an



162

FIGURE 8

RELATIVE ABUNDANCE OF DIVING AND
NON-DIVING WATERBIRDS, BY PHASE
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FIGURE ©

RELATIVE ABUNDANCE OF MAMMALTAN
ORDERS, BY PHASE
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