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Abstract:
Some observations of predator-prey relations were made on a section of land in the midst of first grade

irrigated farming land lying just west of the Montana State College campus. The study was carried out
between October 1, 1939 and April 1, 1941.

Scat and pellet analyses and field observations were made to try to establish some of the relations
between the raptores and predators and the prey species on the area.

Despite ample opportunity to prey on domestic animals all predation was on wild populations, mainly
on meadow mice. Insects were taken in significant quantities when they were available. All the
predators ate a considerable amount of carrion in the winter. Predators on this area had no detrimental
effect on normal prey populations.
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ABSTRACT
- Some observations of predator-prey relations wre made on & section
of lend in the midst of first grade irrigated farming land lylng Just
west of the Montana State College oampus The study was carried out
"be'cween Ootober 1, 1939 end April 1, 19L|.1. o - o
Scat end pellet enalyses and field observations were ma.de to try to
establish some of the relations 'between the raptores and predatora and
the prey specias on the areas
Despite ample opporhmit'y to prey on domestia animals all preda-
tion was on yi;d_popu}atigng » mainly on meadow mise, Inseots were
taken in s:lgnif:los.nt quantities when they were avaihble. A1l the o
predators ate a oonsiderable amount of carrion in the winter.‘ Preds.tors

___on this area had no detrimental effeoct on normal prey populations.
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INTRODUCTICN

The study of predation'is a réiatively new aspect of animal ecology.
Few workers have investigated this field in detail, hence any concrete
evidence offered in interpretation of predator-prey relations is valuable
in helping to complete the picture.

A-survey of literature reveals the need of accurste data on local
predation patterns and the attendant collection of habit variation in
di fferent areas. This project was undertzsken 1; order to gather data
shich would 111 in part of enother gap in this field.

A DEVELCPXENT OF IDEAS

Eafiy in the Middle Ages written records were made of the destructive-
ness of "vermin" to small game and domestic animals, These predators were
hunted unceasingly and no gportsmants cods fas invoked against the manner of
their captgre. The ancient thought that predétors are ”vérmin" to be
exterminated bore the imflication that any cernivore (predator) taking an
animal vhich man wanted for himself was a thief and should be punished
accordingly. The idea persists in thé minds of meny even today.
Eowever, people in genereal, énd naturalists in particular, are
beginning to realize the incalculcable value of predatory species. The
relationships of predator and prey species, the interrelations of predators—-
the contemporary concept of predation--is yet immature; fhe earliest
intensive study of these interrelations was begun littleAmore than a decade
ago, Several pioneers in the study of predation were McAtee, Stoddard,
Leopold, and Errington. These, and others, have set forth concisely

various pheses of the predation theory which earlier were not understood or
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were unknown. 7 o _ ;
Many people do mot realize what fgr reaching effects may result from

some seemingly minor disturbance in the blota of an area. vBrecken;‘idge
(1938) suggests that most hunters advocating predator control *do not
seem to sppreclate what tremendously camplex and powerful natural foroes _
they are opposing in tryi;:g to bring about an unnatural,_thpia.n situation
where game is éonti_.nuously abundent. « o They do not stop to figure out
thet 1f they kill off all the hawks snd owls that prey to same extent on
game species, they sre st the same time removing effective snd mtural
checks on ground squirrels, mice, rabbits and like forms théh in turn
destroy cover (e:nd qucﬂl)'_.tfor'gax‘ne‘ birds."” S -
| Leopold (1933) motes Uelesn as saying, "There 1s  growing tendency
on the pert of solentists to defend the predstor as indispensable o the
welfare of thg‘an_ipm]v._ preyed upon?',’ Cahalane (1939), reporting ‘Qn_ ?eséaroh
done in Yellowstone National Perk, Modoo lava Beds, and Mt MoKinley
National Momments, says, "Results of studies brought to oonolusion indiocate
that oontrq]\.‘('of coyotes) at present is not desirable. Rather, on the |
‘ éorrtrary_, éqyoteg under present ciroumstances are exercising a benefiocial
j.nflianqe by removing diseased and crippled waterfowl and surplus prey
marmals." The_sé orippled and surplus animls wéuld_have to disafpear
enywey, by migration, starvation, disease, or death. | ._

~ The ecological concept of predation 1s so infinitely variable tiat
laws governing predator-prey relations are difficult to formulate. - ‘
Even though definite rules for mterpretation may mot yet be made, certain

generalizations convenient for interpretation of data are in ordere
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Leopold (1933)_dietingu}shed five different types of predation:
1) Accident--chance predation. T o ’
2) Habit--acquired taste starting with accidentsal predation. B
3) Education 6r "sucker 1list"--taking prey till it becomes too wary for
ﬂ) Staizzzgzzl-preying on viotims of unfavorable enviromment.,
5) Sanitary--culling wesk, diseased, or dumb individvals,

. A sixth type of predatim has been suggested, me which is perhaps
very importent in dealing with the effects of predation on prey species,
this is‘psyeheleg;eal predefiop.A When a hawk so larries a covey of quail
that;they refuse to ven#ure'fer'epeughifrpm their §§°1?°?,?° ebﬁe§n_edequate
200d, and when they do venturs even a short dlstance awey a magple or
‘eme}lneongqb;re‘swoop@ng{oiose'yil}_sepq them back to cover, then the
psyohelogioe; pheee'of predation oecurs;_ ?he damge 1s hot directiy physi=-
cal but is 1ndireet1y 80 by wearing the prey dowm through the medium ofr
fear. At times this factor may be most 1mportant in predation. | 3

Predation ineludea not only culling out unfit individuala, but aleo
a regulatory'aotion on the movements and distribution of the prey, thus
preventing stetic and over-orowded populstions, Henderson snd Craig (1932)
_intimate this in saying, "On our western plains snd mountains, coyotes,
wolves ani other predatory memmals hed long lived in proximity to deer,
rebbits end other mammals, in such equilibrium as neither tovexterminate
them nor to permit them to become oﬁerabundaht."y‘ﬂiyw -

‘Leopold (1933) presents the relatively new concept that alternative
foods for predators may act as “buffers between.game populations and
their predatorse This bufferreetbon reeulte because o{ sheer pumbers or

because of greater availability. Buffers are alternative foods of staple
rank,



Errington and Stoddard agr:ee with Leopold in recognizing the value
of buffer species and the tremendously complex and variable relatiqx_as of '
predators .to buffers to geme. Not only may bufferé be be_anefioiai!. to game,
they may also bring about conditions detrimental to them. Cyolie behaviqr_'
o@‘_ buffer' sp_ec\:j.e_s ﬁny_, during prpgress;ljre phagés ’ afford i:rotec‘bion»to geme
species and duri_.z;g"l;l;g»;-e'gre_slsive‘ phases may throw an unusually heavy load
on the game, thus ceusing them much distress.
- Five dg}gi_:erious effects which buffers may have on geme species are
Msted by Leopold (1533)s |
1) When present in oconcentration they may act as bait for predators not
‘normally in the areas ] IR S '
2) They are intermédiate hosts of disease and parasites of many of the

‘game speciese :
3) They throw a load on the game species during the winter because of

hibernation or unavailability through deep snow. _
4) Diurnal buffers are not available to mooturnal predators and vice versa,
: ‘thus the "balance" of populations is changed from night to daye
5) Buffers may act in direot competition with the game for food or may
become predatory on the game itself, o o .

_Buffers are closely tied up with the food hebits of predatorse
Concerning apparent predilections of predators MoAtee (1932) asserts that
"W;tp_in_ﬂaizehil_.imits, animals of praojbica_l?.y_ every kind acessible j:o_bi;ds
are preyed upon, and so as we consider the records for group after group
a tendenoy for the number of captures to be in proportion to 'l';hegbundg.nco
of the animal comoerned is umistaksble. Availability is wndoubtedly the
chief factor involved in the choice of food, and predation therefore tends
to be in Vprqpprf;ipnr tg pop;;lg.t_:iqn,f AI_igx;f:e , a_s_'bufferw speqieq are ’u_sually

present in large numbers, they constitute a rather large part of the diet
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of predators. Errington (1935) presents a modification of MoAtee's
principle, "Materie.l ‘or heavy predation upon vigorous adult winter bob-
whites appeared largely confined to that proportion of the population which
was in exoess of the enviromment properly to acoomodate.” A combination
of these two propositions suggests thet predation tends to be in proportion
to the popuhtion in excess of the normal carrying ocapacity of the reange.

- Mills (1937) brings out the fact that "information now being
obtained by geme mamgeunent specialists tends to show that prede.tors lnve
but litt;le effect on mrmaj. populations of game speoies » and that the cheek
which predatory species 'e.pplz to the %noreasehof these va»luarblr_e forms ie_
negligible." Errington '(193'6) states, "The trimming down by predation of
excess population that must disappear anyway, is incidental,”

. Foog babits, then, are determined Sy local conditions, and very as
much as those eonditier_zs:z Composite studles o_f'px;edate? v’geod habita are
ouly o general guide to looal problens acoording to Leopold (1933).

