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INTRODUCTION

This survey was undertaken to determine the relationships between the
amphibians, reptiles, birds and mammals and the various factors of their en-

vironment. The Fort Leavenworth Military Reservation provides an area
sufficiently untouched by man to assure the existence of natural conditions
over considerable areas. McColloch (1926) lists Fort- Leavenworth as one
of the natural areas of Kansas.
The fact that a similar study for the Doniphan Lake Area in the Missouri
River Valley about 23 miles north of Fort Leavenworth, has been reported
upon (Linsdale, 1927, 1928a, 1928b, 1928c, 1933) affords opportunity for
comparison of similar areas after an interval of fifteen years. My work was
done from January, 1939, to November, 1940.

Rydberg's (1932) Flora of the Prairies and Plains of Central North
America was used, whenever possible, to identify plants; otherwise Britton
and Brown's (1936) An Illustrated Flora of the United States and Canada
was consulted. All specimens of vertebrates collected were placed in the
Museum of Natural History at the University of Kansas.
HISTORICAL

In 1804 Lewis and Clark reported, of their journey along the river near
the present site of Fort Leavenworth, "Pecan trees were this day seen and
large quantities of deer and wild turkey," (Hunt & Lorence, 1937). They
noted also an old French fort near the mouth of what is now known as Salt
* Published posthumously. Lieutenant Brumwell died December 14, 1941, as a result
of injuries incurred during the Japanese attack on Pearl Harbor. This paper is a con.
densed version of his thesis for the Master's degree.-A. Byron Leonard and E. Raymond

Hall.
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Creek at the northwest edge of the present site of Fort Leaven
the abundance of game and rich vegetation there was attractive to early
explorers, malaria discouraged early settlement and it was not until much
later that the region was inhabitable during the summer months.

The reservation contains 5842.31 acres. Of this, the 1800 acres used by
the Leavenworth Federal Penitentiary were unavailable for my study. The
approximate area included in this survey is 4042 acres.
PHYSIOGRAPHY

The Fort Leavenworth Military Reservation lies completely within the
glaciated plains. Much of the land is glacial drift and windblown loess which

forms a rich sandy silt. Elevations above mean sea level range from 740
feet at low water to more than 1083 feet on Government Hill and accessory
ridges. The upland slopes slightly to the east.
The Pennsylvanian series of the Carboniferous system of rocks outcrops
here. The indurated strata of Pennsylvanian Age are overlain in most places
by unconsolidated till and windblown loess of Pleistocene Age and in lower
areas by alluvium of Recent times. Beneath is a great thickness of Paleozoic
strata resting on granite. The order of the formations from the Missouri
River to the westward is alluvium, Weston Shale, Lawrence Sha!e, Oread
Limestone and glacial drift; windblown loess is found only on North Hill.

Erosion of the consolidated rocks, both before and after glaciation, produced more or less conspicuous escarpments capped by the resistant Oread
Limestone and rolling plains on non-resistant rock. The Oread Escarpment,
a strong topographic feature 150-340 feet high, forms steep slopes bounding
Pilot Knob, Government Hill and other narrow, irregular-shaped ridges west
of the Missouri River. The exceptionally high ridges north of Bear Creek
and east of the river are of the same formation.

A beautiful view of the broad valley of the Missouri River and Fort
Leavenworth may be obtained from these ridges.
The topography of the territory adjacent to the flood plains of the Missouri
River owes its character, in part, to the thick accumulation of loess along the
bluffs; rapid erosion down to the till is noticeable wherever the loess is present
and has formed miniature canyons.

The flood plain of the Missouri River is a broad fan-shaped, alluvial
deposit formed in the bend of the river to the east. This alluvium reaches a
maximum depth of 57 feet; the elevation varies from 740 feet at low water to
790 feet near the westem border along the mainland (Hinds and Greene,
1917).
DRAINAGE

The drainage is entirely to the Missouri River which flows south 30
degrees east with a gradient of 0.8 feet per mile. The estimated mean discharge per year is 71,030 cu. ft. per second; this varies from 16,200 cu. ft. per
sec. in December to 236,000 cu. ft. per sec. in July. In this same period
567,500 tons of suspended matter were carried per 24 hours. The range
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between high and low water at Fort Leavenworth is 28.2 feet. The
stream banks are from 20 to 30 feet high.

The channel frequently shifts and many oxbow lakes, sloughs, and m
are left to be slowly filled with silt during floods, and with vegetation
the recession of the waters. The general tendency of the river is to
right or west bluff, except at Fort Leavenworth where the river make

loop, 14 to 1?2 miles broad to the east.
Tributaries consist of Three Mile Creek (in part), Corral Creek, O
Creek, Quarry Creek, and Plum Creek and Salt Creek in part. The

PLATE 1.-The upper photograph shows the typical Symphoricarpos-sumach a
tion to the right center. The ranges of the forest and prairie dwellers overlap in
of a formation. Below is the prairie association of Grant Hill-Engineer Hill vicin
is the habitat of the meadow mouse: the grass in the background has been mow
the habitat favored by the striped spermnophile.
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courses of these streams gradually merge into the rolling up
courses have well-developed alluvial flood plains and complex m
& Greene, op. cit.).
CLIMATE

The Kaw Valley Biotic District has a sub-humid, mesothermal climate,
the precipitation being adequate at all seasons (VanDersal, 1938).
A meterological summary has been prepared for four stations: Fort Leavenworth; St. Joseph, Missouri; Kansas City, Missouri; and Topeka, Kansas.
This gives roughly a fifty-mile range to the north, south, east and west.

The normal annual precipitation for St. Joseph, Fort Leavenworth, Kansas
City and Topeka is 35.56, 35.50, 37.11 and 33.55 inches respectively.

In June, 1940, two hundred and eighty relative humidities were obtained
with a sling psychrometer. All readings were taken on clear days, with not
more than a slight breeze blowing, between the hours of 8:00 a.m. and 5:30
p.m. The mean reading for each association is shown below.
Association Temp. Rel. Humidity
Prairie . 84 53.7%
Symphoricarpos-sumach -80.3 56.6
Sedge-willow - 82.4 57.7
Cottonwood-elm . 78.6 64.5
Oak-hickory 78.6 68.1

The climate at Fort Leavenworth
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per cent in relative humidity (Weaver & Clements, 1938: 335). Judging
from the table above, temperatures in the various associations vary importantly;
yet the corresponding variation in relative humidity is more than two per cent.
BIOTiC RELATIONSHIPS

Kansas is almost completely within the Upper Austral Life-zone (Merriam,
eD al, 1910) except for the southeastern and southcentral countries where the
Lower Austral Life-zone intrudes several miles into the state.
The Missouri River Valley forms a huge corridor through which the Central Hardwood Forest extends westward, through the tall grass plains, into
the mixed grass regions. From this corridor the flora and fauna of the deciduous forest complex have spread up the stream valleys of northeastern Kansas
for many miles.

Kaw Valley Biotic District.-The flora of this district is characteristic of
the eastern deciduous forest, oak-hickory-walnut and elm-cottonwood associations.

The characteristic mammals are the flying squirrel, Glaucomys volans

Fahre

directio
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volans, short-tailed shrew, Blarina brevicauda brevicauda, thirteen-line

squirrel, Citellus tridecemlineatus tridecemlineatus, western harve
Reithrodontomys megalotis dychei, Florida cottontail, Sylvilagus f
mearnsii, chipmunk, Tamlas striatus griseus; the typical amphibians
crucifer, Triturus viridescens louisianensis, and Ambystoma macula

Cherokee Pra rie Biotic District.-This is the northward extension
same district from Oklahoma (Blair and Hubbel, 1938). The plant as
tions are similar.
The mammals include the short-tailed shrew, Blarina brevicauda hu
chipmunk, Tamias striatus venustus, Florida wood rat, Neotoma
attwateri, swamp rabbit, Sylvilagus aquaticus aquaticus, and the ri
Oryzomys palustris texensis. Terrapene carolina trianguis, and th
Storeria occipitomaculata, are the only reptiles typical of the district.

Ozark Biotic District.-This district enters the extreme southeastern
of the state for a short distance, the major portion of this distric
Oklahoma and Arkansas. The mammals include the golden harvest
Reithrodontomys fulvescens aurantius, chipmunk, Tamias striatus
brush mouse, Peromyscus boylii attwateri, muskrat, Ondatra zibethicu
icus. The typical amphibians are Eurycea multiplicata, E. melanople

~~~~~~~~~IIW~~~~~A 4

PLATE 2.-To the left is the cottonwood-elm forest near Corral Creek. The large
tree is a cottonwood, the others are elms. The Sherman Field forest is shown on the

right. The oak-hickory forms such a dense canopy that little undergrowth survives. The
tree in the center is about two feet in diameter. This habitat is occupied by the gray
squirrel, chipmunk, northern deer mouse, and cottontail rabbit; birds found here include

many fllycatchers, owls, broad-winged hawks, and occasionally an over-bird.
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Typhlotriton spelaens. Potamophis striatulus and Agkistrodon piscivorus
are typical reptiles.
Osage Savanna Biotic District.-For a short distance northward this district
is typical of that part of the district lying in Oklahoma. The mammalian

fauna is the same as in the part of the district lying in Oklahoma (Blair and
Hubbel, 1938: 433-34, 450).
In Kansas the rainfall decreases almost 8 inches from that farther south

and the flora consists of tall and mixed grasses with the admixture of many
shrubs, forming a connection between the deciduous forest and the mixed
grass plains. The white-footed mouse, Peromyscus leucopus noveboracensis,
meadow mouse, Microtus ochrogaster, pine vole, Pitymys nemoralis, and the
Florida wood rat, Neotoma floridana osagensis are common throughout; but
in the northern half of the district the deer mouse, Permyscus maniculatus
bairdii, pocket gopher, Geomys bursarius and Florida cottontail, Sylvilagus
floridanus mearnsii are found. Sylvilagus floridanus alacer and the hispid
cotton rat, Sigmodon hispidus texianus, range throughout the southern third
of the district.

Mixed Grass Plains Biotic District.-The broad prairie lying between the
Osage Savanna and the short grass plains extends from Oklahoma north into

Nebraska. It consists of mixed grasses with occasional "islands" of forest
and short grass formations.

The district has been subdivided into associations, the boundary being
drawn arbitrarily somewhat north of the Arkansas River.

(a). The northern mixed-grass association is charac:erized by the following
mammals: thirteen-lined ground squirrel, Citellus tridecemlineatus tridecemlineatus, deer mouse, Peromyscus maniculatus bdirdii and Peromyscus m. nebrascensis, pocket gopher, Geomys bursarius and Florida cottontail, Sylvilagus
floridanus mearnsii.

(b.) The southern mixed-grass association has more of the fauna and
flora which occur in Oklahoma. Probably the lower Arkansas River Valley
should not be included in this biotic district; it is undoubtedly a corridor from
a more mesophytic district. The mammals found here are the plains wood
rat, Neotoma micropus micropus, northern grasshopper mouse, Onychomys
leucogaster breviauritus, white-footed mouse, Peromyscus leucopus aridulus,
pocket gopher, Geomys breviceps llanensis, and thirteen-lined spermophile,
Citellus tridecemlineatus texensis. The snake Leptotyphlops myopica is found
here. The black-tailed jackrabbit, Lepus californicus melanotis, ranges throughout the association.
Short-Grass Biotic District.-This biotic district extends across the western

third of Kansas from Oklahoma into Nebraska. It has been divided into
northern and southern associations. No attempt has been made to designate
the many sand hills and other areas of special biotic significance. Future
investigation may show that the northwestern corner of the state is not to be
included in this biotic district.
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The southern association is typical of the Oklahoma short-grass plains
(Blair and Hubbel, 1938: 440-441). The mammalain fauna includes the
mole, Scalopus aquaticus intermedius, long-tailed weasel, Mustela frenata
neomexicana, badger, Taxidea taxus berlandieri, Audubon cottontail, Sylvilagus audubonii neomexicanus, pocket gopher, Geomys lutescens jugossicularis,

large spotted ground squirrel, Citel/us spilosoma major, 13-lined ground
squirrel, Citellus tridecemlineatus arenicola, deer mouse, Peomyscus maniculatus osgoodi, white-footed mouse, Peromyscus leucopus tornillo, and the
woodrat, Neotoma micropus canescens. The lizard, Sceloporus undulatus garmani, and the toad, Bufo insidior are found here.
The mammalian fauna of the northern association is decidedly different
and includes the following: spermophile, Cittelus obsoletus, 13-lined ground
squirrel, Citellus tridecemlineatus pallidus, striped skunk, Mephitis mephitis
varians, deer mouse, Peromyscus maniculatus nebrascensis, Florida wood rat,
Neotoma floridana campestris, prairie vole, Microtus ochrogaster' haydenii,
porcupine, Erethizon dorsatum bruneri, white-tailed jackrabbit, Lepus. town-

sendii companius, Florida cottontail, Sylvilagus flori4anus similis, Audubon

cottontail, Sylvilagus auduboni baileyi, and mole, Scalopus aquaticus caryi.
These mammals range throughout the major part of this association.
Between the biotic districts of Oklahoma and Kansas there is much
meterological difference. Although this difference is reflected in the flora,
its significance in the fauna is less apparent.
ECOLOGICAL ASSOCIATIONS

Fort Leavenworth, in the Kaw Valley Biotic District, is identical with the
Central Hardwood Forest. Clearing of most of the level land resulted in
the establishment of communities of tall and mid-grasses which are typical
of the Osage Savanna.
Classification into natural areas has been made according to the predominance of representatives of one biotic district or the other. The type of flora
is the indicator of the existing meterological and soil conditions (Weaver
and Clements, 1938: 454-465).
I. GRANT HILL, ENGINEER'S HILL AND VICINITIES

This area includes approximately 1354 acres, consisting of rolling prairie,
Andropogon-Poa association, and wooded streams, cottonwood-elm associations. It occupies a position between the alluvial plain and the escarpment in
the west, the elevation ranging from 800 feet, near the Missouri River, to
approximately 900 feet at the bases of Government Hill and Cemetery Ridge
(Plate I).
Prairie Association.-The prairie community is composed of tall and midgrasses; among the more common are big blue stem, Andropogon furcatus
Muhl., little blue stem, Andropogon scoparius Michx., western wheat grass,
Agropyron smithii Rydb., and Kentucky blue grass, Poa pratensis I In the
more mesic region, Indian grass, Sorghastrum nutans (L.) Nash, and Johnson

grass, Sorghum halapense (L.) Pers. form abundant societies.
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Due to heavy grazing (Weaver & Clements, 1938: 469-472), some of the
prairie has been invaded by the milkweeds,- Asclepias syriaca L., A. sullivantii
Engelm. and A. kansana Vail, the daisy flea-banes, Erigeron annus (L.) Pers.
and E. ramosus (Walt.), B. S. P., the yarrows, Achillea millefolium L. and
A. lanulosa Nutt., the broad-leaved gum plant, Grindelia squarrosa (Pursh.)
Dunal. and Baldwin's iron-weed, Veronia interior Small.

The slender, showy goldenrod, Solidago rigidiuscula (T. & G.) Porter
and Solidago glaberrima Martens, are comm-on on the prairie during late
summer. The white heather aster, Aster ericoides L., is conspicuous in the
autumn.

Among the more common plants that often form societies in this region
and in the adjoining open woods and thickets are: quack grass, Agropyron
repens (L.) Beauv., brome grass, Bromus japonicus Thunb., green bristle
grass, Setaria viridis (L.) Beauv., orchard grass, Dactylis glomerata L., wild

redtop, Panicum virgatum L., large crab-grass, Digitaria sanguinalis (L.)
Scop., purple love grass, Eragrostis pectinacea (Michx.) Nees., love grass, Eragrostis cilianensis (All.) Link., warty spruge, Poinsetta cuphusperma (Boiss.)

Small, Roman wormwood, Ambrosia elatior L., and ragweed, Ambrosia striata
Rydb.

COTTONWOOD-ELM AssOCIATION.-Corral Creek traverses the south half

of the area from west to east and the drainage of Merritt Lake and One Mile
Creek occupy the northern half. Both creeks form shallow gullies which
afford ample protection and moisture for a heavy growth of trees and shru'bs.
From the edges of this growth the more mesophytic inhabitants advance outward into the prairie. In the dry years, up to and including 1939, many
shrubs and a few trees which had become established on the prairie died.
The forest along the stream courses and gullies is mainly river poplar,
Populus deltoides Marsh, American, or white elm, Ulmus americana L.,
sycamore, Plantanus occidentalis L., white swamp oak, Quercus bicolor Willd.,
pin oak, Quercus palustris Muench. and soft maple, Acer saccharinum L.
The trees which are as much as eighteen inches in diameter at the height of

a man's breast (18" D.B.H.) are mostly poplar, elm and sycamore; there are
a few scattered oaks of this size. In a heavy growth of timber an 8 meter
quadrat was marked off and the trees within it counted. The quadrat contained one cottonwood, 18" D.B.H., and 8 elms 5" D.B.H.
The most numerous vines and undershrubs are poison ivy, Toxicodendron
radicans (L.) Kuntze, Virginia creeper, Psedera quinquefolia (L.) Greene,
riverside grape, Vitis vulpina L., greenbrier, Smilax hispida Muhl., bittersweet,
Celastrus scandens L., the touch-me-nots, Impatiens nortonii Rydb., and I.
pallida Nutt., violet, Viola papilonacea Pursh., and Wright's sedge, Carex sp.
Much of the timber has a heavy tangled undergrowth which often forms
an almost impenetra'ble mass of vegetation. Thus there is ample protection
and food for many species of mammals and birds.

Symphoricarpos-Sumach Association.-This association occupies the transitional zone between the cottonwood-elm and the prairie communities. It
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varies m width from three to one hundred yards. Its width usually
upon the amount and type of recent disturbance of the soil. The association
is characterized by the admixture of representatives of both prairie and forest
communities and numerous species of weedy annuals and perennials. The

growth is typical of the brush type, being dense and vigorous and provides
food ample both in quantity and variety, for an abundant fauna (Leopold,
1937: 254-255).

. .. .... .. ... .. .... . ,...
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PLATE 3.-Two stages in the formnation of a river sandbar. The upper photograph

was taken during May, the lower during August, 1939. Except for an occasional cottontail rabbit, opossum and raccoon, no mammals were found. The American toad, leopard

frog, soft-shelled turtle, and water snake were common.
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Littoral Association.-This community consists largely of the banks and
sandbars along the Missouri River, and the two small lakes, Merritt Lake and
Smith Lake. The sandbar recently deposited along the Missouri River
opposite Grant Hill is from fifty to one hundred and fifty yards wide and
approximately 350 yards long. The sand is completely flooded for a few
days each spring. During the season of 1939 most of the sandbar was covered
by yellow cyperus, Cyperus flavescens L., shining cyperus, Cyperus rivularis
Kunth, sedge, Cyperus rotundus L., dock-leaved persicaria, Persicaria lapathifolium (L.) S. F. Gray, pink smart week, Persicaria coccinea (Muhl.) Greene,
field horsetail, Equisetum arvense L., yellow water cress, Rorippa sinuata
(Nutt.) Hitchc., sessile-flowered cress, R. sessiliflora (Nutt.) Hitchc., and
smooth creeping love grass, Eragrostis hypnoides (Lam.) B.S.P. On a meter
quadrat, marked off in the above type of growth, a count of the individual
plants yielded 32 of grass, 2 of sedge, 1 of small willow, 5 of pigweed and 1
of seapurslane.

In the season of 1940 the aspect of the sandbar was greatly changed due
to a predominance of the cottonwood, Populus deltoides Marsh, and the
willows, including Salix missouriensis Beb., and S. interior Rowlee. Golden
dock, Rumex persicarioides L., and great water dock, R. britannica L., form
dense societies in this habitat. A one meter quadrat marked off in the area
dominated by poplar yielded 22 poplar saplings, 2 willows and 1 sedge.
A small pond, which was isolated on this sandbar by the recession of the
water, was seined in September, 1940. This yielded: carp 489, minnows
1398, gar pike 2, bullhead 2, blue channel cat 5, perch 196, bluegill 71, bass 3.
All except the gar pike were of fingerling size; the gar pike were 14 and 16
inches long.

Merritt and Smith lakes form the source of One Mile Creek. They are

approximately equal in size and have a combined area of approximately 9I2

acres. The depth of the water varies from a few inches to 20 feet. They are
surrounded by prairie with here and there an isolated tree or clump of bushes.
Repeated oiling of these waters in the summer seriously interfered with the
vegetation. Mosquitoes are more efficiently controlled by the introduction
of top minnows.
In August, 1940, these lakes were seined by the Leavenworth County Fish
and Game Development Association (Honeycutt, 1940); approximately 1500
pounds of rough fish were taken from the two lakes; the largest fish was a
buffalo weighing 36 pounds.

Smith Lake is well stocked with crappie and has a "sprinkling" of bass;
Merritt Lake contains practically no game fish.
II. GOVERNMENT HILL, NORTH HILL AND VICINITIES

The escarpment bordering the reservation on the west is composed of Government Hill, Cemetery Ridge and North Hill; the relief extends from 900
feet to 1083 feet. The exposure is mostly eastward, an equal amount being
to the north and south together. The approximate area is 1242 acres.

Three associations are present. The prairie and Symphoricarpos-sumach
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associations are almost identical here and at Grant Hill and Engineer
The increased elevation at Government Hill results in a more xeric con
there.

Oak-Hickory Association.-The oak-hickory association is typical of the
older upland woods of eastern Kansas. The most abundant trees are white

oak, Quercus alba, L., white swamp oak, Q. bicolor Willd., shingle oak, Q.
imbricaria Michx., blackjack oak, Q. marilandica Muench., pin oak, Q. palus-

I

.

.

....

PLATE.
and-

--

....,

.

4.-The

the

crack

scattered

g

198 THE AMERICAN MIDLAND NATURALIST 45 (1)