Results of local studies ce.nnot be transferted from one locality te another
with any expectation of success, but they are invaluable in completing the
composite of a regional food hebits survey. o o o

The exceedingly complex pattern of predation must be interpreted with
care, lLaboratory examimetion of pellets end seate alone will not ykld a
true ploture of the food habits ot:'h_e. predator, nor yvil]._i"ie;ldyobvseva'e_.tion
by itself give a true ploture, Eoth sources of data must be.s’m@ny :
een_s_idered_ in relation to the mltitn_;dinoue _envi?emepta.} fe.et_ors » eaeh of
which eontributes its share in making the predator=prey pattern ef that
perticular locality just what it ise
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DESCRIPTION (F TEE AREA
This particular area was chosen because of accessibility from the
colleges During the course of the study, October 1, 1939 to March 1, 1941,
many short trips were mede to it as well as all dayﬁ observations.
~ The area under eonsideration is one section (éhole.cree) lying & half
mile west of the Montana State College campus (Secs 1L, T 28, R5E,
Yontans Prinoipal Neridien)s The section is loosted in the midst of the
irrigated farning section of the upper Gallatin Valley, From this point
the 1azd slopes upward to the mounteins about six miles distant to the
south and east. The area is moderately level with e._ gentle declivity to
the north. - This section is classified as first grade irrigeted farming
lerd with interspersed tongues of fourth g_rade 1e.n_d<_ running up the seepage
sloughs and along some of the ditohessl In this kind of farming distriet
all possible lend is wder cultivation and comparatively little headland
1s loft around the fieldss for the mst part clean farming is practiced.
. Four operators een@:re_l_ & q.uart_er of & section each, thus dividingit
into: 1) State College experimental pi_lete end palsrture,' 2) - pasture for
~ dairy stock and sheep with small fields, end 3) end L) two diversified
ferning unitss Perticularly in the lstter the pastures and the orop areas
are _wel;.dispe._rsed“among one arother so that & meximm of edge effect
rosults. Thers ere three main pasture areas on the seotion resulting
from lend too wet to eqli;iyate easily--fourth grade land-~cr from the need

of pasture for dairy stoock.

l1end classification maps, unpublished, Mont, Agrice Exp't. Statidn in
cooperation with the Bureau of Chems end Soils, Pozeman, Montana,
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Along the fence rows, lerge irrigation ditches, ’avnd along meny of the
sloughs there are several large trees and a considerable amourt of brush.
(See appended map, Flate I, for details of oovers) The brushy ocover
consists mainly of various age classes of willow (m 8pPe), eldexj )
(Alpus sp.), wild rose (Rosa sp.), and snowberry (Symphoricerpos 8De) e

Arownd the ferm yerds and scattered e.long the fences and ditches there are

cottonwoods (Populus sneustifolis) and large willow trees (m sp.).
The grass in the pestures is mainly blue gre.ss (Poa. 8pe), with some slough
grass (Junous sp.), brome (Eramus ep.), and sedges (Carex pede

| "Me olimate of the Callatin Talley 1n general is similar to thet of
other imtermountain valleys of the northwests It is continentel in
‘ °h}°‘?§‘,’t°r and is s}lbject_to wide ext;'eznee of seasonal and eaily tempera-
tures, a differenoe of 3(° p scmetimes oeourxfing within 24 hourse. Wi.nde are
veriable in both movement end direction, in the deyﬁnle the winds may be |
prevailingly from the west or southwest, and at night they very oftem shift
to the southeast. Locelly some of the ee;l.deet winds in w-.gm_;er_are from
the east During the wizter warn "ohizock® winds sre also of variable
ocourrencee e The mean axmual temperature at the e.grimlture college
at Bozemen is hl.h Fo o o"o (DeTourg and Smith, 1931)s

~ The full end early winter of 19%9 were extended and mild e.lmost 1:0

last week in_ December, during which time the tempe 3‘1’“”;"?3 moderate with
only occasional freezes. Until the first of Janwary, 1940, the weather

Tsee Teble V., Summary of weather conditions in the Gallatin Valley
during the period of investigation,
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was open so that upland game birds, mice and rabbits could obtain food
directly from the ground and from very low vezetatlon,

| The first tw& months of 1940 showed an unusuélly heavy snowfall,
When leaving the road during January and February it was necessary to
travel on skiis, and on seversl occasions the depth of snow at random
points on thé area was determined to vary between 1Y4 inches and two feet,
with drifts nesr brush rows five feet or more in helght. During the time
this heavy blanket of snow was on the ground none of the short vegetation _
or plants with piiable stalks was available to ahimals livihg above the
Snow,

Because the first snows were heavy and fell on a relatively frost-
free grbund. the wermth of the ground below drg# the few inches of frost
from the surface leaving soft ground under the snow throughout the winﬁer.
There was no snow on the ground after March 20 and practically no freezing
weather from that date on into the summer, The spring and summer werer
avérage for the valley with average monthly temperatures ffom 36°F, in
March to 67°F. in Angust end average rainfall for that period 1.67 inches
per month, The vezetation on the section wés heavy thus affording atundant
food and cover for geme through the spring and summer, |

September and October, 1940, were warm and damp. The cover and food
plants remained in good condition and green until the middle of the
following month. Little movement of game and predators 6gcurred t111 the
firet of November, 1940, sincé the weather and food cond;tions were ideal
for fall. The first snow fell during the first week of November and |

winter weather set in immediately although for no length of time was the
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cnow 9xoessive1y deep as during the previous w:lnter, With exoeptipn‘ of o
one week in December the winter months of 1940-1 vmightv be considered mild.
The spring wes nomal; the snow having all me'lted by mid-March and the
vegetation showing signs of spring growth almost immediately in the
warn days t}_xat followed.' Field observations and collection of other data
were termina ted March 31, 1941,

o | TECHVIQUES RMPIOYED IN THE STOTY

Two msin attacks were made on the probleug--l_) ac_tua; observation in
the £ield and 2) interpretation of g‘oav.tlgm.i»p‘el}et ?na;ysj.é. ~Approximately
ten hours a week were spent in observation on the section with the éxoeptidn
of the summer of 1940 when 6-8 hours were spent in the field by an
inexperienced field workgr. Systématio obsemtionuqn'_'t_:hg geoﬁ.og_ ﬁth
the aigl oi" f:leld glasgea ’ mQrp:etatioz_x_of_s;gn, and ‘collegjziqanf N
specimens, scats and pellets yielded a considersble emount of valuable
gppplgmgntary data. Some faots were obtained from the fermers on the
section.w o 7 R | o

| Laboratory examimtton of scate and pellets followsd techniques used
by the Fish end Wildlife Serﬂpq, Thq items were recorded by n;mber
osourrizg in each soat or pellet. A quantitative messurament of the
gmounts of each food item eaten was not k_ept. These da*%auwier_e sépgra:l_:ed
according to season as it was not feasi‘ble to keep an accurate monthly
check on the detes of dropping. |

| THE FAUMA

- The following teble (Table I) shows the muber of sigificant

predator and prey species observed on the section at the end of each
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season as indicateds (The sedsopg are_thi'e_e month pe‘ri‘ogls--_Deoembér;“
Jenuary end Februery being wj.ntor, eto.) For convenience in stw_iy_ilzhe
animalg have been placed into more or less'mtural.grqups-raptgru'g_s:,”
oarnivorés, other ‘bird;,: end other mamea}.s». Arabic numerals »;ﬂdicgto
the number of individuals observed on the area in that season; Romen
z_lynnera.;ls. indicate *l;zhe month of that particular season in‘wlf:ich the migrent
or hibernating animis were first or last seen according to the time of
yesre
An accurate ccﬁnt y@s obtained of all the predators except weaselss

A careful estimate after checking tracks »anc‘l.silgn would. place the actual
muber seen et about half the mmber presemt.

A satisfactory cheok was made on tl}e_bmmbez_- of birdgvpz‘_'esenfb except
during the spring when 1t 1s estimated that only throe-fourths of the
p‘a.rtridgqg'we‘r.e t_‘]nghed. This‘:.n‘mbe_rr.»iq based on the number ofipa;tridges‘
seen during the previous month and the nunber of adult birds flushed in
the fall,:

1t was extremely difficult to get population mmbers of the small
mammals 80 index figures are used to show their a.bundm?oe. These indices
are used to show the fluoctuation .yvithip a species only, and vnot‘ the 7
x‘-el_ativewsizek oﬂfr popﬁlatiogs of_ d:}fi‘ez_‘ent qucie_s on the aree (aitl_zpugh
this is indicated in _a‘ slight degree). In the fall of 1939 the Microtus
popula tion had reached the upper limit of its cyole end during the spring
of 19,0 had been reduced to a fraoction of its former size. Estimates of
mmb_e:s of gctiye Tunways and. gmperq seen in a give;x lengthvof‘ timo

suggest that the number had dropped to less than a tenth of the previous



Table I. Numbers of prineipal speclies observed on the area by season.

»
. O 4 o) &0
Jo $i. go éo do g? %3
2 4R A3 33 33 g3 as
. RAPTORES o
Circus huésonius e e o0 06 e e 3 1.1 Z-1i1 1 Z.iii - -
Buteo borealis calurus « « « ¢ Le=ili ~- 1-111 3 2-111
Buteo lagopus s.johannis « « o 2-1if 1 1-1 1-111 '
Bubo virginianus occidentalis 1 1 1 1 1 : l-i1
Asio wilsonianus e o o o o o o 2 2=-i1 ’
CARNIVORES
Conis latrans o« ¢ o ¢ o ¢ o« . 1 1 l 1l ) 1l 1l
Mephitis hudsonica « ¢« ¢ ¢ ¢ ¢ 2 1l
Mustela longicauda ¢ o o o o o o5 1 3 6
Felis domesticus « o o ¢« ¢« o o 6 2 L 5 2
OTHER BIRDS | o
Perdix Pe Pardix e s o0 0 o o 22 . 9 10 2 ‘ 36 25 _ 12
Phasianus colchicus torquatus v L ‘ 5 i 3
- Piea piox hudsonia . « « . . 100t 100X 100t 100t - 100%t 1008 100%
Passer domesticus ¢ ¢ ¢ ¢ o o (large nnmbers around all buildings and brush)
Falco sparvnrius e o o o o o o 3=-1ii 2 2=1
OTEER MAMMALS
Microtus pennsylvanicusrmodestus e » .
Microtus nanus }16 10 > 1 1 2 5
Lepus tovmsendl ¢ ¢ ¢ o ¢ o5 o Ll- 7 2 1l 2 )4 l
Citellus richardsonii . . « « = - x-11 x x-3 x-1
Ondatra zibethica o« o ¢ o0 o 2 1 1 1 1 1

*Summer figﬁres inaccurate, data collected by 1néxperienced field man
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population., The reason for this sudden decrease is unknown. Numbers of
jack rabbits on the section were oﬁtained quite accurately after the first
snowfall,‘ The number of ground squirrels was no£ obtained but a seemingly
constant, moderate population remained on the area, inoreaging in the spring
and decre#aing slowiy‘in the swmmer and fall to a nnmber‘ﬁbout constent
for any spring census. This tendency of popﬁlations t0 remain near the
maximum carrying capacity of the range has been noted by many. King is
quoted by Errington (1938) as observing an increased vulnerability of a
top-heavy ruffed grouse population in Minnesota during the winter. By‘
spring the umisually large number of grouse stgrting was reduced to a
nﬁmber about avgrage for thertwo pfeviéua springs. |
THE BIOLOGICAL COMPLEX
Weather and Animal Kovementav

?redatorland prey éopulations cﬁanged conai&érably dﬁring the time ofk,
the study, This is only natural beoausé ;ny small change in en&ironment |
may itself ochange a patterh or may set off a series ostubsééuent ohanges‘
which will have a much greater effect on the'popﬁiatiop.‘ Adams (i925)
recognized the dynamie quality of ecological p¥ooeqses. :fThere_ii no fixed
relative balance of nAture, it is always undergoing change; the major rela-
tive balance was changed by the Indians, end much more by fhe Euroﬁoan. o
These changes impose new relative balanees upon all wildlife, including
predators, and thus this unending process of adjustmen£ to change
éontinues.” | o 1

Most 6f‘the changes on the study area can be traced‘directly to

weather eonditions and popuiation{ shifts (Plate II),
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Two American rough-legged hawks arrived on the area November 22, 1939,
and rerained there throughout the winter. The red-tails left the first of
Depenﬂ)_er and thq laet n_n;.:_'ehw hawk was‘_seen_‘the. midqlle_ of the.sgme_mopth.

The prey animals remained in goéd condition during the fgll, which was a
time of overlappixig periods of stay of the migrent raptores, so that the -
prey species went into the ‘wird:er. in unusuelly good condition,

The winter residents of the section included two rough~legs, one
great hormed owl ,two long eered owls, kaj. 09y9te,_at' least one sktmk; emd
gbqut tw_'e_l_.ve wep.ael.g_s 25 I?uropea.n partridges, 7 jack rabbits, and a large
population of meadow mices _ ’ o

‘Heavy, deep snow in the first three months of 194.0 worked a hardship
on most of the predator and prey enimals, but raptores, and mice which lived
under the snow almst mtirely, were pob effeoted a8 grestly ss the othors.
Coyotes continually blundered in the deep snow end lrad difﬁculty gei;ting‘
footing for a sudden spring, Rabbits fared little better; true, they
stayed on top of the light orust most of tho tins, but when startled they
would ok through the orust and be hard put to regain thelr footing 8o
they could escapes The pertridges got_along moderately well bf;i_: were
vulnerable to attack when the&_we_:{e down in the snow or away from the
brush, Their initiel spring in the air wes oqns.'_t.‘derab].-y’}_zgmpe»r_ed by the
depth of the snow and the first few wing beats lost impstus by striling -
the snowe | B o o o :

A11 the snow had melted by the lest of March end about that time the
firet marsh hawk x:etu:nad for the summer. Nearly two weeks later the

red-tails arrived, During that time the rough-legs were returning 'to
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- thelr sumer haunts in the northe In the spring and early summer tl}ere
was a sudden end radical decrease in the mouse popula'l;ion 80 thajb it
becefme. only e fraotion‘of that of the previous summer. The summer was
average for the valleye )

A summer census showed prosel}t on the area three z"‘ed-taile,p_fmkz;'_» .
warsh hawks, one great horned owl, one coyote, a skux;k; and 12 woasels;
35 Europeo.n partridges, four jack rapeibs » & small population of mice,
and a moderate population of ground squirrels, S

. The arrival of grasshoppers and other inseots in the spring took a
considerable loed from the vertebrate prey for nearly all of the predatore
on the area a't;e censid_erablo Qentities of insocte _dg_ripg the_rsmmge_rf‘e.s
scat end pellet analyses showed. In the early fail several ring-necked
pheasants (Fhasisnus oolohi éus torquatus) migreted to the area thus
introducing a new element into the population eenfigufatioh_. .

The disappearance of insects with ﬂxe"advent of coj.d wweet}n;' shifted
the diet of these predators almost completely to mice again, The food
and cover plants on the area were frogen in mid-fall and ‘the prey species
were more expeeed e.m; 1n poorer condition for winter weather which set in
the latter part of October. o I o

The winter of 19,041 was somewhat colder and more extended then
the previous winter, This winter population was oamposed of ome grest
horned owl, one coyote, at least one.ek}mk; & dozen weasels; 20 partridges ,
three ring-#ecked phessants, five jack rabbits and a moderate population
of mices Fo other raptors wintered ’on the area and the owl that had been

resident there for some time shifted his hunting to more favoreble parts
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about the first of February. On termination of the study March 31, 1941,
no hawks had returned from the south and the partridge population was
reduced to about 18-20, otherwise no population changes were evident for
the spring of 1941,

During the winter the apparently less available food and the
decrease in the amount of satisfactory cover teanded to keep the predators
more widely distributed than in the summer. It was found that the animals
dally hunted almost all of the area within their normal daily cfuising
radius. There seemed to be less overlapping of hunting territory among
similar predators than in the summer, It was found that scavenging was
more prevalent in the winter months, presumably becauss of lack of sufficient
emountsg of other‘foods. Definite evidence of both carnivore and raptors
scavenging was found in the snow in ‘the remaing of chickens, magpies and
a newborn calf picked clean.

Increased predator pressure, caused in na;t by the influx of-
migratory species, somewhat iecreased the relative availability of the prey
species (aside from the super-abundant mice in 1939-40) for n'short time
in the fall and for a slightly longer time in the spring (see plate I1).

There was very little direct antagonism between owls and hawks
but there was a great deal of direct competition in the way,of pressune on
the same prey species, the hawks exerfing pressure in the dnytime and the
owls at night. 1In the early morning and late evening hawks and owls were
seen hunting over the same area simltaneously, but this was not commoh.
These two raptores effected a never-ending pressure on rodent populations

and the threat of accidental predation on game species was always present,



dey and night.

4 coyote, two skunks and abqut 12 weasels roamed the area
constantly.' the weasels: -seldom covering an area more than a hundred yards
in radius during one day. Except a few hours at noon these mammals hmited
bkthe area almost uncea;singly. some of them hunting througf.out the night.
Yearly the entlre section ﬁas systematically hunted the y;ear round by at
least ﬁix house cats, Thus another facfor was added to the already complex

"balance" existing on the section.

Flora~feuna Relationships

There are certai.n ecoldgical'éésociations which generally need
no explanation, but when interpreting predator~-prey phenomera it is well.
to have the details of the situation well in mind.,

Wild populations tend to exist in proportion to the amou.nt of
edge~-effect. It is expected that animals will be found most frequently .
next to those edges; the data gathered on this study are in no way
contradictory.

Along sloughs and ditches in pastures thére wa§ a ré.i;her constant
. population of meadow mice. Here they were in their préferred habitat-~-wet
ground with a heavy overgrowth of grass which permj.tted them to build |
their tunnels on top of the soil yet rem;ain hidden.: vHummocks of ground
on which willows stood in the sloughs gave the mice a good pléce in which
to build their nests and push £heir tunnels. The rank, vgreeh vegetation
.which grows in the sloughs afforded the mice a never ending supply of

green food materisal, even in winter, The marsh hawk, which shows a
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predllection for meadow mice, was seen coursing over the sloughs and wet
pasture lands. Red-tsiled hawks and occasionally rough-legs were seen
qmiartering the sloughs in search of prey. In the evening owls hunted the
same area. The crepuscular coyote hunted the sloughs taking heavy toll of
the mice it found there. Although weagels and siunks were less specific
in the cldoice of land which they hunted, they were often seen snooping here
and there up and down the sloughs in search of prey.