tris Muench., bitternut hickory, Carya cordiformis (Wang) K. Koch, shagbark hickory, Carya ovata (Mill.) K. Koch, and pignut hickory, Carya glabra
(Mill) Sqach. These trees are mostly of large size, one foot or more in
D.B.H., and consequently form a dense forest canopy. In these woods the
principal plants forming the understory of vegetation are may-apple, Podophyllum peltatum L., smooth Solomon's seal, Polygonatum commutatum
(Schultes) Dietr., common violet, Viola papilionacea Pursh, woodland fern,
Woodsia obtusa Torr., poison ivy, Toxicodendron radicans (L.) Kuntze,
wood nettle, Laported canadensis (L.) Gaud., and cleavers, Galium aparina L.
In some of the more open timber or where the old forest has died out,
many elms, Ulmus americana L., buckeye, Aesculus arguta Bucki., and red
bud, Cercis canadensis L., grow profusely. Other plants making up the understory of vegetation include bittersweet, Celastrus scandens L., persimmon tree,
Diospyros virginiana L., wild columbine, Aquilegia latiuscula Greene, greenbrier, Smilax hispida MuhI., and buck brush, Symphoricarpos orbiculatus

Muench. In the open woods and thickets, hemp, Cannabis sativa L., is
common.

Black walnut, Juglans nigra L., is found throughout this region. Hard
maple, Acer nigrum Michx., is confined entirely to a small area in the northern
part of this region.
III. SHERMAN FIELD AND VICINITY

This community embraces the broad fan-shaped alluvial plain formed in
the bend of the river to the east containing about 1446 acres. The area is
almost level but increases slightly in elevation toward the river (775 feet) and
then drops off rapidly to the low water level of 740 feet.
The eastern half of the area is mostly a subclimax deciduous forest of
oak-hickory-pecan with a fringe about the exterior of the cottonwood-elmsycamore association. In earlier times this forest covered much of the southern
half of the area but on the western part was removed more than fifty years
ago (Hunt & Lorence, op. cit.).

Cottonwood-Elm Association.-This association forms a rather well defined fringe, from 50 to 300 yards wide, around the oak-hickory association.
Typically the growth is heavy; the trees range up to 70 feet tall and 6 feet
D.B.H. The most abundant trees are American elm, Ulmus americana L.,
slippery elm, Ulmus fulva Michx., river poplar, Populus deltoides Marsh,
soft maple, Acer saccharium L. and the sycamore, Plantanus occidentalis L.
In the southern part of this area the floor of the forest supports almost
exclusively a society of the horsetails, Equisetum arvense L. and E. fluviatile? L.
Throughout most of the association the usual undershrubs are poison ivy,
Toxicodendron radicans (L.) Kuntze, riverside grape, Citis vulpina L., northern plum grape, V. labrusca? L., Virginia creeper, Psedera quinquefolia (L.)
Greene and greenbrier, Smilax hispida MuhI.
Oak-Hickory Association.-This association constitutes the interior of the

1951 BRUMWELL: ECOLOGY OF FT. LEAVENWORTH 199

forested area consisting of a heavy growth of hardwod timber with a few
scattered elms and cottonwoods. The forest is dense and the shade is almost
complete. The common trees are shagbark hickory, Carya ovata (Mill) K.
Koch, pignut hickory, C. glabra (Mill) Spach., pecan, C. pecan (Marsh)
C. K. Schneid., black walnut, Juglans nigra L., and several species of oaks.

PLATE 5.-Oak-hickory associatioli of Government Hill-North Hill vicinities. The
upper photograph is of an old forested area; the trees have recently died out. The under-

growth is mainly ragweed, hemp, sunflowers, and buckbrush. This is a favored habitat of
the woodchuck and spotted skunk. Pilot black-snakes and blue racers are numerous. The
lower illustration is of' a society of hard maple. Red-headed woodpeckers, bluejays and
fox squirrels are common throughout this region.
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In addition to the undershrubs of the cottonwood-elm associati

societies of cleavers, Galium aparine L., woodnettle, Laportea c
Gaud., and in a damp marshy place in the interior there is a
Gray's sedge, Carex asa-grayi Bailey. Scattered throughout are
jack-in-pulpits, Arisaema triphyllum (L.) Schott and smooth S
Polygonatum commutatum (Schultes) Dietr.

Sedge-Willow Association.-The sedge-willow association for

ectone between the forest and mainland, extending across the pe
north to south.

This transitional zone has a greater number of habitats, both
and kind, than any other association included in this survey.
the larger bushbrush sumach association closely approach those
type of a community.

In most of the area stabilization has not been approached an

from the hydrophytic to the mesophytic condition is still in rap

The northern part of this alluvial plain is formed by nume

filling oxbow lakes and marshes; in most of these the water is re

during the very high water of early spring or by heavy rain
this region sandbars and embankments have become well covered
growth of willows and cottonwoods, some of which are twe

feet tall.

The major portion of the remaining area consists of a mixed growth of
trees, shrubs and weedy annuals. The more abundant trees, most of which
are less than twenty feet in height, are river poplar, the willows, Salix missouriensis Bebb., and S. interior Rowlee, sycamore, Plantanus occidentalis, L.,
and tamarisk, Tamarix gallica L.
Most of the undergrowth in this type of cover consists of broad societies

of horsetail, Equisetum arvense L., yellow cyperus, Cyperus flavescens L.,
shining cyperus, C. rivularis Kunth., nut grass, C. rotundus? L. and Wright's
sedge, Carex sp.

Scattered among the clumps of bushes and trees are many patches of ragweed, Ambrosia striata Rydb., green foxtail, Setaria viridis (L.) Beauv., yellow
bristle grass, S. lutescens Weigel, giant reed grass, Phragmites communis Trin.,

smartweed, Persicaria lapathifolium (L.) S. F. Gray, pink smartweed, P.
coccinea (Muhl.) Greene, golden dock, Rumex persicarioides L., great water
dock, R. britannica L., lamb's quarters, Chenopodium album L., Indian cup,
Silphium perfoliatum L., Kansas sunflower, Helianthus annuus L., and hemp,

Cannabis sativa L.

ANNOTATED LIST OF AMPHIBIANS

Included in this list are all specimens collected and those reported from
this area. Species not collected but, known to occur in the region are so

indicated.

The two positive factors seemingly of prime importance for occurrence
are suitable breeding places and places affording protection throughout dry
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periods. Temporary rain pools permit many species to reproduce; cover is
afforded by burrows, crevices under rocks and by surface debris. Breeding
places and protection in dry periods may be present in only a small fraction
of the total area of an association.

~ ~ ~ ~ ~ ~ It

PLATE 6.-The upper photograph is a general view of the Sherman Field vicinity
showing the sedge-willow and cottonwood-elm associations. Along the edge of this forest
the population of Peromyscus was approximately eight per area. The lower view is of an
extensive vicinity of horsetail extending from the sedge-willow association into the adjoining cottonwood-elm association. The cottontail rabbit is numerous throughout the associations.
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Ambystoma maculatum (Shaw), Spotted Salamander.-Although this
salamander has not been collected in this area its presence in the Kaw Valley
Biotic district (Smith, 1934) indicates that it may yet be found.
Ambystoma tigrinum mavortium (Baird), Tiger Salamander.-Occasionally found in old water holes and especially in damp basements. No breeding
areas were discovered.

Necturus maculosus maculosus (Rafinesque), Mudpuppy. The mudpuppy was rarely found on the reservation. It is occasionally taken in the
Missouri River and ponds near its banks. In some of the tanks on farms in
this area it is common.

Bufo americanus dmericanus (Holbrook), American Toad.-American
toads are more common in this region than Rocky Mountain toads, and were
most numerous in the prairie and open woodlands. During the breeding
season they are about twice as numerous as the Rocky Mountain form. They
are generally distributed throughout the entire reservation. No males were
heard calling or discovered in the Missouri River, although the species breeds
freely in the small ponds adjacent to the river.

Bufo woodhousii woodhousii Girard, Woodhouse's Toad.-Although the
American toad was more numerous than this species during the breeding season,
the Woodhouse toad was more in evidence during rains that fell in the late
summer. It was also more common in the heavily wooded oak-hickory association throughout. the summer. During a rain in August seventeen of these
toads were picked up in the vicinity, of Grant Hill, while only seven specimens

of the American toad were found; in the spring this ratio would be approximately reversed.

Acris crepitans Baird, 'Cricket Frog.-This is one of the most common
frogs of the area, being found throughout in meadow and forest pools and
along all the streams. Eggs were found only in the upper courses of the small
streams and in the smaller ponds and temporary rain pools.

Pseudacris nigrita triseriata (Wied)s Swamp Cricket Frog.-This frog is
abundant in small ponds near streams and in the woods. Temporary ponds
seem to be preferred as breeding places. In some regions this frog is more
numerous than the common cricket frog. During April, 1939, it was heard
constantly but soon disappeared and was not seen again until the rain of
August 16, at which time it did not call.
Hyla crucifer Wied, Spring-Peeper.-The type specimen of this frog was
obtained at "Cantonment Leavenworth, Kansas" in 1938; the species has not
been found in this region since. It is hoped that some future collector will
be able to secure additional specimens from this locality.

Hyla versicolor versicolor (Le Conte), Tree-toad.-The tree-toad seems
to be rare in this region. Due to its secretive habits and almost perfect concealment it is usually encountered only by accident. Probably this frog is
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more common than specimens would indicate. The specimens were- taken
from dead elm trees.

Rana catesbeiana Shaw, Bullfrog,-This species is a common inhabitant
of the littoral association, although it is more numerous in the streams than
in the quiet ponds. In June, 1939, more than one hundred and twenty were
collected along Salt Creek. The tadpoles were usually found in the lower
and more permanent parts of the tributaries. Not many of the larger bullfrogs escape the epicure in this part of the state.

Rana pipiens Schreber, Leopard Frog.-The spotted pond frog is numerous
in most associations that offer the necessary moisture. Most of the individuals
seen were at least half grown, although many that were younger were seined
from the small creeks and ponds.
On August 16, 1939, while collecting during a rain, thirty-seven of these
frogs were captured in a distance of one hundred yards along a bluff near
the Missouri River.

While walking along the Missouri River in normal summer weather it
was noted that these frogs hit the water with surprising regularity; upon
counting the number of plopping frogs and the number of steps taken it was
found that the frogs averaged one individual for each eleven steps. This
procedure was followed on successive days along one mile of shoreline, and
the average remained approximately the same. The frogs that were thus
alarmed were usually at least half grown. After one had passed, they soon
climbed from the river and took up their former positions on the bank, concealed under lumps of mud or debris.

Microhyla olivacea (Hallowell), Western Narrow-mouthed Frog.-In
1939 the results of extensive collecting indicated that this species was rare;
only a few individuals had been found at widely separated places in the oakhickory association in the vicinity of Government Hill-North Hill. In 1940
specimens were actually very numerous in the prairie association as well as in
the open woodlands.
On one rainy night in August, fifteen specimens were collected and many
more were seen. All those collected were very fat; twelve of these contained
from sixty-five to eighty-five ants each. They were never heard calling at any
season of the year.
ANNOTATED LIST OF REPTILES
This list includes specimens that have been collected in this area, those seen
and identified with certainty as well as species whose general range includes
this region.

Some kinds of reptiles occupy small ecological niches which allow protection for adults and young; however, their range for feeding may extend a con-

siderable distance from this den. The absence of suitable niches would make
it impossible for some species to maintain themselves in some areas.

Anolis carolinensis Voigt, Chameleon.-This lizard may be established
along the Missouri River at Ft. Leavenworth and Leavenworth. In July,
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1940, some boys brought me a lizard in a tin can, and said that they had
killed fifteen others in the thickets along the bank of the Missouri River.
This lizard proved to be Anolis; it was healthy and fat. I inquired about the
neighborhood concerning these lizards and found that a family had been
sent two dozen of them during the summer of 1938. They were kept until
some time in August and then released not far from where they were found.
It is a certainty that some of these lizards passed through the winter successfully. No other specimens were obtained.

Sceloporus undulatus hyacinthinus (Green), Southern Fence Lizard.-This
lizard is rather rare; it was found along a rocky ledge in the oak-hickory
association of the Government Hill vicinity.
Ophisaurus ventralis (L.), Glass-snake Lizard.-Several specimens of
"glass-snake" were found by residents of Ft. Leavenworth. Some boys brought
me one for identification which they had found in the cottonwood-elm association; they kept it for their own collection. Evidently this lizard is rare in
this locality.

Cnemidophorus sexlineatus (L.), Six-lined Racerunner.-This was the most
common lizard on the reservation. It was usually found in the old woodlands,
especially about rotted logs and in rock ledges.
Leiolopisma laterale (Say), Brown Skink.-This lizard is rather rare.
Only a few specimens were seen. These were near a limestone ledge in the
cottonwood-elm association near Corral Creek.
Eumeces fasciatus (L), Five-lined Skink.-The five lined skinks are
common throughout the hardwood forest of the higher areas, especially in the
vicinity of Government Hill-North Hill.
Eumeces obsoletus (Baird and Girard), Sonoran Skink.-One of the few
specimens found was in the prairie under a flat rock. The others were in the