A Wet ditches, and the wet ’ground neer them. present a different
type of flora--one trensitional between hydrophytic and mesophytic. The
grass found there was still mainly blue grass with a heavier mixturer of the
more wiry Cerex end Elymis,  There were numerous forbs along the ditches
and a rather dense stsnd of rose bush, snowberry. willows. a.nd alders
alternated with stretches on which the only cover was tall grass (__mp_
and Bromus) and various forbs., There were some mice here ‘but considerably
fewer than along the sloughs. The tall grass and brush afforded excellent
cover for rabbits and partridges the year round. Invading the ditches and small
streams in the more open areas were a few muskrats vhich ee.siiy ‘fell prey
to the larger predators because of lack of cover. Red-tailed and American
rough-legged hawks end a great horned owl hunted along these ditches snd
moist areas. Coyotes, skunks. and house cats~found ample stalking cover,
During the dey hawks were seen loafing and owls sleeping vin the sillows.
alders, and occasional tall cottonwoods along the ditches. The hawks and
magpies used the brush as resting cover at night as did the owls, skunks,
and coyote in the daytime. Animals fluszhed from cover and signs left be-

hind proved this point., Numerous small birds, including a la.rge number of
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ﬁnglish sparrows, inhabited this brushy area 41l year and domestic chickens
fréquently hunted along it.

There were three farms on t-he area and seven adjoining it; all
~of these units had some chickens which, partiéularly ir summer, foraged
as far as half a mile from the buildings. These chickens fed along fences
and brush wﬁere the hawks, owl, and coyote were to be found hunting or
¥esting. yet the 6n1y predator action against them (as far as could be
ascertained) was scavenging on dead chickeps ~Gumped out by the farmers.

The pastufe areas on the section were either dry or had sub-
irrigated Yorders along ditches and sloughs. The dominant cover in the
pastures was blue grass with scattering brome and timothy in parts. Along
the fence rows there was some rose brush and aider as well as a few lone
cottonwoods. The more damp parts of the pé.stures were well populated ’by
readow mice and were freely run over by jack rabbits., In the spring, summer

and fall numerous ground sciuirrels (Citellus richardsonii) were found in the

pastures, particularly along fénces and high ditch 'banks.. ' Thé paétures
were hunted by all the raptores on the area, and their borders were
thoroughly patrolled by coyotes, skunks, a.nd weasgels, - The da.mp pasture
land seemed to be the hunting groimd most in common to the predatore of
this area, | '

The fields on the seétion were of three types during fhe< winier:
£all plowing, alfalfa, or wheat stubble. The plowing supported practically
no game or buffer populations eicepi_ for the few individnals along the
borders of the fields whére they apparently had migrated from the poﬁulous

‘nelghboring areas.
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The &lfalfa supported heavy populations of meadow mice and aiong
the edges furnished food for the rabbits and partridges in the ‘summer.-

Early in theiinter the wheat stubble offered cover and food to 2 large
population of meadow mice and numerous partridges. Many éoyote scats and
gkunk sizn were seen along the edges of the stubble fields. The partridges
spent a large part of their time in the edge of the stubble, around straw
pile‘s and along brushy fence rows during the entire time of study. In the
sumner when growing érops were found on most of the field areas, the rodent
and game populations moved in quite rapidly to take advantage of the abundant
food and cover which crop leand offers.

The change of croppling practices and consequent shift of plowed
are'as on the section dnring the summer and fall of 1940 had a very marked
effect on the position and movement of animal poimlations.' With theiat,e
 gummer plowing of large portioné on the east side of the section all
populations shifted west:-to pastui'es and unplowed Acr0p_ lands. By noting
‘the types of farming practices on the various parts of the seétibn (see
plate I) it is possible to placé appfoximately the positions of concentratlons

of smaller prey and hence also the areas where one would find the predators.

" Predation Patterns
Mice: In winter the meadow mice on the area were found to tuild nests
enove the ground and under the snow. A little dome iéed over by the heat
of their bodies resulted and almost invariadly a smsll vent was formed _
directly above the negt. Bailey (1918) notes this behavior in the Microtus

of Glacier Park. "When the first snow falls they (Microtus) plow 1little
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tunnels over the surface of the ground, and these become hardened and
throughout the winter are avenues of travel. . . Many winter nests are
built on the surface of the ground and occupied until the snow di sappears."
From these nests on top of the ground tunnels ramifie;l through the snow,
as extensive in a,horizontai plane as‘ are their subterranean tunnels in
summer, » _

Weasels -and skunks made a habit of visiting these nests which
they located by the small vent. Weasels frequently explored the 1nside
of the 1little iced domes, sometimes even working out :lnto the tu.nnels, only
to come back out through the place they entered and go on to another nest.
Skunks hunted about these "houses" in & manner similar to the weasels but
less frequently actually entered the nest. Piper (1909) says, "They (slmnks
and weasels) are most persistent enemies of mice._ hagpies opened the :
“mouse nests as soon as they‘: could reach them through the opening in the
snow, | R

The deep snow apd. the frost free ground were a boon to the mice.
They built their homes and tunnels securely under a foot or more of snow,
gathered green food all winter long and lived comparatively free from attack,
Hawks and owls were seen to dive :lnto the snow after mice, frequently
completely burying themselves and emerging now and then with a mouse, but
more often without it, The predatorj mammals lived 1ittle better, usually
returning from a plunge into the snow with empty claws. In spite of these
depredations the mice lived comparatively free from disturbance while the‘
snow was deep on the ground{ And in spite of their relative secun.ty they

furnished the staple winter food of all the predators on the area as can be
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gseen in tables II, 11I, and IV. -

ground squirrels: Ground squirrels; vhich are.preyed upon considersbly

by the larger rai)tores and predatory mammels, ceased their activity for the
most part by the last week in September and hence their buffer action disap-
peared, .. Yo October pélle’ts or gcats contained ground squirrel remsins.
.Their izibernation occurred at a time whqn predator pressure was increased
by the influx of migratory raptores.. By the middlévof March the ground
squirrels came out of hibernation, Just after the winter resident raptores
had gone north. Their aprearance from hibernation at this time relieved
some:of the strees on other populations at a time when dreeding, choice of
nesting sites, etc., made.the latter intolerant of their winter concen-
trations and less cautious in their habits, |

. Several early April scats and pellets showed predation had already
begun on the éround squirrels. Fur and bone fragments in scats and pellets,
and skulls lying in the field showed that ground squirrels were preyed on
quite consistently as long as they were available. The last three of -
Leopold's five deleterious effects of buffers (p.9) epplied aptly to the
ground squirrels, - At the same time they were of great value in reducing
pressure on other gpecies throughout the summer,: - - =~ . = £ »
Coyote: - The coyote, a native of the plains country, has stayed there while
the farmers have moved in around it., By changing its ways so as to live
with the‘farme;' it has been able to étay in its old t.erritory'in spite of
efforts to exterminate 1t. |

* At times 1t hunted practically in the farm yards as tracks proved,

Frequently during the winter coyote tracks were followed along the willow
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patches, brushy fence rows, and out across open fields. The tracks showed
that the coyote had Seen hunting these'axfeas éuite carefully, not over-
_looking any possibilities--mice, rabbits, partridges, or whatever else
night occur in its path; In late November, 19329, therema;nsof a large
muskrat killed end eaten by a coyote were found under a willow sabout fifty
yards fr§m a small'stream.4 This was without doubt a case of accidental
predation, The p?ace vhere the muskrat was caught was closé to a fénce
and dry ditch which the coyote habitually used while hunting that side of
the pasture, In another part of the section a marsh hawk was killed by a
coyote. Fresh tracks and a newly dropped scat were found a short distance
from the kill, Apparently the coyote had discovered the hawk early in the
morning as it was sleeping on the grgund near some scrub willows in a‘
slough and had Kkilled it. |

| Table II summarizes the food habits of the coyote as determined
Sy scat analysis only. Other sign found in the field show that the coyote
<had also eaten a muskrat, carrion chicken, a magplie, a marsh hawk..a Jack-
rabbit, and a ground squirrel. The birds were taken in the winter, the
memnals in the spring and fall. ’ |

Mice formed the main food of the coyote throughout the year but

other mammals also were taken during the summer; the iarger size of the
latter prey would make them an important factor in the coyote's diet.
Insects were teken in large enough numbers to make them important during
thé warmer months. Column B gshows that théy were found in quite large
mumbers in 1/6 to 1/3 of the summer scats. Birds were preyed'on only

during the winter and then were an infrequent item. The sparrow-size



Table II, Seasonal limmai-y of coyote scat analysis. Colum "A"=-average number of food items
per soat, column "B"eenumber of soats in which that food item appeared. (See plate III,)

1939 - 1940 - 1941
] Fall Winter | Spring | Summer Fall Winter | Spring
Total number of scats 29 2, 12 6 23 12 .6
A B A B A B A B A B | A B A B