open woods near the edge of the forest.

Carphophis amoena vermis (Kennicott), Worm Snake.-This snake was
common on the hillsides of the oak-hickory association in the vicinity of
Government Hill-North Hill during 1939. Sometimes it was found under
rocks in association with Tantilla and Diadophis. In 1940 only a few of these
snakes were found. They were not found along the Missouri River bank
where Diadophis was common.

Diadophis punctatus arnyi (Kennicott), Ring-necked Snake.-Ring-necked

snakes are found mostly along clay banks or on hillsides where flat rocks
abound. These areas are usually open woods or buckbrush-sumach formations. Along the clay banks they often inhabit fissures in the clay. In early
spring, in damp weather, these snakes are observed numerously and are often
found abroad during the day. During the hot dry weather of the summer

they were not present in any of their usual haunts, but were estivating in
their tunnels below the surface. A rain in August or September always brings
them out for a few days.
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In May, 1940, there were fourteen of these snakes on about one
yards of clay bank near the Missouri River. None of these snakes was ever
found in the more mesophitic areas of the forest.

Heterodon contortrix (L), Puffing Adder.-No specimen of this snake
was obtained but its range includes this region and it may occur in the area
in limited numbers.
Coluber constrictor flaviventris (Say), Blue Racer.-This is one of the
more common snakes of the reservation, especially in the vicinity of Government Hill-North Hill. In some places a half dozen individuals might be
found within a radius of a hundred yards. A "nest" containing twenty-two
eggs was found on the west slope of Miles Point. One of these eggs later
hatched in the laboratory.

A few adults were seen in low trees; they are adept at escaping through
the tree tops.
In the areas where these snakes and the pilot black-snake were most
numerous the smaller rodents were rarely found.

Elaphe laeta laeta (Baird and Girard), Emory's Rat Snake.-Two young
individuals of this rare species were found in 1939. One of these was taken
from a willow tree.

Elaphe obsoleta obsoleta (Say), Pilot Black-snake.-The pilot blacksnake was common in the old woodlands occupying the higher portions of the

reservation. In the vicinity of North Hill three or four adults were found
on almost every acre during the summer of 1940. It was there that the population of Peromyscus was so very low. This species was not found in the dense
woods; the species seemed to prefer the open woods and thickets.
I Pituophis sayi sayi (SchIegel), Bull-snake.-The bull-snake is rarely found
in this area. No adults were found but several were reported killed by workmen about the post.
Lampropeltis calligaster (Harlan), Yellow-bellied King Snake.-These
snakes were rather uncommon; one would expect them to be more numerous.
A few were found on the prairie and in the more open woods in the vicinity
of Government Hill.

Lampropeltis getulus holbrooki (Stejneger), Spotted King Snake.--The
range of this subspecies includes this area but no specimens have been seen.
Several boys have described snakes found on the reservation which undoubtedly were of this form.

Lampropettis triangulum syspila (Cope), Red King Snake.-Red king
snakes are rather rare, although personell of the Sanitary Corps reported that
while cleaninlg up piles of stones and old brush they often killed these snakes.
One was found under a large flat rock coiled among ring-necked snakes.

Natrix erythrogaster transversa (Hallowell), Blotched Water Snake.-One
specimen was found dead on a sandbar in the Missouri River. The species is
not nearly so common as N. s. sipedon.

206 THE AMERICAN MIDLAND NATURALIST 45 (1)

Natrix sipedon sipedon (L.), Water Snake.-The water snake was
common along Corral Creek, Salt Creek, the Missouri River and in some of
the larger ponds on the north side of Sherman Field. Several were taken
under rocks around a cool spring near Grant Hill.

Storeria dekayi texana Trapido, DeKay's Snake.-One individual was
obtained in the open woods of the oak-hickory association. No other evidence
of the species was found.

Haldea valeriae elegans (Kennicott), Brown Snake.-The range of this
snake includes Ft. Leavenworth and it may be present.

Thamnophis radix (Baird and Girard), Plains Garter Snake.-A few
plains garter snakes were found, but the species is not so common as the redsided garter snake. Only one adult was seen, the rest being very young
individuals.

Thamnophis sauritus proximus (Say), Western Ribbon Snake.-The
western ribbon snake was found only in the prairie association. Records consist of three examples found dead on the road.

Thamnophis sirtalis parietalis (Say), Red-sided Garter Snake.-This is
the most common garter snake. It generally inhabits the more mesophytic
areas of the prairie; the moist clay bluffs of the. buckbrush-sumach association
and river and stream banks are its favorite haunts. Six specimens were collected near one spring along the Missouri River.
While I was observing birds in June, 1940, a pair of Bell's vireos started
a commotion among some young elm trees; investigation revealed a large
female garter-snake slowly making its way towards the vireos' nest which
contained three young.
Tropidoclonion lineatum (Hallowell), Lined Snake.-Due to its rather
secretive habits this species is seldom found in this area although it may be
more abundant than present records would indicate. One snake was found
dead on a road. Seven others were obtained in May, 1940, from approximately eighteen inches below the surface of the ground in a damp, rocky meadow
near Corral Creek. On June 8, 1940, a large adult was obtained in the damp
forest in the vicinity of North Hill. Earthworms were numerous in both of
the last-mentioned situations.

Tantilla gracilis Baird and Girard, Slender Tantilla.-Several specimens
were collected in the vicinity of Government Hill under flat rocks; most of
them were in open woods. The species was rather common throughout this
area in 1939 but fewer examples were seen in 1940. Sometimes it is found
associated with Carphophis, rarely with the ring-necked snake.

Agkistrodon contortrix (L), Copperhead.-The copperhead is rare; the
presence of large numbers of horses on the reservation has caused men who
are interested in the horse to kill all poisonous snakes found. Of course
almost every snake seen is immediately dispatched by those ignorant of its
identity.
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Sistrurus catenatus catenatus (Rafinesque), Massasauga.-The species is
known from only one record, in Salt Creek Valley on the edge of the reservation, where a specimen was exposed by a crew building a road. In earlier
days the settlers of this area reported that many of these rattlesnakes were
turned up while plowing.

Crotalus horridus horridus (L), Timber Rattlesnake.-A large adult was
picked up dead on a road in the oak-hickory association in the vicinity of
Government Hill. Several other individuals were reported killed on the
reservation. The species was found in the buckbush-sumach and cottonwoodelm associations along Corral Creek.

Chelydra serpentina (L), Common Snapping Turtle.-The snapping
turtle is common in the Missouri River and the smaller streams. Several
adults were found more than a hundred yards from water. In September,
1940, an adult was saved from. the oak-hickory association in the vicinity of
North Hill, at which time of the year the nearest water was more than four
hundred yards away.
Very large specimens of this turtle are freauently killed along the Missouri
River. On May 6, 1939, a large individual became entangled in the propeller
of one of the river tugs and although badly mangled it took about an hour's
work to free it from the shaft.

Terrapene ornata (Agassiz), Ornate Box Turtle.-The box turtle, although
frequently encountered in late spring and early summer, must be considered
rare. Many persons living in this locality for several years- had never seen a
specimen. In spring, box turtles were found in the oak-hickory forest in the
vicinity of Government Hill. Later in the summer they were often found
feeding on ripened mulberries which had fallen to the ground. These turtles
are extremely fond of June bugs and crickets; these insects are preferred to
other forms of food whenever there is a choice.
Graptemys pseudogeographica pseudogeographica (Gray), Mississippi Map
Turtle.-This turtle was found mainly in backwaters from the Missouri River.
It was rarely found in the small streams of the reservation drainage system.

Chrysemys picta belliti (Gray), Western Painted Turtle.-This turtle
varied in its distribution; during 1939 few were seen but in June, 1940, it was
common in the lower parts of the small streams. After a heavy rain few were
seen during the entire ensuing summer. It is judged that they were swept out
into the Missouri River from which they failed to return to the tributary
streams.

Pseudemys scripta troostii (Holbrook), Troostes Turtle.-Troost's turtle
was found in the shallow water of all the small streams; often several would
be seen sitting on an old log in the river. They are not so numerous as the
westem painted turtle.

Amyda mutica (Le Sueur), Spineless Soft-shelled Turtle.-This species
was found only in the old ponds left during flood stages of the Missouri
River. There were mostly young individuals in these ponds, none being
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larger than four inches across. Probably the species occur
River and the lower parts of its tributaries.

Amyda spinifera spinifera (Le Sueur), Spiny Soft-shelle
turtles of this species were found along the Missouri River
species was found in the backwaters where stagnant ponds h
ANNOTATED LIST OF MAMMALS

The arrangement of the species and subspecies in general follows Miller
(1924). Subspecies described subsequent- to 1924 are included.

Didelphis virgin&ana virginiana Kerr, Opossum.-The opossum is a woodland species widely distributed in this area. Many are taken each year by
hunters and trappers. A female picked up dead in April, 1940, on Grant
Avenue, carried in her marsupium twelve very immature young. A half
grown male was killed on March 13, 1940, in the cottonwood-elm forest in
the vicinity of Sherman Field. Tracks of the opossum are commonly seen
along the river and stream banks.

Scalopus aquaticus machrinoides Jackson, Eastern Mole.-The mole is a
common fossorial inhabitant, probably ranging throughout the entire area
from time to time. In some places in the vicinities of Government Hill and
Grant Hill the ground is honeycombed by moles.
The vicinity of Engineer Hill consists of a golf course, bordered on the
west for six hundred yards by the woodland of Cemetery-Ridge. All moles
are trapped as fast as they invade the golf course. From March 22, 1940, to
June 16, 1940, 12 moles were trapped that had crossed the road into the
golf course. Eight were females and four were males.
The autumnal rains seem to activate many moles in the prairie; these may
have been active throughout the dry period but, if so, were confined to a
greater depth or to the near-by moist woodland and ravine.

Moles tunnel extensively about patches of latge weeds and brush, such as
goldenrod, ragweed and buckbrush.

Several moles explored the new sandbars, tunneling out from the main
bank of the river. Apparentfy these excursions are carried out in a hit or miss
manner, the animal'digging long "feelers" in different directions in search of

food. Wherever a patch of sedge, grass, smartweed or young willows was
reached the animal made many tunnels, suggesting that insects and their
larva were numerous in these places. When a patch of young cottonwoods
was entered the mole usually turned back after digging a short distance.

BMarina brevicauda brevicauda (Say), Short-tailed Shrew.-This shrew is
not numerous in any association. One hundred traps in a quadrant in the
sedge-willow association yielded a little more than one shrew to each two
acres. Sign of this shrew was even scantier in the other associations where
it was found.

Cryptotis parva (Say), Small Shrew.-Only one individual was found; it
was in the cottonwood-elm association near Corral Creek.
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Myotis keeni septentrionalis (Trouessart), Trouessart Bat.-Trouessart

bat probably o'ccurs, at least occasionally, in the Kaw Valley biotic district,
for it occurs in the adjoining parts of Nebraska, Iowa and Missouri (Hibbard,
1933).

Myotis lucifugus lucifugus (LeConte), Little Brown Bat.-Only one
specimen was taken in this area, but several times bats resembling this species
in their manner of flight were observed feeding near the river and streams.

Eptesicus fuscus fuscus (Beauvois), Big Brown Bat.-The big brown bat
is common during summer and hibernates locally in caves during the winter.
Often several are seen flying over the river or woodlands, especially open
woods. A few were seen feeding along the river bank late in the afternoon
in October, 1939; at this time of the year the evenings were too cold to allow
insects to be active except in the daytime.
Lasiurus cinereus cinereus (Beauvois), Hoary Bat.-The hoary bat was
occasionally seen every summer. A female, with two half grown young, was
obtained in an elm tree in July, 1939. Several were found dead after a
violent storm in August. This bat is seldom seen over the Missouri River but
was observed, on several occasions, feeding about lights near buildings.

Las.urus borealis borealis (Muller), Red Bat.-Although only one red
bat was obtained, several bats that were flying over the river and adjoining
woodland were tentatively identified as belonging to this species.
NVycticeius humeralis (Rafinesque), Rafinesque Bat.-This bat is probably
of occasional occurence in the Kaw Valley biotic district. It has been reported
from the adjoining area in Missouri.
Euarctos americanus americanus (Pallas), Black Bear.-The black bear
now is extinct in the area.
Procyon lotor hirtus Nelson and Goldman, Raccoon.-Tracks of the
raccoon were frequently seen along all streams. Near the pools of water left
by the recession of the river, tracks were always numerous as long as any fish
remained in these pools.
A mother and half grown young raccoon were chased from a hollow oak
tree near Grant Hill. This was a lone tree about fifty yards from the neighboring woodland. In the winter of 1939 a trapper near Corral Creek, who had
just killed a racoon, said that he caught three or four raccoons on the reservation each winter.

Muste.a frenata primulina Jackson, Long-tailed Weasel.-A female, caught
in a rat trap, was kept captive at Ft. Leavenworth for over a year. Near the
Missousi River, one was chased into a den. The den may have belonged to
the weasel or to a Franklin ground squirrel which species was common at that
place.

Mustela vison letifera Hollister, Mink.-The mink is not numerous but its
tracks are evident, throtughout most of the year, near the streams. The tracks
of one were followed, after a new fall of snow, as they ran at right angles
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to -and away from the Missouri River. The mink had gone
river about one hundred and fifty yards, apparently search
had then turned to the side for thirty or forty yards and p
the river. This hunting technic was repeated several times
tracks were roughly parallel.
Lutra canadensis lataxina (F. Cuvier), River Otter.-This species is
thought to be extinct in the area studied.

Spilogale interrupta (Rafinesque), Spotted Skunk.-The spotted skunk is
a common inhabitant of woodland and broken terrain about ledges, and
railroad ballast. Evidence of this skunk was found in every association except
the prairie. From the number of dens found occupied there could not be
more than one Spilogale for every twenty or thirty acres.

Mephitis mephitis avia Bangs, Striped Skunk.-This skunk was rather
rare; only two specimens were seen and about a half dozen dens were found
on the reservation.

Vulpes fulva (Desmarest), Red Fox.-The red fox is rare although a few
years ago it was rather common. A few foxes have been introduced in this
region and have undoubtedly escaped in the wild. The last record of one
killed at Ft. Leavenworth was in the early thirties.

Urocyon cinereoargenteus ocythous Bangs, Gray Fox.-The gray fox was
reported as common in eastern Kansas in former days but it is now probably
extinct throughout this area.

Canis latrans latrans Say, Coyote.-The coyote has been reported as
common in the Missouri Valley region twenty to thirty years ago and for a
time was considered almost extinct. However, in the last three years they
have become common on the Military Reservation. Three were killed there
in the fall of 1940; one of these was near the residential section of the post.
Canis lupus nubilus Say, Timber Wolf.-The timber wolf has long been
only a legendary animal of this area.

Lynx rufus rufus (Schreber), Bobcat.-The bobcat disappeared from this
area some years ago; however, its ecological niche may be occupied by the
domestic cat which roams wild a good part of the year.

Marmota monax bunkeri Black, Woodchuck.-The woodchuck is common
although its distribution is spotty. In the vicinity of Government Hill-North
Hill it is most numerous; sight records and the number of occupied dens
indicate a population of one or two animals to each 20 acres. Dens were in
the prairie and buckbrush-sumach association. A few dens were in the woods
but most of these were near clearings or in the more open timber.

Citell'us franklini (Sabine), Franklin Spermophile.-A colony of a dozen
or fewer of Franklin ground squirrels on the Missouri River bank, opposite
Grant Hill, occupied the buckbrush-sumach association. After the sandbar
was formed in the river near this locality they followed the moles in invading
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it; often their burrows were merely elaborations of the moles' tunn

Citellus tridecemlineatus tridecemlineatus (Mitchell), Thirteen-lin
mophile.-This species is usually common and occasionally numero
prairie association, and is found even in the mixed thickets. On the

the grass is kept short by mowing. There the population varies f
to two per acre. The numbers are kept in check by constant trap
spermophiles invade the more desirable portions of the greens
many individuals migrate in from the surrounding prairie.

Preference was shown for the shallow valleys and ravines of u
Mile Creek, where the Citellus took over the abandoned pocket g
nels. During the spring and other wet seasons these tunnels were un
and the squirrels necessarily occupied the neighboring high ground

The vicinity of Grant Hill-Pope Hill is prairie, thickets and m
timber. Most of the prairie is heavily grazed and consequently ov
by tall perennials such as goldenrod, yarrow, ragweed, narrow-le
weed and sensitive briar. Here there are from one to two animal
three or four acres. The spermophiles forage a good deal in the t
the transitional growth about the limits of the woodland. Most o
are twenty to fifty yards out in the prairie association.

One might expect the population to be greater in the habitat
above since food is more abundant there than in the vicinity of
Hill. At Engineer Hill the terrain is more open and consequently
field of vision is afforded. Enemies appear to be equally abundan
areas.

7Tamias striatus griseus Mearns, Eastern Chipmunk.-Squirrel hunters
may have contributed to the reduction in numbers of this species for it is
shot because the hunters do not know what a chipmunk is. Only one animal
was seen in this area; it was in the oak-hickory association in the vicinity of
Sherman Field.

Sciurus carolinensis carolinensis Gmelin, Gray Squirrel.-This squirrel is
found only in the woodlands in the vicinity of Sherman Field. It is not
numerous, yet several are shot each year by squirrel hunters.

Sciurus niger rufiventer Geoffroy, Fox Squirrel.-The fox squirrel is
numerous throughout the oak-hickory association. Since squirrel shooting has
been allowed in the forests in the vicinity of Sherman Field, numbers have

been considerably reduced. A low estimate of the number killed each year
would be two hundred. The population of these squirrels has built up during
the years to be in balance with the available food, mostly mast. In the past
few years people have stripped the woods of all walnuts and pecans that they
can find. During the fall of 1940 this was done so thoroughly that but little
of these two forms of mast were left for the squirrels, and several times the
squirrels were seen making trips into the weed patches, mainly ragweed, to
collect seeds. Some of the squirrels traveled more than a hundred yards to
gather food.

Counts of individuals and nests in the vicinity of Government Hill-North
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Hill indicate a population of one squirrel for each two to th
distribution is not uniform.
Glaucomys volans volans (L), Eastern Flying Squirrel.-My one specimen was an animal killed by workmen while felling a tree.
Geomys bursarius majusculus Swenk, Pocket Gopher.-Pocket gophers are
numerous in the vicinity of Government Hill-North Hill. In one area of
mixed prairie they had so undermined the ground that it was difficult to walk
over it because the tunnels caved in. Despite the abundance of pocket
gophers, the vegetation was exceedingly rich and rank for the summit of a
hill; in addition the soil was soft and loose. It was quite evident that under
natural conditions, vegetation benefits greatly from the tillage accomplished
by the pocket gopher.

Several specimens were obtained from different associations but not enougi
data was accumulated to allow for an estimate of the size of the population.

Castor canadensis missouriensis Bailey, Beaver.-There was a colony of
beaver in the lower part of Salt Creek Valley a few years ago, but all traces of
this colony have since disappeared. With the general increase in the population of the beaver it probably will again become established in this area. All
the essentials for existence are here readily available.

Reithrodontomys montanus griseus Bailey, Gray Harvest Mouse.-No

mouse of this species was found although the species occurs in the general
region.

Reithrodontomys megalotis dychei Allen. Western Harvest Mouse.-

Two specimens of this harvest mouse were obtained; one in a society of dock
of the littoral association near the Missouri River, and the other was trapped in
the oak-hickory association in the vicinity of Government Hill.
Peromyscus maniculatus bairdii (Hoy and Kennicott), Deer Mouse.-This
mouse was not numerous in any association. The population, estimated from
trap records, was not more than one animal per acre which for this species is
an exceptionally low number. In many favorable habitats the house mouse
was twice as numerous as the deer mouse. In similar areas where thei house
mouse was absent the population of maniculatus was more abundant. The
deer mice were often found in an island of prairie isolated by surrounding
timber. In one instance they must have migrated through about one hundred
yards of cottonwood-elm forest in order to have established themselves on a
sandbar recently deposited by the river. A pair, of breeding age, was collected
here.

Peromyscus leucopus noveboracensis (Fischer), White-footed Mouse.-The
size of population of the white-footed mouse in the different associations was
estimated by trap-quadrants. These consisted of five parallel lines of twenty
traps each spaced about fifty yards apart; the distance between traps in each
line being ten paces. In some areas, especially at the edge of woods or alorig
rocky ledges, a single line of traps was used. Calculation of density of
population was based on the method described by Burt (1940).
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The sedge-willow association of Sherman Field had an average population of four white-footed mice per acre during March, 1940. Along the edge
of the cottonwood-elm association the population was eight per acre; the oakhickory association averaged slightly more than three per acre. Here it was
noted that the population fluctuated greatly, depending on the amount and
kind of undergrowth present. In the brush and thickets along the bank of
the Missouri River the population was three per acre. In the vicinity of
Grant Hill-Engineer Hill the terrain is broken by many gullies and wooded
ravines and the nmouse ranges over much of the nearby prairie. The cottonwood-elm association along Corral Creek had a population of almost five per
acre during March, 1939, but by November this had dropped to about 3 per
acre.

Trapping records from the upper reaches of Corral Creek indicated a
population of two per acre in November, 1940. In this locality it was noted
that Peromyscus leucopus was trapped much farther out in the prairie than at
any other place. The fringe of trees along the banks of Corral Creek was
narrow here.
The vicinity of Government Hill-North Hill had the lowest population of
these mice. During July, 1940, the woodland south of North Hill was

trapped very extensively and the population appeared to be less than one
individual for each two acres. In this formation the population of the pilot
blacksnake and blue racer was one to two adults per acre.

During November and December, 1940, the Government Hill vicinity was
trapped extensively and the population varied between one and two mice
per acre.

Neotoma floridana osagensis Blair, Florida Woodrat.-The woodrat is not
numerous in the area studied. Occasionally it came near garbage dumps and
usually was trapped since no distinction was made between it and the common
Norway rat. Florida woodrats occurred locally along the river bank and
there were a few in the forested areas.

Synaptomys cooperi gossii (Coues), Cooper Lemming Mouse.-No evidence of this was observed, but it may have occurred in this locality in past
years.

Microtus ochogaster ochogaster (Waagner), Prairie Vole.-This meadow
mouse was numerous in the prairie and sedge-willow associations. Its preferred habitat was damp, rich, meadow land of blue grass, Johnson grass or
sedge. The distribution was spotty; an acre or two would have many burrows
and runways but an adjoining area would have only a few.
In the sedge-willow association the population averaged about one per acre
over most of the area, but at a few stations the population was as high as
four per acre in March, 1940.
In the prairie associations the populations varied from two per acre to nine
per acre in November, 1940.
Pitymys nemoralis (Bailey), Pine Mouse.-Only a few pine mice were
found in any association. Those trapped were taken in thickets, railroad
ballast and on sandbars in the river.
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Ondatra zibethicus cinnamominus (Hollister), Muskrat.-The muskrat is
occasionally found along the Missouri River but is most numerous north of
the sedge-willow association in the vicinity of Sherman Field.
Rattus norvegicus norvegicus (Erxleben), Norway Rat.-The Norway rat
is common about dwellings and other buildings. Occasionally it is found in
the woods near the garbage dumps. It is trapped and poisoned.

Mus muscu!us subsp.?, House Mouse.-The house mouse was quite
common in some associations and often a mile or more distant from any
habitation of man. Along Corral Creek, in the buckbrush-sumach association,
the population varied from one to four per acre. In the prairie association
the species was occasionally found in the same habitats as Peromyscus maniculatus.

Zapus budsonius campestris Preble, Little Jumping Mouse.-The jumping

mouse was not found in the area, but may occur in limited numbers.

Lepus californicus melanotis Mearns, Black-tailed Jack Rabbit.-A few
years ago the black-tailed jack rabbit was rare in this region, but during the
last year five animals were killed on the reservation.
Sylvilagus floridanus mearnsii (Allen), Florida Cottontail.-This species
is common on the reservation. In the vicinity of Sherman Field the population averaged two to three per acre during June, 1940. In the winter the
population is thought to be one per acre in this same place. In the wocdland
associations the population was somewhat less than in the sedge-willow association.

Cervus canadensis canadensis Erxleben, Wapiti.-Records of early explorers
all mention the presence of this large game animal in the Missouri River
Valley. It has long been extinct in the region of the reservation.
Odocoileus virginianus macrourus (Rafinesque), White-tailed Deer.-The
white-tailed deer was once abundant in the woods of the reservation; this is
evidenced by such reports as that of Lewis and Clark (see Hunt & Lorence,
op. cit.).

In 1937 a captive white-tailed deer was brought to the reservation and is
probably still there. The woodland associations of Ft. Leavenworth are judged
to be capable of supporting a population of at least twelve deer without injurious results.
ANNOTATED LIST OF BIRDS

The taxonomic arrangement of the birds is in general according to the
Check-list of North American Birds prepared by the American Ornithologists'
Union, 1931 and subsequent revisions. Because most records are sight
observations subspecific names are not used. The great mobility of the birds,