MAMVALS L.28129 | 3475 |24 | 4.83 |12 | 3.67| 6 |L.17(23 | k.33 (12| 1.83} 6
Microtus | Le21 (29 | 347512 | 46T |22 | 3.67] 6 |4.17(23 | Le33(12]1.83| 6
Citellus - 03| 1
Others ‘ 00!]. 1 016 2
INSECTS 52| 5 831 L] 50| 1|Les] 6
Acrididee 17| 3 33131 33111 J17( 3
Coleoptera 171 2 : 3.00]| 3
Noctuidae larvee : 143] 2
Others JA8( 3 SO 1 17! 1 05 1
BIRDS o a3 3] s3] | | .09| 2] 08|12
'Partridges - 08| 1
Others ! 1
PLANTS | 2l L] 09| 2] W52 a3l 2| .08]1
Grass, straw 1 o7 4| 05| 1| 2512 13| 2] .08]1
Others Ol 1] 1
MISCELLANEQUS "JO071 2] 13131 0811 : .17 3

See appendix, table VII, for individual soat analysis.
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 birds usually taken could be hardly more indicative of food habits than

a single mouse. It is quite possible that many of these avian prey were
taken by sanitery predatio'n. Some extraneous plant material was found in
nearly every scat snalyzed, only exceptional items or amounts were nofed in
the tadle, Miscella.neousvitems included a considerable amount of sand
(grit from the giziar_d of a partridge), U4 Nematode parasites, proglottids

from a Cestode, one small Gastropod, and some wood, stones and dirt.

:

From the few skunk scats available (see table “X) it appears that

skunks fed almost entirely on mice in the winter and on insects and mice
in thev summér. A summer scat (not included in the table) founti at the
beginning of the study consisted entirely of grasshopper remains. Those
taken during the study usually hagi at least one mouse i'epresented.

‘Buropean partridge: During the winter months the partridges becan;e

" extremely wary end it was difficult to epproach within 50 yards before
~ they flushed. In winter the partridges could be seen along the ditch
banks where there was little snow picking up seeds, green gfass. and
gravel, and taking dust baths. At other times they frecj_uented straw piles
ead the stubble next to brush rows. They would scratch through 6-8 inches
of snow to get food and grit underneath., By mid-March the partridge'sl
’ were aiready paired end claiming nesting grounds.

In spring. summer and fall they were moi'e secretive in their
habits and lay well, flushing suddenly at short distances. Throughout the
summer they spent most of the time out in the fioildsv and in pastures within
a hundred yards of cover. In the fall they congregated in coveys of from
- 6~20 members, Shortly after heavy winter set in the coveys broke into

smaller groups and several left the area, so that by spring there were
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from 8-10 pairs left on the section. Apparently 9-10 pairs is the
approximate carrying capacity of this section for nesting partridges.
In this region the partridge population is limited mainly by the amount
of available food in winter, and secondarily in most instances by the
amount of cover,
Eawks: All observations on hawks were made according to species btut it
was not feasible to separate pellets, so pellet analyses were grouped as
food habits of "hawks on the area',

Varsh hawks may be seen any time in the daylight hours coursing‘
back and forth across sloughs or fields hunting mice, They fly tirelessly
only Y-6 feet above the ground, making sudden plunges earthward as they
see gsome quarry. Occasionelly they rest a few minutes sifting on the
ground, or when worried by a group of magpies they may take shelter in
‘some brush for a short time. On no occasion were these hawks seen to eat
anything but mice, although 1t is quite probeble that they hunt small
ground ‘squirrels in the summér. Tke marsh hawic eats many insects during
the warmer months, | _ |

The red-tails are the hawks one commonly sees circling high in
the air, When hunting they may quarter the fields end pastures like the
nargh hawk or- spend much time sitting on a post or.in a tree wé.tching for
some 1arger'prey. During the summér the red-talls apparently prey to a
considersble extenﬁ on ground squirrels, but in the spring and fall they
have to rely almost entirely on mice for sustenance,

The Americean rough-legs come down from their far north nesting

Teglon to winter in the northern states.' From their arrival in November
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'£111 their departure in Februsry or March their staple food is mice.

_ At‘times they may chance on a partridge, Jackrabbit, or in hard weather
may éven "gtoop" to eating carrion, as do most other predators in the
iinter. The rough-legé were watched carefully and were observed to prey
only on mice during their stay here in the winter, |

A summary of hawk pellet analyses is zlven in table III., No
pellets were‘foun¢ in the winter and ﬁpring of 1941 because the summer
hawkg had all migrated south before winter set ixi. no northern hawks
wintered here, and the summer residents had not returned when the study

was terminated. | 7

Though there were fewer hawks in the entire valley in the winter

. of 1940-U41 the absence of hawks from this particuler section may have
been closely associated with the local scarcity of mice. Dymond (1939)
believes "It 1s the prey which determine the nmumber of their predators;
Predators do effect to some éxtent the numbers of their pré& but the
_initiative lies with the prey." k

The staple food of hawks oh the section at any time was mice.

Ground squirrels were preyed upon in the warmer months., A rabdbit, a

pocket gopher (Thomomys talpoides) and an unidentified small carrivore

were also taken in thelsummer. ‘The pocket gopher must have beendpicked
up in the foothills 5-6 miles away as none have been found in the inter-
vening area. These mammals formed a material portion of the diet of the
hawks resident on the area in the‘summer. When av#ilable. insects were
taken in quantities sufficient tokméke them a r#ther importent source of

food. Some birds were taken but they probably played an insignificant



Seasonal summary of hawk pellet znalysis,

Column "A"--average number of food items

TABLE III.
" per pellet, columb "B"-~number of pellets in which that food item appeared.
(See plate IV.)
1929 - 1940 1941
Fgll |Winter |Spring |Summer Fall Winter |{Spring
Total nuxber of
pellets 50 23 3 63 54 0 0
A B [A B A B |A B |A B |A B JA B

MAMMALS 1.96 |50 |2,28|28 [2.41|31 {1.75(63 |1.70]|54

Microtus .4 [50 |2.28(28 [2,39|31 [1.70 63 |1.68|54

Citellus 03121 .02] 1

Others 02 1 0211 021

INSECTS 2419 3517 | .68[20 | .52[19

Acrididae 20 | 7 0311 |.29011 | .23[10

Colecptera .08 |1 A0 31 .36]9 ] .21 8

Coleoptera larvad .02 | 1 L0312 ] .04 2

Noctuldae larvae | .. : 16] 1 02| 2

Others .04 06| 2 02| 1
BIRDS 02/ 1 .05t |.03/1].03|2].06]3

Sparrows (1) 02] 1 0511 03] 1 03] 2 06| 3
PLANTS 082 |.o4fx |13 |3 .06] 3

Grass, straw 021 | .oul A0/ 1 .

Forbs 021 O 2

Grain LUl 2 0311 .02] 1
MISCELLANEOUS .06 2

-[g -
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role in the food habits of these hawks.
Cwl: The great horned owl hunts nocturnally, plcking up whatever prey
its powerfal talons cen grasp., Table IV shows the food habits of the
great horned owl as learned from pellet analysis.

. The owl lef£ the area early in February, 1941, so few pellets
were fou.nd in the wintér and ﬁone in the spring.

The principal food of this raptorewas mice. Ground squirrels
played & small part in the food of the owl because they are strictly
diurnal and the owl 1s crepuscular and nocturnal. Insects, mainly the
larger beetles and grasshoppers, were taken quite often. Birds are a
elgnificant, though hardly important, item in the owl's diet. They were
taken, perhsps, mainly through accidental predation,

Magpies: Magples were sometimes seen worrying marsh hawks or red-tails
after they had caught é mouse or some other bit of prey. The megples

even tried t&'rob the big rough-legs that wintered on the area. They

are a most omnivorous bird--robbing granaries, ldlling mice, stealing
from other birds of prey, hunting out carrion and otherwise eating almost
anything they can find., JFrequent evidence of predation on mice was seen
throughout the winter, sweeping tall marks, a bit of viscera and fur in
the.snow testified to this hébit of magples. Almost invariably one or two
magples were frightened ffom any carrion that happened to be lying exposed.
General:s DYesplte some radical changes in the predator and prey
populations during the time of study the predation pattern remained
essentlally unchanged throughout that time. The following plate and

tables clearly indicate the nature of predation that occurred on the area
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TABLE IV. Seasonal swmnary of owl pellet analysis, Column "A"e—average number of food items
per pellet, column "B"-enumber of pellets in which that food item appeared. (See plate IV.)

1939 - 1940 191
Fall Winter [Spring |Summer Fall Winter |{Soring
Total number of

pellets : 31 20 28 10 Uy 12 0
A B_[A B |A B |A B 1A 8 1A B_|A B

MAMMALS 2.19131 |1.45(20 |2.93 |28 |1.30|10 |1.93 |1 |1.83 12

Mierotus 2.19(31 |1.45(|20 {2.89(28 [1.20[10 |1.86[1} |1.83 |12

Citellus ] 4101 1| 0711

Others Ol 1

INSECTS 9T T 22| 2 O71 1

Acrididae L3 L 071 1

Coleoptera Ji8| 5 Jd1( 1

Nootuidae larvae 06 1| ‘

Others - W11 1

BIRDS 09| 3| 05 1 101 1| O7] 1

Sparrows (1) 09 3| 051 20/ 1] .07|1

Pertridges -

PLANTS 16| 51 10| 2| JOT| 2

Grass, straw 061 2] .10 2| 03} 1

Grain 003 1l . 1l

Others 071 2

MISCELLANZOUS 03] 1 07| 2

See appendix; Table IX, for individual pellet analysis.

-G
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under consideration.

As one may infer from plate II, the greatest pressure on the
prey occurs in the fall d.uriné the migration of raptors asnd perhaps more
seirerely in the spring when the prey populations are moving about after
rigorous weather, have a lowered resistance to adverse environment, and
are in the process of finding mates for the ensuing season. ﬁnng the
spring, a period of unstable populations in an ~unsta,‘nle physiological and °
psychological state, a relatively high pr0portion of the prey species. is
susceptidle to attack by hungry predators.

All the important predators obtained some of their food through
accidental or sanitary predation. Such predation probatly included the
partridges, ground squir.rels. and muskrat killed. This is not an unde-
sirable thing for, as Cottam and Nelson (1933) say, "predation within
reasonable limits exerts a wholesome effect by curbing reproduction of
the less fit individuals and therefore maintaining quality and preventing
sprea.o of disease", Iocidental predation rarely assumes proportions
detrimental to the maintenance of satiéfa.ctory populations,

'Eating carrion was common to allrthe predators. Many of these
cagses were actually observed and often sign found a.round. carcagses showed
plainly that it was an act of scavenging a.nd not a fresh k111, Dead
animals and chickens were seen in the field and later evidences of
scavenging on these oarca.sses wer‘e to be seen plainly. Unless there is
field observation to ald in interpretation it is often impossible to tell

from a feather in a scat whether 1t was primary or secondary predation

or scavenging,
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" Observed cases of irregular predation are noted below:

Table V.—-Irregular food habits of predators studied’

Accidental Sani tary(?) Scavenged
Great horned ow sparrows partridge chicken
Hawks : Sparrows ground magpie, chicken
squirrel '
- Coyote muskrat partridze partridge, magpie
_ chicken
marsh hawk ' dead calf
Slkunk : - - dead calf
Magzpies sparrow mice (1) blackbird, chicken

all dead animals

Nﬁmbers of mice eaten by predators were determined for the most
part by counting the number of incisors found in the scat or pellet.
Océasionelly long leg bones were used when no other determinative
character was present., A mass of fur without bones was counted as one
mouse even though 1t obviously represented more than one. All numbers
. were taken from the greatest number of determinative bones present., The

mice were all ldentified as Microtus pennsylvanicus modestus and M. nanus

by examination of specimens caught in traps. Only Microtus were trapped

tut Peromyscus artemisiae (?) was determined to be on the area by

4

identification of a pair of mandidles found in a coyote scat, and by
tracks and feeding sign in winter, |

Other remains were identified with the aid of various members
of the staff and .by comparison with collections. Numbers were determined
by teeth, head éapsules. and identifiable bones as fa.r as possidble, The
vpresence of Silphid beetles would indicate the probable éating of carrion,
Feathers, plant material and extraneous substances were recorded as

"occurrence" as there was no vay of determining numbers represented by this
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paterial. A small amount of grass or‘ straw was found in almost bevery
scat énd pellet analyzed; instances noted in tables were unusual cases.

‘Tabulating pellet and scat contents by occurrence only is often
misleading; it gives a false picture of the 1mpoi‘ta.nce of various food
items in the diet. The average number of items per scat or pellet is a

" better index of the quantitative importance of that food.

Actually mice probably constituted over 90 per cent of the bulk
of the diet of the predators here discussed. During the summer the mice
were available to all of the prédators at 8ll times of day and night. 1In
winter their reduced availability seemed to decrease the number taken.
but loss of other prey species serverd to increase the percentaze of mice
in the predators' diet. ‘

The sharp reduction in numbers of mice in the summer of 19L0
did not produce an appreciable change ;n.the food hé.'bits of the predators
on the area. This observation does not bear qut the statement by Cottam
and Nelson (1938) that "shortage of a preferred food species may dbe
reflected immediately in the food habité of an animal and locally alter
hig economic status®. | A

| ‘m‘len avallable, insects were taken in large quantities by all
the predators on the area., In coyote scats and hawk pellets insect
remains -were fourd 1n one out of every four or five summer specimens snalyzed.
The owls took fewer insects but thils food still played a significant role
in their diet. Birds were taken by all the predators malnly in thé :
winter months, This indicates that birds were preyed upon mainly in periods

_when other prey was scarce, The birds taken were mostly small birds,
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probably sparrows. Mlscellaneous items included such things as sand,
internal parasites, and crustaceans., Some extraneous material was

found in almost all scats and in a large numter of pellets.
SULMARY AND CONCLUSIONS

1) In an intensively worked, well populated farm area these‘predators
prey only incidentally on domestic animals. |
2) Data were insufficient to determine whether changezin the number of
food items per cast ﬁas a normél seasonal f}uctuatién or not; 1.,e,
whether there was a significant variation in the numbers of a specific
food item per cast at various seasons of the year.
3) Mice were the staple food of all the predators on the study area
| 'regardless of the density of mouse populations-
4) Insects played a significent role in the diet of all predators.
5) Birds, as prey, Qore significant but not important items in the
prédators' food.
6) Reduction of mice may have caused a reduction in the number of
| predatorss perhaps predators did not change food habits to meet a
10551 shortage in their ﬁreferred food but changed hunting areas.
7) Predators eat what is most availsble:; the proportion of food items
"~ 4n the diet is proportional to the awailability of the prey species.

8) The predators on this area had little effect on normal prey populations.
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Table VI. Summary of weather conditions in the Gallatin Valley during the period of
investigation. From Montana State Chemistry Experiment Station weather report.

1939 : 90
Nov | Dec | Jen | Feb | Mch | Apr | May | Je Ay
max 5205 ,4006 2308 33.7 )4.502 51.9 68.3 7).].05 8203 .
Monthly ave. min |25.L [22.5 | 3.3 [15.9 [24.7 |30.9 {L1l.h |L7.0 [52.4 .
temperatures ave [38.9 |31.7 {13.5 |2,.8 [36.1 (LY.L |5L.8 | 60.8 [67.3

Precipitation «05| 1.,00| 1,98| 1.22] 1.28| 3.33| 1.38/ 2.99| .61
Snow fall ) 1.00 1.50 27 50 22.25 9.50 - - - -
Snow depth, last ‘
Wek Of month - 5.00 ]14.00 13.00 - -an - - -
Wind direction se| sw| sE| sw| sw| SE| SE| E"| SE
1940 ‘ o

Aug | Sep | Oct | No
~ max [82.0 [70.1 [60.5 |34

Monthly ave. min |50.0 |L5.8 [36.7 |lL.1

temperatures  ave [66.3 |57.9 |L8.6 |24

Dec Jan | Feb | Mch
3Teh4 [337 [3643 [L6e6
18.6 |13.3 |15.8 | 25. 9

v
9
1
5
025 1011 ’ 020 ohl-l- 078
20

Precipitation | .45 2.48] 1.,05] 1
Snow fall - e | o= 22, 11 073 6078 8050 3060 -
Snow depth, last : .

week of month : - bl - 3 . 1.0 11.00| 2,00| == | -

Wind direction SE| SE SE | SE - SE SE E

_Ofx-
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Plate 11. Graphic suggestion of predator-pressure and prey-availability. Arbitrary, but
proportionally significant values used to indicate predator-pressure and prey-availability at

different times of the year.

Ic-wov Dec-Feb  "."ch-May beP-Nov Dec-Feb Md

Eutec lagopus s-jnhannis
Buteo borealis calurus

Circus hudsonius K3
Predators BUbo virginianus occ. re
Canie latrans CS
Mustela longicauda E@
Felis domeStious S

Mephitis hudsonius

Availability of all
prey except nice

Phasianus colchicus tor.

Perdix p. perdix as

Lepus townsendi CS

Prev Citellue richardsonii Bl
Microtus epp. (cyclic regress

(024}

Peronyscus sp



Plate III.

" Figure 1. Coyote scat.

Tigure 2. The same scat analyzed bones and rur of hicrotus.

Upper left: fragments of bones.
Upper right: five upper-left incisors, e

, seven upper-right 1ncisors,‘and a pair

in the maxillae.
five lower-left incisors.

o six lower-right inclsors. .
Center: bits of grass.
Bottom: fur.
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Plate H i



Plate IV.

Figure 1. 1'lawk pelleté.

Figure 2. The larger pellet analyzed; bones and fur of licrotus.
Upper left: bone fragments.
Top center: two pairs of upper incisors.
Upper right: two pairs of lower incisors.

below: skull with full complement of incisors.

Center left: bits of grass.
Center richt: bits of exoskeleton or a grasshopper.
Bottom' fur.