the fact that many only pass through the area in migration and the further
fact that many are resident for only a part of each year, combine to make
it difficult to gain a complete knowledge of the avifauna in two seasons. The
Missouri River Valley is a flyway for many migrant species of birds which
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travel approximately the same routes year after year. For data o
of the migratory forms reference can be made to Linsdale (1928). For the
species or subspecies that are of probable occurrence in the ara the "Checklist of Kansas birds" by W. S. Long (1940) may be consulted.

Podilymbus podiceps (L.), Pied-billed Grebe.-The Pied-billed Grebe was
observed twice on the Missouri River in spring, and in July, 1940, one was
flushed from the sedge-willow association of Sherman Field.
Pelecanus erythrorhynchos Gmelin, White Pelican.-The White Pelican is
a common migrant. In the spring of 1939 several small flocks fed for several
days in the vicinity of Sherman Field and in Septem'ber, 1940, two large flocks
stopped at this feeding ground; one flock numbered three hundred and seventy
five birds and the other about one hundred and eighty-two. One bird was
shot from a small flock on November 22, 1940.

PIalacrocorax auritus (Lesson), Double-crested Cormorant.-The Doublecrested Cormorants were shot by duck hunters on an oxbow lake in the
vicinity of Sherman Field in 1939, and one was shot near the Missouri River
in July, 1940. These birds are occasional migrants.
Ardea herodias (L), Great Blue Heron.-Three pairs of the Great Blue
Heron remained in this vicinity during each of the two summers of my study.
One pair entered and left the cottonwood-elm association on several occasions.
The two other pairs were found in the sedge-willow association of Sherman
Field. No nests were found. These birds spent considerable time on the
sandbars in the Missouri River.

Casmerodius albus (L.), American Egret.-Only two birds were seen,
both in September, 1940. They stopped for a short time on the bank of the
Missouri River; after running about and doing some preening they continued
their flight southward.
Florida caerulea (L.), Little Blue Heron.-The white immature form was
seen both summers. Sometimes an individual would be on a sandbar every
day for a week. Not more than five or six were seen in the two years and
these were always single birds.

Butorides virescens (L.), Green Heron.-The Green Heron was common
in this area; a pair nested in an oak tree near Merritt Lake in 1939. Two
pairs nested in the cottonwood-elm association near Corral Creek and several
were seen along the Missouri River and in the sedge-willow association in 1940.

Nycticorax nycticorax L., Black-crowned Night Heron.-A flock of about
six of these herons was seen to alight on the Missouri River bank about dusk
in October, 1940. No evidence of their roost or nesting site was found.
Botaurus lentiginosus (Montagu), American Bittem.-This bird was
observed several times during migration; some fed along the river for several
days. There was no evidence of their residing on the reservation.
Branta canadensis (L.), Canada Goose.-This species is present during
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migration. In the spring of 1940 several thousand geese fed in the sedgewillow association for a couple of weeks. Many more were in the fields on
the Missouri side of the valley. In the hunting season of 1940 several of these
geese were killed on the Missouri River. Geese are far more numerous in
the Missouri Valley in the spring than they are in the fall migration.
Branta bernicla (Linnaeus), Brant.-Hunters reported killing two brant in
1939, but I did not see the birds. Long (1940) reports brant as occuring
in Leavenworth County. The species would be expected to migrate through
this area, at lea-st in spring.

Chen hyperborea (Pallas), Snow Goose.-The Snow Goose is common
during migration; often flocks numbering several hundred to a thousand fed
in fields in the Missouri River Valley.

Anas platyrhynchos L., Mallard.-A Mallard was reported nesting in the
sedge-willow association during the spring of 1939, but it is believed this was
a misidentification. The mallard is common during migrations but only brief
stop-overs are the rule.

Anas rubripes Brewster, Black Duck.-Hunters reported shooting two of
these ducks on a slough in the sedge-willow association in the fall of 1939.

Anas streperus L., Gadwall.-A few Gadwalls were seen, in migration,
along the Missouri River. Hunters reported shooting a few in the hunting
season.

Anas acuta L., Pintail. Common during migration. In July, 1939, a
brood of these ducks was seen in the sedge-willow association of Sherman
Field. The brood was observed many times later in the summer as the birds
flew across the Missouri River to feed in the fields. In the first part of August
an adult male was with the flock.

Anas carolinensis Gmelin, Green-winged Teal.-The Green-winged Teal
is common during migrations; many are shot each year by hunters in this
area, especially along the Missouri River.
Anas discors L., Blue-winged Teal.-The Blue-winged Teal is not known
to nest in this region although several birds have been reported in early fall.
It is a common migrant.

Mareca americana (Gmelin), Baldpate.-Seen during migration; a small
flock of these ducks was reported near the Missouri River in August. This

may have been a brood.

Spatula clypeata (L.), Shoveller.-Common migrant, although it is never
so numerous as some of the other ducks.

Aix sponsa (L.), Wood Duck.-The Wood Duck probably migrates
regularly through this region. Four of these ducks spent most of September
and part of October, 1940, on Merritt Lake. Possibly they occasionally nest
in such isolated woodlands as the Sherman Field forest.
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Aythya valisineria (Wilson), Canvasback.-Hunters report that during
1940 they saw many of these ducks. Two ducks, in a flock on the Missou

River, were identified as this species.

Aythya affinis (Eyton), Lesser Scaup Duck.-The Lesser Scaup is often
shot by hunters along the Missouri River; evidently it is numerous durin
migrations.

Glaucionetta clangula L., Golden-eye.-The only Golden-eyes known in
this locality were six birds observed on the Missouri River in the winter
1939 and 1940. This is the only known instance of the wintering of th
subspecies in Kansas (Brumwell, 1941).

Melanitta fusca (L.), White-winged Scoter.-Specimens from this regicn
were reported by Long (1940); none was seen in the area by me.

Mergus merganser L., American Merganser.-S'everal pairs of the American
Merganser were seen on the Missouri River, mostly in the spring and fa
From July to September, 1939, a pair was seen on the Missouri River nea
the sedge-willow association. Possibly they remained there the entire seaso

Cathartes aura (L.), Turkey Vulture.-A pair of Turkey Vultures have
nested on the reservation for several years; what becomes of their offspring

not known. These two vultures are a common sight over the reservation.
1939 their nest was near an old stone quarry in the vicinity of Governme

Hill.

Accipiter velox (Wilson), Sharp-shinned Hawk.-Sportsmen occasionally
shoot one of these hawks on the reservation, but usually they shoot man
more broad-wings and marsh hawks. The Sharp-shinned Hawk is rare in
this locality; one was shot, near Corral Creek in April 1940, that had ju
eaten an English Sparrow.

Accipiter cooperii (Bonaparte), Cooper's Hawk.-Although more common
than the sharp-shin, the 'Cooper's Hawk was by no means numerous. On
was shot in the cottonwood-elm association in 1939. Several times these
beautiful hawks have been seen sitting on one of the side branches of a lon

snag; this bird has never been observed resting on the topmost branch of on

of these dead trees. The nest of a Cooper's Hawk was reported destroye

in the Sherman Field forest in 1940.

Buteo jamaicensis (Gmelin), Red-tailed Hawk.-Two pairs of Red-tailed
Hawks nested on the reservation, one in the oak-hickory association in th
vicinity of North Hill and the other in the cottonwood-elm association in th
vicinity of Sherman Field.

Buteo lineatus (Gmelin), Red-shouldered Hawk.-A pair of these hawks
nested in a lone cottonwood near the upper part of Corral Creek. A few da
after the young had hatched only one adult was ever seen about the nest
Each year in the fall migration many of these hawks are shot.
Buteo platypterus (Vieillot), Broad-winged Hawk.-The Broad-winged
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Hawk nests as far west as the Missouri River Valley. A female was shot, and
its nest destroyed, by a hunter, in June, 1940. One was shot in April; it
contained a fully developed egg. If these hawks were not molested by man
their number in this region would undoubtedly be much greater.

Buteo lagopus (Pontoppidan), Rough-legged Hawk.-A Rough-legged
Hawk was shot by a hunter in the winter of 1940. This was the only one
seen in the area.
Circus cyaneus (L.), Marsh Hawk.-The Marsh Hawk is the hawk most
commonly seen on the reservation; the species is especially numerous during
the spring and fall. No nesting records are known.
Pandion ha-iaetus (L.), Osprey.-The Osprey is rare in this region; it
was seen near the Missouri River, but only twice.

Falco columbarius L., Pigeon Hawk.-Two Pigeon Hawks were flushed
from the cottonwood-elm association near Corral Creek in the spring of
1939; they remained in this vicinity for two days and then disappeared.
Falco sparverius L., Sparrow Hawk.-The Sparrow Hawk is a familiar
bird on the reservation; four pairs were known to nest in the cottonwood-elm
and oak-hickory associations.
Colinus virginianus (L.), Eastern Bobwhite;-The Bobwhite has increased
in numbers due to appropriate measures to preserve a large breeding stock.
The vicinity of Grant Hill supported at least fifteen birds during the
summer of 1939, but by September poachers had reduced the number to three
or four birds. The poachers use shot in a 22 caliber rifle and shot the quail
while they were sitting, usually at mid-day.

Phasianus colchicus L., Ring-necked Pheasant.-Several flocks of these
pheasants have been introduced on the reservation during the past two years.
It is not known if they have bred there.
Meleagris ga!lopavo L., Turkey.-The Turkey is now extinct. It was
reported as abundant in these forests when white men first arrived.
Fulica americana Gmelin, Coot.-The Coot is common in this region,
especially along the Missouri River and on the north side of the sedge-willow
association. Several pairs were observed near the river throughout the summer
although no nests were found. Dead birds were found along the river in fall,
evidently shot by hunters.

Charadrius semipalmatus Bonoparte, Semipalmated Plover.-Five of these
plovers fed along a sand bar several times in September, 1940. They seemed
to have found a favorable feeding ground for they would return to the same
place after being flushed.

Charadrius vociferus (L.), Killdeer.-The Killdeer is a rare resident. One
nested in the prairie association near Hill 881; two other pairs were seen in
Salt Creek Valley. They are often seen in the period of migration.

1951 BRUMWELL: ECOLOGY OF FT. LEAVENWORTH 219

Philohela minor (Gmelin), American Woodcock.-A lone woodcock was
flushed in the oak-hickory association of North Hill in the fall of 1940. In
this season it was reported as seen twice.
Actitis macularia (L.), Spotted Sandpiper.-A pair of these sandpipers
nested near a sandbar opposite Corral Creek in 1939 and 1940. They raised
three or four young each summer.

Tringa solitaria Wilson, Solitary Sandpiper.-This sandpiper was rather
common for a few weeks during migration.
Totanus melanoleucus (Gmelin), Greater Yellow-legs.-Only one bird
was observed; it was feeding along the bank of the Missouri River.
Totanus flavipes (Gmelin), Lesser Yellow-legs.-Only a few Lesser
Yellow-legs have been seen and these were along the Missouri River in April,
1940.

Erolia melanotos (Vieillot), Pectoral Sandpiper.-Several flocks of this
sandpiper have been flushed along the river sandbars in the migration season.
They never remained in the vicinity for more than one to two weeks.
Erolia bairdii (Coues), Baird's Sandpiper.-A Baird's Sandpiper was shot
near the Missouri River. This species was rarely seen.

Erolia minutilla (Vieillot), Least Sandpiper.-This little sandpiper was
seen in the spring of 1940 along the Missouri River, but not in the fall
migration.

Ereunetes pusillus (L.), Semipalmated Sandpiper.-Two birds were found
dead on a sand bar in the Missouri River (spring, 1940); they had evidently
been shot.

Larus argentatus Pontoppidan, Herring Gull.-The Herring Gull has been
shot in Leavenworth in past years and probably occasionally migrates through
this area.
Larus delawarensis Ord, Ring-billed Gull.-Until the spring of 1940 few
gulls migrated through this region. In March, 1940, a few Ring-billed Gulls
were seen, and by April they were seen in flocks of fifty and more. They
came through this region again in the fall.

Larus pipixcan Wagler, Franklin's Gull.-On May 20, 1940, several flocks
of Franklin's Gull flew northward over the river. Some of these flocks fed
along the river and in neighboring fields but none remained long in this area.
Larus philadelphia (Ord), Bonaparte's Gull.-Several flocks of this gull
migrated through this region in 1940.
Sterna forsteri Nuttall, Forster's Tern.-These tems, mixed with the
Common Tern, were common for a few days in April, 1940.

Sterna hirundo (L.), Common Tern.-The common Tern migrated up
the Missouri River for about two weeks during the spring of 1940. The
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species was never in close flocks but instead in a loosely formed string all
along the river; every few minutes one to three would fly past while farther
to the south a few could be seen approaching.

Sterna antillarum (Lesson), Least Tern.-This tern was reported on the
Missouri side of the river in 1940; it may occur at Ft. Leavenworth.
Chlidonias nigra (L.), Black Tern.-In May, 1940, the Black Terns were
numerous for about two weeks. None was known to have stayed in this
locality.

Zenaidura macroura (L.), Mourning Dove.-The nests of this dove are
numerous, especially in the thickets and cottonwood-elm association, and it is
found throughout the reservation. In one small patch of wild-crabapple four
nests were found containing eggs (July, 1939); one week later three of the
nests were empty and abandoned and in another week the other nest was also
abandoned. On August 16 a dove was nesting in a vacated thrasher's nest
in this same thicket. During both 1939 and 1940 the doves were numerous;
flocks of twenty to thirty were flushed from the prairies and thickets. They
fed extensively on hemp and sensitive peas although many preferred the
grasslands.
Coccyzus amer.canus (L.), Yellow-billed Cuckoo.-This common bird
nested along the river bank in the cottonwood-elm association and in the
thickets of the oak-hickory association. Its distribution was not uniform for
there were large areas in which it was seldom seen. Several adults were seen
to make many trips across the Missouri River and to return with food for
the young; approximately a mile was involved in the round trip.

Coccyzus erythroptbalmus (Wilson), Black-billed Cuckoo.-This cuckoo
was heard several times in the forests but no specimen was obtained. Evidently
the species is rare in this region.

Tyto alba Scopoli, Barn Owl.--The Barn Owl is common at this locality.
Three specimens were brought to me by hunters who thought they had shot
a rare and valuable bird. One roosted in the cottonwood-elm association;
two others flew over the vicinity of Sherman Field.
Otus asio (L.), Eastern Screech Owl.-The screech owl is common, and
often a nuisance to the residents of Ft. Leavenworth because the families of
young birds make much noise at night. Several nesting pairs were observed
in 1939 and 1940. All nests found were in the oak-hickory associations.

Bubo virginianus (Gmelin), Great Horned Owl.-Several specimens of
this common bird were obtained and other individuals were seen in the
woods. These owls frequently roost near a good hunting ground until their
food supply is exhausted. This was observed in the case of a covey of quail
and again in an area that had a considerable population of cottontails.
Strix varia Barton, Northern Barred Owl.-A Barred Owl was shot in the

rottonwood-elm association; another was flushed from a large tree in the oakhickory association of Sherman Field.
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Asio wilsonianus (Lesson), Long-eared Owl.-Only one Long-eared Owl
was seen; this was in 1939.

Asio 'flammeus (Pontoppidan), Short-eared Owl--Three Short-eared
Owls were shot in the winter of 1940 by hunters. Evidently this owl is a
winter resident; but no evidence indicates that it breeds in this locality.
Antrostomus vociferus (Wilson), Whippoorwill.-The Whippoorwill is
common during the summer; its notes are often heard in the evenings. This
bird seemed to be more numerous during 1940 than during 1939.

Chordeiles minor (Forster), Nighthawk.-The Nighthawk was common
throughout the reservation. Several pairs "nested" on the roofs of buildings.
One of their favorite feeding grounds was over the Missouri River, where
they were always seen in the evening twilight. In extremely hot weather the
nighthawks would be flying by mid-afternoon.
In the spring and fall of 1940 three or four nighthawks, that were
distinctly different from the eastern nighthawk in their manner of flight, were

seen over the Missouri River. They may have been Sennett's Nighthawk,
Chordeiles minor sennetti Coues rather than the resident race, minor (Forster),
but no specimen was obtained.
Chaetura pelagica (L.), Chimney Swift.-The Chimney Swift was not
so numerous in this region as in former years; however a few were seen each
year. Probably these birds lacked suitable breeding places.

Archilochus colubris (L.), Ruby-throated Hummingbird.-The Rubythroated Hummingbird is common in some habitats on the Post. About the
dwellings, where there are large beds of flowers, it is common. Most nests
were in the buckbrush-sumach associations.

Megaceryle alcyon (L.), Belted Kingfisher.-Two Belted Kingfishers
were seen over the Missouri River. No nest was found on the reservation.
Colaptes auratus (L.), Yellow-shafted Flicker.-This flicker is a common
resident, and is most conspicuous in the fall, when flocks fly from tree to tree

in the forest. Several nests were in the cottonwood-elm association along
Corral Creek. On July 18, 1939, a pair was feeding their brood of young
which were able to fly well. The young sat in an almost vertical line on the
trunk of a tree emitting discordant squawks, while the parent birds picked
food from the bark and placed it in the mouths of the young.

Colaptes cafer (Gmelin), Red-shafted Flicker.-One was seen in September, 1940. The bird is uncommon in this region.

Ceophloeus pileatus (L.), Northern Pileated Woodpecker.-Two individuals of this rare woodpecker were seen. Residents of the Post reported
nesting of the species but no nests were found by the author.

Centurus carolinus L., Red-bellied Woodpecker.-The Red-bellied Wood-
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pecker is rare in this region, only a few being seen and the
spring.

Melanerpes erythrocephalus (L.), Red-headed Woodpecke
headed Woodpecker is numerous, especially in the oak-hick
In October, 1940, several white-footed mice caught in traps
the brains eaten out. Several days later two of the red-hea
were observed eating the brain of a mouse.

A family was observed while feeding after the young ha
tall tr
to fin
of the
all the
would explore the same orea, some even giving the spot a
pecks with their bills. The red-heads travel a good deal thr
and give the impression of being always on the move.

enough to fly well. All kept to the upper parts of the
the flickers which fed lower down. The young seemed
but flew from tree to tree with the parents. If one
in finding a tasty morsel in a certain part of the tree

Sphyrdpicus varius (L.), Yellow-bellied Sapsucker.-A few
suckers were seen on the reservation during migration.

Dryobates villosus (L.), Eastern Hairy Woodpecker.-The H
pecker was common in the oak-hickory association, and occa
in other forest formations. Nests were found only in the v
Hill.

Dryobates pubescens (L.), Downy Woodpecker.-The Downy Woodpecker is numerous in autumn and spring; it is common throughout the summer in all the forested areas. During the cold weather of January and February, 1940, the bird was not seen.

Tyrannus tyrannus (L.), Kingbird.-The Kingbird is locally common but
there are large areas where it is seldom if ever seen. Its most usual habitats
were the edges of the forest or open woodland. It was often found along the
Missouri River.

Tyrannus verticalis Say, Arkansas Kingbird.-Three Arkansas Kingbirds
were seen at Ft. Leavenworth early in the spring of 1940. These probably
were migrants.

Myiarchus crinitus (L.), Crested Flycatcher.-The Crested Flycatcher was
rare. Three pairs nested in the oak-hickory association in the vicinity of
Sherman Field. Two other pairs resided throughout the summer of 1940 in
the oak-hickory forest in the vicinity of North Hill; no nests were found.

Sayornis phoebe (Latham), Eastern Phoebe.-The phoebe is a common
resident. Its nests were scattered in both the cottonwood-elm and the oakhickory association. More individuals and nests were seen in the latter
association. One nest was in a lone oak tree in the vicinity of Grant Hill.

Empidonax virescens (Vieillot), Acadian Flycatcher.-The Acadian Flycatcher was rare; only one specimen was obtained.
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Empidonax traillii (Audubon), Alder Flycatcher.-No nesting of this
flycatcher was noted; the bird was seen only in the spring, when migration
was under way.

Empidonax minimus (Baird and Baird), Least Flycatcher.-For two
weeks in April, 1940, this flycatcher was numerous; as late as May they were
occasionally seen.
My'ochanes virens (L.), Eastern Wood Pewee.-The pewee is common.
In the depths of the oak-hickory forests it was seen on almost every day of
summer.
Nuttalornis borealis (Swainson), Olive-sided Flycatcher.-A few flycatchers of this species were seen when spring migration was under way.

Octocoris alpestris L., Prairie Horned Lark.-The Horned Lark was
occasionally seen in the prairie association and in Salt Creek Valley. It was
more common in 1940 than in 1939.

Iridoprocne bicolor (Vieillot), Tree Swallow.-The Tree Swallow was
common. All nests founl were near the Missouri River, most of them being
in the cottonwood-elm associations. They fed over the river where they were
often seen in flocks of other swallows.

Riparia riparia (L.), Bank Swallow.-Several Bank Swallows were seen
over the Missouri River at various times in the summer months but their nests

were not located. Many banks suitable for nesting sites were present in this
region.

Stelgidopteryx ruficollis (Audubon), Rough-winged Swallow.-The
Rough-winged Swallows were common summer residents; both mature and
immature specimens were obtained. They fed over the Missouri River in
the mixed flocks of other swallows.
Hirundo rustica L., Barn Swallow.-This swallow was rarely seen in 1939
but in 1940 it was common. The nests were in old buildings and under
bridges.

Petrochelidon albifrons (Rafinesque), Cliff Swallow.-In spring and
autumn, several were seen over the Missouri River. None was seen in
summer.

Progne subis (L.), Purple Martin.-The Purple Martin nests locally, and

numerously especially near Merritt Lake where nest-boxes have been erecited.
Scattered flocks of these birds feed over the Missouri River in almost every
hour of the day in summer.

Cyanocitta cristata (L.), Blue Jay.-Blue Jays are present throughout the
year at Ft. Leavenworth. They nest in the wooded sections, especially the oakhickory association in the vicinity of Government Hill-North Hill. These
noisy alarmists are especially evident in fall and winter. In October, 1940,
several were observed in the vicinity of North Hill where redheaded wood-
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peckers were numerous. A jay would fly to a branch, ne
redhead, uttering a loud squawk and strike his bill against
times. After this performance was repeated two or three times the woodpecker would make a dash at the blue jay. The jay easily avoided his pursuer
and would soon find another victim to annoy.
Pica pica (L.), American Magpie.-One bird, in April, 1940, remained
in the neighborhood of a clump of osage orange for approximately a week.

Corvus brachyrhynchos Brehm, Crow.-Many crows were present in spring
and fall but only a few at other times of year. In 1939 and 1940 only one
pair nested and raised a family on the reservation, although several pairs that
nested on the Missouri side of the river often fed on the Post. The resident
population, including those from Missouri, did not exceed fifteen individuals.

Parus atricapillus L., Black-capped Chickadee.-This chickadee is numerous
except during extremely cold weather. It is found in the forested areas and
also the dense weed patches of the sedge-willow association.
Parus bicolor L., Tufted Titmouse.-The tufted Titmouse is as numerous
as the preceding species and in winter and late autumn, a flock, consisting of
the two kinds of birds, often feeds in the woods.
Sitta carolinensis Latham, White-breasted Nuthatch.-The nuthatch was
rare. The few individuals seen were in the oak-hickory association.

Certhia familiaris L., Brown Creeper.-The Brown Creeper was a common
resident throughout the year in 1940, except in the cold months of January
and February.
Troglodytes aedon Vieillot, Western House Wren.-The House Wren is
common; several nests were in or around dwellings, but other nests were in
the cottonwood-elm associations.
Thryothorus ludovicianus (Latham), Carolina Wren.-Several individuals
were seen in the buckbrush-sumach association. A nest in a wild plum thicket
was built on top of an abandoned brown thrasher's nest.

Mimus polyglottos (L.), Mockingbird.-In May, 1940, three pairs of
mockingbirds built nests in the cottonwood-elm association near the Missouri

River. All these nests apparently were completed but two weeks later they
were abandoned and the adults were not seen again. No other nests or
individuals were found.

Dumetella carolinensis (L.), Catbird.-Catbirds were numerous and
prefer the stream valleys. Eight nests were found along a mile of the Missouri

River; however, not all of this distance offered suitable nesting sites. The
nests were invariably in dense thickets; in a plum thicket, that was not more
than one hundred feet square, four nests were found but a week later they had
been abandoned. A cowbird's egg was found in one nest.

Toxostoma rufum (L.), Brown Thrasher.-The thrasher was common
throughout the forest formation. Many of the nests found were later
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abandoned; one of these was used by a catbird and then in August a m
ing dove was raising a family in the nest.

Turdus migratorius L., Eastern Robin.-Robins were numerous and n
throughout this region but were most common in the cottonwood-elm
ciation and about dwellings. During September, 1939, flocks of seve
to one hundred robins fed in thickets and weed patches in the vicin
Grant Hill. A few flocks were observed in the vicinity of Sherman Field.
In the fall migration of 1940 robins were almost as numerous as in 1939.
Robins were observed at Ft. Leavenworth in every month of the year.

Hylocichla mustelina (Gmelin), Wood Thrush.-The Wood Thrush is
almost rare in this region; only a few pairs were seen. The secretive habits
of this thrush which lives in the forest thickets contribute to its inconspicuousness.

Hylocichla ustulata (Nuttal), Olive-backed Thrush.-A few individuals
of this species were seen in May, 1940.

Sialis sialis (L.), Bluebird.-In early spring there were many migrating
bluebirds along the Missouri River and in the sedge-willow association. None
was observed nesting.

Polioptila caerulea (L.), Blue-gray Gnatcatcher.-This species was common
and present through most of the year in the forest formations.
Regulus satrapa Lichtenstein, Golden-crowned Kinglet.-A few of these
kinglets were seen in the spring and fall migrations, mostly in the buckbrushsumach associations.

Regulus calendula (L.), Eastern Ruby-crowned Kinglet.-In the fall and
early winter a few individuals were seen. None was observed in the colder
part of the winter.

Bombycilla cedrorum Vieillot, Cedar Waxwing.-Reported as seen about
dwellings at Ft. Leavenworth; none was seen by the author.

Lanius ludovicianus L., Migrant Shrike.-This shrike was common. It
usually nested in the thickets at the edges of the woods.

Sturnus vulgaris L., Starling.-Starlings were first seen in the fall of 1939;
they were in flocks of between fifty and seventy-five birds. In the early spring

they dispersed to the surrounding forests. Old woodpecker holes were
commonly used as nesting sites. The redheaded woodpecker arrived later in
the spring and several of the starlings were evicted from their nests. Although