Figure 3; Owl pellets. ‘

Figure 4. The largest pellet enalyzed; bones and fur of Mierotus.
' Upper left: fregments of bones, tail, and foot. '
Upper right. skull with upper incisors and two pair
of upper incisors.
below. mandibles with incisors, three lower-right
incisors and two lower-left incisors.
Center: bits of grass.
Bottom: fur.
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Plate IV
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Table VII.~-Results of analysis of coyote scats teken between October, 1939, and April, 191,

FALL 1939
l. & mice
2. 3 mice, ceanine of small carnivore,
piece of corn cob, grass
3, 6 mice, 1 small Gastropoda
. Jmice
5. 3 mice
6. 3 mice
7. 2 mice
8. 1 mouse, 3 Acrididse, 1 Diptera
9, 2 mice, 1 Acrididae
10. 6 mice
11, 4 mice, stone 1/un diameter .
12, 2 mice
13. 3 mice, long blads of "slough grass"
14, 5 mice ‘
15. 5 mice, grass, Hordeum seeds
16. U4 mice
17. 2 mice
18. U4 mice
19, 2 mice
20. 9 mice
21. 9 mice, 1 Scarabaeidae
22. U4 mice
23, 6 mice
24, U4 mice
25. 5 mice, U4 Coleoptera, 1 Lepidoptera
5 blowfly larvae, carrion Citellus
SR richardsoniy
26. 5 mice, 1 Asrididae. grass and leaves
.27 3 mice
2. 3 mice
29. 1 mouse

WINTER 1939-k0

.
3.

3 mice
4 mice

32,
33

35.

4 mice, 1 Nematoda, chicken feathers
7 mice, several tapeworm proglottids
2 mice
2 mice, 2 large pieces of wood
6 mice
4 mice
1 mouse
1 mouse
2 mice, ford leaves
1 mouse, small bird feathers
71 mice, 1 small bird
3 mice
g mice
4 mice
mice
mice
1 mouse, considerable fine grass
a mice
mice
4 mice
2 mice
6 mice

1940
4 mice, 6 pupal cases
. 5 mice, 2 Acrididae

. 3 mice, small bird feathers
6 mice, 1 Acrididae, small bird feathers

4 mice, 34 blades of "slough grass"
7 mice, Poa leaves and seeds

4 Microtus, 1 Peromyscus

71 mice, 1 Acrididae

Mouse halr, larve amount of dirt

8 mice ‘

Only mouse hair




_Table VII continued

. 65. 6 mice, small bird feathers, : 93, 3 mice
rabbit fur 9, 3 mice
SUMCER 19L0 WINTER 15%0-41
66. 2 mice . v 95. 3 mice
67. 6 mice 96, 5 mice
68. 5 mice : 97. 5 mice -
69. 2 mice, 2 Acrididae, l lepidoptera larva 98. J mice
70. 2 mice 99, 6 mice
71. 5 mice ' 100, 2 mice
. . 101. 3 mice '
FALL 19% 102. 6 mice, 72 inches of grass leaves .
72. 10 mice, small white bird feathers 103. 4 mice
a I mice 104, 5 mice
T4. 8 mice : 105, 8 mice
75. 3 mice 106. 2 mice, bill and feather stud
76. 3 mice of partridge
77. 3 mice, much fine straw and grass
78. 9 mice, 1 Nematoda SPRING 1941
79. 5 mice, 2 Nematoda 107. Only mouse hair
g0, 3 mice, wheat straw and chaff 108. 3 mice
g1, 6 mice = 109, 2 mice
g2, U4 mice ‘ 110. 2 mice
85. 3 mice 111. 1 mouse
86. 7 mice, 2 Acrididae, 1 Nematoda 112, 2 mice
87. 3 mice, 31 Noctuidae larvae, 2 Carabidae
2 Sylphidae
8. 1 mouse
89. 5 mice, 1 Acrididae. 1 Coccinellidae
90, 6 mice, 1 Diptera
91. 3 mice, 1 Acrididae

92.

3 mice, 64 Carcbidee, 2 Noctuidae larvae,
small white bird feathers

i



-

‘mable VIII.--Results of enalysis of hawi pellets teken between October, 1939 and A'pril. 1941,

FALL 19329
1. 3 mice* 29, 2 mlce :
2. 3 mice 0. 3 mice, several leaves of forbs
3, 6 mice, 1 Hemiptera 3l. 1 mouse -
4, 2 mice ' 32. 1 mouse, 1 Hemiptera
5. 2 mice : 33, Y4 mice
6. 1 mouse _ . 1 mouse, lepus towsendl hair
7. 1 mouse 35. 1 mouse, 1 Coleoptera ' ;
g. 1 mouse : 36, 1 mouse, 1 Acrididae, 1 smsll bird
9. 1 mouse ’ feather
10. 3 mice, 1 Acrididae ’ . 37. 1 mouse .
11. 2 mice, 1 Acrididase : ' 38. 1 mouse, 2 Coleoptera
12, 1 mouse, 1 Acridlidae : 79, (parts of 7 pellets) 1l mice, 1 Acrididee .
1&. 1 mouse 40. (parts of 5 pellets) 10 mice 3
14, 3 mice, 1 Acrididae : o i
15. 3 mice, 1 Acrididae WINTER 1939-10
16. Only mouse hair, 3/ inches of grass 41, 1 mouse
17. 2 mice, 1 Acrididae 42, 3 mice
18. 2 mice o - : » - 43, 5 mice
19. 1 mouse ' 44, 3 mice
20. 3 mice, 2 Acrididse, 1 Coleopterg larva, 45. 1 mouse
2 xernels of wheat, 1 of oats - 465, 3 mice
21. 2 mice 47, 1 mouse
22, 2 mice 43, 3 mice
23, 2 mice L 49, 1 mouse
24, 2 mice . 50. 2 mice
25. 3 mice, 1 Colecptera . Fl, 4 mice
26. 3 mice { 52. 1 mouse
27. 2 mice . , 53. 1 mouse
23, 2 mice 54, 2 mice

*Pallet numbers have no sequential significence, they are only for convenience.
A1l mice identified were elther Microtus pennsylvanicus modestus or M. namuis.




TABLE VIIX continued

55
56
5Te
58
59.
0.
61.
62.
3.
Elie
65
b
6T
684

1 mousse

1 mouse

2 mice

1 mouse

L mice

L; mice -

3 mice

1 mouse

%3 mice ‘
2 mice, considerable straw .
Ly mice

1 mouse

L; mice

2 mice

SPRING 1940

69

70,
71.
T2.
T3
The
T5e
~ T6e
TTe
78.
19
’ 80.
81l.
82.

ah.
85.

2 mice, 1 E_Lg&.e_zislm» straw,

parts of several wheat kernels

2 mice, wheat straw

1 mouse

1 mouse

2 mice, wheat straw

L; mice, 1 ant

2 mice

2 mice

5 mice

3 mice

32 mice

1 mouse

2 mice

2 mice, 1 ant, 2 bits of u.nd
. 1 mouse, 1 Aorididae

3 mice, 5 Noctuidae larvae
S mice

86+ 1 mouse
87. 1 mouse
88, 3 mice
89. 2 mice
Q0. 2 mice
9l. 1 mouse
92, 5 mice
93, 5 mice, 1 Coleoptera
dis 1 mouse
95, 2 mice, piece of wood % x 17
96e 2 mice
97. 3 mice, canine of small camivore
98. 2 mice
99, 2 mice, 3 Coleopters
100, 2 mice, mmerous small bird feathers

SUMMER 19,0
101. 3 mice, numerous seall bird feathers
102, 5 mice
103. L mice
104, L4 mice
105, 2 mice
106. 1 mouse -
107. 1 mouse, 6 &;g___g}gg_. 1 small feather
108, 2 mice, 5

109. 2 mice, 1 Qg;mﬂm

110, % mice
111, 4 mice
112, 5 mice

113, 1 mouse, Citellus richardsonld hair
11l;, only mouse hair -

115. 1 mouse
116. only mouse hsir

-15
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- TABLE VIII continued

117.

118.
119.
120,
121.

122,
123,
12,
125,
126,
127.
128,
129,
130,
131,
132,
133.
134,
135.
136,
137
138,
139
1,0.
11,
2.

U3,

- k.
5.

U7,

149,

mouse hair, Citellus richardsonii héir, ‘

one small feather

1 mouse, 1 Elateridae, 1 Scarabaeidae
1 mouse

1 mouse, 1 Silphidae

3 mice

1 mouse, 3 Coleoptera

1 mouse -

1 mouse, 2 Coleopters

2 mice = <~
only mouse hair

1 mouse

1 mouse, 1 Acrididae

1 mouse, 1 Xcrididee

6 mice, 1 Coleoptera, 1 Acrididae
1 mouse

1 mouse, 2 Coleoptera

1 Thom/omys telpoides, mouse hair
2 mice . ,
1 mouse

2 mice .

only mouse héir

1 mouse

2 mice

1 mouse

1 mouse

2 mice -

% mice

1 mouse, 1 Aorididao

1 mouse

1 mouse, 3 Acrididae

1 mouse

2 mice, 1 Coleoptera larva
1 mouse, 1 Acrididae =~

150.
- 151.
152,
153,
- 15L.

2 mice, 1 Aorididee

2 mioce

1 mouse, 1 Acrididse, 1 Coleoptera larva
1 mouse, 5 Acrididae ,

2 mice, 2 Acrididae.