there is no competition for food between these two birds, there appears to be
intensive competition for nest sites. Several starlings that were able to continue their nesting in the woodpecker's range did not raise any young to
maturity, possibly because the redhead's taste for flesh led him to destroy the
young. In 1940 starlings were occasionally seen but were no longer common.

Vireo bellii Audubon, Bell's Vireo.-This vireo may be the most numerous
small bird on the reservation. It was exceptionally numerous near the Mis-
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souri River. Most nests were near the ground in young elm trees. As noted
above in the account of the red-sided gartersnake, this bird may be the prey
of that snake. Three nests were found to be parasitized by the cowbird; the
cowbird eggs were removed from two of these nests and the third nest was
not disturbed. The young cowbird soon occupied the entire nest; the young
vireos were pushed "overboard" and the two adult vireos were left to feed
their giant "offspring."

Vireo olivaceus (L.), Red-eyed Vireo.--The red-eyed vireo is common in
the oak-hickory association in the vicinity of Sherman Field. A few stray
individuals were seen in other associations.
Vireo gilvus (Vieillot), Warbling Vireo.-Only one pair of these rare
vireos was seen; they nested at the edge of the cottonwood-elm association
near Corral Creek.
Mniotilta varia (L.), Black and White Warbler.-Several individuals
were seen in the spring migration. Three pairs nested on the reservation;
one nest was near a spring in the cottonwood-elm association and the other
two were in the dense forest of the oak-hickory association in the vicinity
of Sherman Field.

Protonotaria citrea (Boddaert), Prothonotary Warbler.-This warbler
could be classed as common on the basis of the number of pairs seen, but
only three pairs were observed nesting. Each raised young; these were all in
a heavily wooded ravine in the vicinity of North Hill. Eight pairs were seen
in 1939, but only two pairs were seen in 1940.
Vermivora peregrina (Wilson), Tennessee Warbler.-Only a few of
these rare warblers were seen, and those in spring only.
Dendroica petechia (L.), Yellow Warbler.-The Yellow Warbler was
common in approximately the same associations inhabited by Bell's vireo. It
nested in the taller trees and bushes near the Missouri River and Corral Creek.

Dendroica coronata (L.), Myrtle Warbler.-Three warblers seen in the

spring of 1940 were tenatively identified as belonging to this species.
Seiurus aurocapillus (L.), Oven-bird.-The Oven-bird was occasionally
seen in the spring migration. In June, 1939, a pair nested in the cotton-

wood-elm association near a spring; black and white warblers nested in the
same habitat. In 1940 a pair nested in the oak-hickory association in the

vicinity of Sherman Field.
Oporornis formosus (Wilson), Kentucky Warbler.-This species was
common in suitable habitats. In a heavily wooded ravine in the vicinity of
North Hill three pairs nested in 1940. A few other pairs were found in the
other forest formations.

Geothlypis trichas (L.), Northern Yellowthroat.-Three yellowthroats
were seen, one in 1939 and the other two in the spring of 1940. No nest
was observed.
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Icteria virens (L.), Yellow-breasted Chat.-The yellow-breasted chat was
rather common in the forested areas. No nest was observed but adults were
seen carrying food into the forest.

Setophaga ruticilla (L.), Redstart.-The Redstart is one of the very early
spring arrivals. It was observed nesting in the cottonwood-elm association
near Corral Creek and in the oak-hickory assoeiation in the vicinity of North
Hill and Sherman Field.

Passer domesticus (L.), English Sparrow.-The English sparrow is still
numerous in this region, possibly because the reservation has many horses,
the feces of which provide food for this sparrow. No nests w:rc found in
trees; nesting sites about dwellings seem to be preferred.

Sturnella magna (L.), Eastern Meadowlark.-A pair of Eastern Meadowlarks, identified by their song, nested in the prairie association in the vicinity

of Grant Hill. More Eastern Meadowlarks may have been present but this
is the only pair of which the song was heard.

Sturnella neglecta Audubon, Western Meadowlark.-The species was
common, although most numerous during the fall and early sprinlg. It was
found nesting in Salt Creek Valley and near Hill 881.
Xanthocephalus xanthocephalus (Bonaparte), Yellow-headed Blackbird.Two individuals were seen in the willows along the Missouri River in the
spring migration of 1939. No nest was observed.
Agelaius phoeniceus (L.) Red-wing.-The species was numerous in the
sedge-willow associations. The population of the blackbirds was determined
by direct observation. During August these birds are still in their family
groups or one or two families have joined to form a small flock. In the evening, before sundown, they gather in the tree-tops; as dusk approaches the
flocks fly to their roosts in the dense willows along the Missouri River. The
author stationed himself on a hilltop and by using a pair of field glasses
counted the birds as the flocks went to roost. In 1939 fifteen family groups
were counted on successive evenings. The number in each group varied from
five to seven birds. In 1940 there were seventeen groups with from three to
nine individuals in each or one hundred and three blackbirds in all.
The breeding birds are presumed to be of the nominate race, the Eastern
Red-wing. Several specimens collected in migration closely resembled the
Giant Red-wing, arctolegus Oberholser, except in measurements of the bill.
The Thick-billed Red-witg, fortis Ridgway, was numerous during spring migra-

tion. A pair was shot in the sedge-willow association in May; the female
contained an almost completely formed egg. A male was collected in this
region in July. Indications are that this subspecies is a rare resident in this

region.

Icterus spurius (L.), Orchard Oriole.-This oriole is common and occurs
throughout the forest formations.

Icterus galbula (L.), Baltimore Oriole.-The Baltimore oriole has a population about equal to that of the orchard oriole.
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Euphagus carolinus (Muller), Rusty Blackbird.-A specimen
in the sedge-willow association in March, 1940; it was in very
The species was rare.

Quiscalus versicolor (Vieillot), Bronzed Grackle.-The grac
ous during the fall and spring migrations. Breeding record
indicate that it is a common summer resident although wi
distribution in the sedge-willow association.
Molothrus ater (Boddaert), Cowbird.-The species is common. In the
fall and spring it was usually found associated with blackbirds and grackles.
During the summer the adults are scattered throughout the region. Kinds of
birds in the nests of which the cowbird's eggs were laid included Bell's Vireo,
Catbird, Robin, Mourning Dove, Blackbird and Brown Thrasher. None of
the eggs laid in the Mourning Dove's "nest" was known to hatch.

Piranga olivacea (Gmelin), Scarlet Tanager.-A few examples of this
rare tanager were seen; one pair nested in the area in 1939 and 1940.
Piranga rubra (L.), Summer Tanager.-Only a few Summer Tanagers
were seen in the forested regions.

Richmondena cardinalis (L.), Cardinal.-Common in the thickets of the
woodland formations, the cardinal is present throughout the year.

Pbeucticus iudovicianus (L.), Rose-breasted Grosbeak.-The species was
common in the cottonwood-elm association. Few were seen in 1939, but in
the summer of 1940 many nested in the tall trees near the Missouri River.
The adults were obtaining food, for their young, in the fields on the Missouri
side of the river.

Passerina cyanea (L.), Indigo Bunting.-The Indigo Bunting was commonly found in the forested areas; usually the males were perched on a prominent
dead tree.
Spiza americana (Gmelin), Dickcissel.-This species was common throughout the prairie association and in the sedge-willow association.
Spinus tristus (L.), Goldfinch.-This bird was common and nested in the
cottonwood-elm association.

Pipilo erythrophthalmus (L.), Red-eyed Towhee.-This bird was a rather
uncommon resident; nevertheless it was common during the fall and spring in
the forests and thickets.

Passerulus sandwichensis (Gmelin), Savanna Sparrow.-A few of these
sparrows were seen and a specimen was obtained in the sedge-willow association.

Ammodramus savannarum (Gmelin), Grasshopper Sparrow.-A few
Grasshopper Sparrows were seen in the prairie association.

Passerherbulus caudacutus (Latham), Leconte's Sparrow.-Several of
these sparrows were seen in the spring and fall; none was seen in winter.
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Pooecetes gramineus (Gmelin), Vesper Sparrow.-The species was
common in the spring of 1940 in the thickets along the Missouri River.

Chondestes grammacus (Say), Lark Sparrow.-Only a few of these sparrows were seen in Salt Creek Valley.

Junco hyemalis (L.), Slate-colored Junco.-The junco was numerous
during the winter of 1939 and during the spring and fall of 1940 but was
entirely absent during the cold weather of January and February, 1940.
Spizella arborea (Wilson), Tree Sparrow.-This sparrow was numerous
in the winter. A few specimens were taken in the summer but the species is
not known to nest in this area. Most of the Tree Sparrows are referable to
the Eastern Race, arborea (Wilson).
A few specimens taken were assigned to the western sub-species, ochracea
Brewster; they were shot in thickets along the Missouri River.

Spizella passerina (Bechstein), Chipping Sparrow.-The species was
common, although only a few are known to nest in this area.

Spizella pusilla (Wilson), Field Sparrow.-One nest was found near
Grant Hill, and two others in Salt Creek Valley.

Zonotrichia querula (Nuttall), Harris's Sparrow.-This is one of the
most numerous sparrows during the fall and winter. It is usually found in
the thickets and in the weed patches of the sedge-willow association.
Passerella iliaca (Merrem), Fox Sparrow.-Although numerous during the
spring migration the species was not observed in the fall or winter. Flocks of

this sparrow were seen in the sedge-willow association and other thicket

growths along the Missouri River.

Melospiza georgiana (Latham), Swamp Sparrow.-Sparrows of this
species were common in the thickets along the Missouri River and in the
sedge-willow association.

Melospiza melodia (Wilson), Song Sparrow.-The species was common
throughout the area but especially in the sedge-willow and symphoricarpossumach associations.
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CONCLUSIONS

The Fort Leavenworth Military Reservation is situated on the west bank
of the Missouri River near the eastern limit of the Missouri Valley Biotic
District of Kansas.

The 4042 acres studied were divided into three main areas on the basis
of physiographic features and these in turn were subdivided into associations
according to the controlling flora. These associations were, Prairie Association, Symphoricarpos (buckbrush)-Sumach Association, Cottonwood-Elm
Association, Oak-Hickory Association, Sedge-Willow Association and Littoral
Association.

The distribution of the reptiles and amphibians is more dependent upon
temperature and humidity than are the distributions of the other land vertebrates of this region. Cover and food are of greater importance in determining
the distribution of the mammals.
The birds are readily divided into forest, prairie or littoral forms although
many of them may breed in one association and feed almost exclusively in
another.

Most species of birds nested throughout the forest formation, the controlling factors seeming to be suitable cover, light, temperature, and elevation
for nesting sites.

The greater number of forms studied are similar to the forms which inhabit
the Central Hardwood forest and tall and mid-grass prairies.
REFERENCES
AMERICAN ORNITHOLOGIST'S UNION 193 1-Check-list of North American Birds. 4th
ed. Lancaster, Pa. 526 pp.
BLAIR, W. F. & HUBBELL., T. H. 1938-The biotic districts of Oklahoma. Amner. Midl.
Nat. 20: 425-454.

BRITTON, N. L. & BROWN, A. 1923-An illustrated flora of the northern United States
and Canada. 2nd ed. Chas. Scrib. Sons. N. Y. Vol. I, pp. 1-677; Vol. II, pp.
1-731; Vol. III, pp. 1-560; 4666 figs. in text.

BRUMWELL, M. J. 1941-American Golden-eye a winter resident of Kansas. Auk 58:
94.

BURT, W. H. 1940-Territorial behavior and populations of some small mammals in
southern Michigan. Misc. Pub. Mus. Zool., Univ. Mich. 45: 7-58, 2 pls., 8 figs.,
12 tabs.

HINDS, H. & GREEN, F. C. 1917-Leavenworth-Smithville Folio (Missouri-Kansas) no.
206. In Geologic Atlas of U. S., UJ. S. G. S., Dept. Int., Washington, D. C.,
pp. 1-15, 10 pls., 10 figs., 4 maps.
HONEYCUTT, F. E. 1940-Report of the secretary, Leavenworth County Fish and Game
Development Association. Sept. (MS).
HUNT, COL. E. & LORENCE, CAPT. W. E. 1937-History of Fort Leavenworth, 18271937, 2nd ed. The Command and General Staff School Press, Ft. Leavenworth,
Kans. 301 pp., illus., pls. (1 fold.), 3 diagr. (fold.).
LEOPOLD, A. 1937-Game Management. Chas. Scrib. Sons. N. Y. 481 pp., front., 35
figs., 53 tabs.
LINSDALE, J. M. 1927-Amphibians and reptiles of Doniphan County, Kansas. Copeia,
164: 75-81.

1951 BRUMWELL: ECOLOGY OF FT. LEAVENWORTH 231
- 1928a-Mammals of a small area along the Missouri River. Jour. Manmm., 9:
140-146.

1928b-Relations between plants and birds in the Missouri River region. Univ.
Kans. Sci. Bull., 18: 499-515.
1928c-Birds of a limited area in eastern Kansas. Univ. Kans. Sci. Bull., 18:
517-626.

-- 1933-The nesting season of birds in Doniphan County, Kansas. Condor, 35:
151-160.

LONG, W. S. 1940-Check-list of Kansas birds. Trans. Kans. Acad. Sci., 43: 433-456.
MCCOLLOCH, J. W. 1926-In, Shelford, Victor E., ed., 1926, Naturalist's guide to the
Americas, Williams & Wilkins Co., Baltimore, Md. 761 pp., col. front., 15 figs.
(part double).

MERRIAM, C. H.; BAILEY, V.; NELSON, E. W.; PREELE, E. A. 1910-Fourth provisional

zone map of North America. In American Ornithologist's Union Check-list, 3rd
ed. Lancaster, Pa., col. front.

MILLER, G. S. 1924-List of North American recent mammals. Smiths. Inst. Bull., 128:
1-673.

RYDBERG, PER AXEL. 1932-Flora of the prairies and plains of central North America.

N. Y. Bot. Garden, N. Y. 969 pp., 600 figs.
SMITH, HOBART M. 1934-The amphibians of Kansas. Amer. Midl. Nat., 15: 377-528,
20 pls., 24 maps.

VAN DERSAL, WM. 1938-Native Woody Plants of the United States. U. S. Dept.
Agr. Misc. Pub. 303, pp. 1-362, 44 pls., 3 figs.
WEAVER, J. E. & CLEMENTS, F. E. 1938-Plant ecology. McGraw-Hill, N. Y. 601 pp.,
front., 271 figs., 12 tabs.