- 1554 2 mice, 2 Kcrididae
156, (parts of 7T pellets) 7 mice
157. 2 mice, 1 Acrididse
FALL 19,0 ’
158. 1 mouse, 1 Coleoptera
1 mouse: 1l ﬂooﬁgaae larve, 1

159.

160.
161,
162,
163.
16,

Malloghaga, 1 head Scirpus
2 mice, 1 Coleoptera

2 mice, 1 Coleoptera larva
1 mouse, 1 Coccinellidae
only mouse hair

mouse hair, 1 Carabidee .

165+ 1 mouse, 2 Coleoptera

166, mouse fur, 1 Acrididae

167. 2 mice

1280 3 mice

169, 2 mice, 1 Coleo tera larve

170, mouse hairTl_xg;TaTdae

171, 1 mouse, 1 Acrididaeé .

172, 2 mice, 1 Acrididae

173. 2 mice, } Kerididae

174s 2 mice —_—

21750 2 mice
. 176+ 1 mouse, 1 Citellus richardsonii
177+ 2 mice ,

178. 1 mouse

179, 2 mice, 1 Acrididee, 10 seeds Helianthus,

.16 g sand

-2



- TABLE VIII continued

117.

118.
119,
120,
121,
122,
123,
12,
125,
126.
127.
128,
. 129,
130,
131,
122,
133,
134,
135.
136
137.
138,
139,
140,
1.
12,
143,

1s.

7.

149,

mouse hair, Citellus richardsonii hé.:lr,

one small feather

1 mouse, 1 E‘}ateridae, 1 Scarabaeidae

1 mouse

1 mouse, 1 S:llphidae
%2 mice

1 mouse, 3 Coleoptera
1 mouse -
1 mouse, 2 Coleoptera
2 mice ’

only mouse hair

1 mouse

1 mouse, 1 Acrididae

1 mouse, 1 Ecrididae

6 mice, 1 Coleoptera, 1 Acrididae
1 mouse

1 mouse, 2 Coleoptersa

1 Thom/omys-ﬁﬁxo,_ﬁ'e—s, mouse hair
2 mice N

1 mouse :

2 mice _

only mouse hair

1 mouse

2 mice

1 mouse

1 mouse

2 mice

2 mice

1 mouse, 1 Agriaidae

1 mouse -

1 mouse, 3 Acrididae

1 mouse \

2 mice, 1 Coleoptera larva
1 mouse, 1 Acrididae °

150. 2 mice, 1 Acrididae

- 151s 3 mice

152, 1 mouse, 1 Acrididse, 1 Coleoptera larva
153, 1 mouse, 5 Acrididae .
154 2 mice, 2 Acrididae

155, 2 mice, 2 Xcrididee,

156, (parts of T_SITR_) 7 mice

157. 2 mice, 1 Acrididae.

FALL 19,0

158, 1 mouse, 1 Coleo tera
159. 1l mouse, ‘1 Noctuidae larva, 1

!211222&5&» 1 head Soirpus
160. 2 mice, 1 Coleoptera

161, 2 mice, 1 Coleoptera larva
162, 1 mous;, 1 Coccinellidae
163, only mouse hair

14l;. mouse hair, 1 gg_z_'_g_lg_iﬁg_g
165. 1.mouse, 2 Coleoptera
166, mouse fur, 1 Acrididae
167. 2 mice -
128. 3 mice '

169, 2 mice, 1 Coleo tera larve
170. mouse hair',—I_Iz_r'i_deae
171. 1 mouse, 1 Acrididaeé

172, 2 mice, 1 Acrididae

173, 2 mice, }} Ecrididae
174. 2 mice

.11750 2 mice
. 176+ 1 mouse, 1 Citellus richardsonii

177. 2 mice

178. 1 mouse

179. 2 mice, 1 Acrididae, 10 seeds Heliaxrbhus,
.16 g sand ~

-25=



+TABLE VIII continued

180,

2 mice, 1 Acrididse

1810 2 mice

182,
183,
184,
185,
186.
187.
1€8,
189,
190,

2 mice

¥ mice

1 mouse

3 mice

2 mice '

2 mice

1 mouse

1 mouse :

2 mice, 2 Coleoptera, 1 Aorididae,

6 grains of oats

191, 2 mice

192,
193,
19%.
155.
196,

197,

1 mouse

3 mice

1 mouse, 1 small btird feather

2 mice

only mouse hair

1 mouse, several small bird feathers

108+ 1 mouse

199« 1 mouse

200 1 mouse, 1 Silphidae, 1 Carsbidae

201, 1 mouse

202, 2 mice

203+ 1 mouse

204+ 1 mouse, 1 Acrididae, 1 Sylphidae,
1 Coleoptera

2050. 3 ce

206+ 1 mouse

2070 2 mice

208, 3 mice '

209, 2 mice, 1 small bird feather

210, 1 mouse

211, 1 mouse, 1 Acrididae

212, 3 mice '

i



TABLE IX. Results of enalysis of owl pellets taken between October, 1939, and April, 1941,

FALL 1939
l, 3 mice
2+ 3 mice, 1 chokecherry pit
3¢ 5 mice ,
L. 1 mouse
5¢ 1 mouse, 1 small bird feather
6o 2 mice
7+ 1 mouse, 2 small birds
8¢ 3 mice ‘
9¢ 1 mouse

10¢ 3 mice

1le 2 mice

124 L} mice

130 3 mice

‘e 3 mce

15, I} mice, head of Compositae

160 2 mice ’

17+ 1 mouse : ‘ -

18. 1 mouse, 1.4 g sand, Elymus glumes

19+ 3 mice, 10 Acrididae, 1 Coleopters,
7 kernels of wheat _

20+ 2 mice

21, 2 mice, 5 Coleoptera, 2 Acrididae

24 2 mice (

23¢ 1 mouse, 2 Acrididae

 2ie 1 mouse

25¢ 3 mice

264 1 mouse

27+ 1 mouse, 2 Noctuidae larvae

28+ 2 mice, 2 Coleoptera, 1 Acrididae

29%e 3 mice : h
30e mouse hair Coleoptera grass glumes
3le 3 mice, 1 (’!oleoE era ’ .

WINTER 1939-40

22
33
3L,
35
36e
37
38,
79
. hOO
L.
L2,
L3,
Ly
Ls.
Lé.
L7.

L8,

L9.
50.
51.
52

1 mouse

1 mouse

1 mouse

2 mice, large amount of grass

1 mouse e
2 mice ‘ ’
1 mouse

2 mice

1 mouse

1 mouse, several small bird feathers

2 mice

1 mouse

o 2 mice

2 mice

1 mouse " %1
2 mice

1 mouse -

1 mouse, grass glumes

1 mouse

2 mice

1 mouse

SPRING 19,0

53¢

2 mice

o 1 mouse, 1 Sorex

55
56

5T

2 mice
1 mouse, 7 kernels of wheat, 1 stone

I mouse

584 L4 mice, straw

59 4

mice, piece of wood

60¢ 5 mice

6l

2 mice



TARLE IX continued

62, [ mice .
63. 5 mice : FALL 19%0
64, 2 mice N ' "91. 1 mouse, several small feathers
65. 3 mice ' 92, 5 mice :
66, 4 mice - . : ; 93. 1 partridge
67. 1 mouse : 94. 1 mouse
68, 2 mice 95. 1 mouse
69. 1 mouse ' 96. 1 mouse
70. 1 mouse , 97. 1 mouse
71. 1 mouse : g98. 5 mice
72. 6 mice, 2 Insecta ‘ 99. 1 mouse, 1 Acrididae
73, 1 mouse ‘ 100, 2 mice
74. 9 mice, 3 large Colccptera, 1 Diptera 101. 1 mouse
75. 1 mouse 102. 3 mice
76. 1 mouse , . 103. 2 mice
77. 1 nmouse : - ‘ 104, 3 mice, 1 Citellus richardsonii,
78, 3 mice ' :
79. 6 mice « VWINTZR 194C.l1
g0. U4 mice | ~ 105. 1 mouse
; : 106, 2 mice
SUMMER 1910 S ) 107. 1 mouse
8l. 1 mouse : ‘ 108, 3 mice
22, 2 mice. , 109. 2 mice
g3. 1 mouse , ' B 110. U mice
gi, 2 mice ‘ 111, 1 mouse
g85. 1 nouse, 1 imm, partridge } 112, 1 mouse
86, 1 mouse , 113. 3 mice
87. 1 mouse ' 114, 2 mice
88, 1 mouse ' 115. 1 mouse
g9, 1 mouse - 116, 1 mouse
90. 1 mouse



TARLT X. Results of analysis of other scats teken between Octobder, 1939 and April, 1941,

SKUNK
1. 5 mice
2, 3 mice

3. 1 mouse

4, 1 mouse

5. 1 mouse '

6. 1 mouse, 4 Acrididae, 2 Coleoptera

7. centirely Coleoptera, Acrididae

g€. entirely Coleoptera, Acrididae

9, 2 mice, much finely cut grass and straw

WEASEL
1. mouse hair
2. - mouse halr

mouse hair
mouse hair
mouse hair
nouse hair
mouse hair
mouse hair
mouse hsair
mouse halr
mouse helr
mouse heir
mouse hair
mouse halr
mouse halr
mouse hair

=95~



Areas

Name:
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