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INTRODUCTION
The Locomotive Springs Migratory Waterfowl Refuge,
located on the north shore of Great Salt Lake, Utsah, is a
state-owned area of sbout 12,000 acres. Six springs arise
from the desert floor and flbw south and south-east toward
Great Salt Lake. The refuge encompasses these springs and
their outflows. The area, while predominately vegetated by

the Sarcobatus-Atriplex type, has 1,200 acres of open water

and about 2,560 acres of marsh and streem-channel edges.

The area wes purchased by the State of Uteh in 193l with the
express purpose of providing waterfowl hunting for the
general public who could not afford to‘hunt on the privatelj—
owned duck clubs thet encompassed much of the better water-
fowl marsh areas of Great Salt Lake (Cook, 1932).

At the time of the purchese 1t was expected that the
muskrat harvest would pay for the operation of the project.
The annual harvest of muskrat pelts previous to state
acquisition averaged between 2,500 and 3,000 with & peak year
of 6,000.

Accordingly, the trapping rights were purchased for
2,600 dollars. However, since 193l, the area was trapped
only 7 out of 16 years and the combined tally of pelts was
only 2,129, This is & 95 percent reduction in yield on the
basis of the former minimum average of 2,500 per year.

During that 16 year period the refuge should have produced
at least 140,000 muskrat pelts.



| Granted an initial breeding stock the reason or reasons
for the apparent low muskrat productiveness of this area
would necessarily fell somewhere within the following cate-
gories:

l. It did not reproduce.

2. It did reproduce and this 1lncrease migrated from

the refuge or was decimated prior to harvest.

3. The harvest was inefficlent or dishonest.

L, A fédically reduced muskrat habitat resulted from

séate operatlon.

Not knowing wherein these categories the answer to the
problem of the reduced harvest lay, the writer decided upon
a general approach. Wwhile perhaps neceassry because of the
nature of the problem, this precluded intensive work on any
one phase. The author feels this lack strongly.

The method of procedure used, in part, was a nore or
less daily visitation to some part of the area. To accomplish
this the suthor and his family lived at the refuge house on
the Bar M.Spring from June 10, 1950, to September 16, 1950
and December 20, 1950 to March 18, 1951. In between and
subsequent to these periods, trips were made to the area to
give a complete one year cycle of observations. The study
was terminated by a relatively complete harvest of the muskrat

population.



HISTORY OF THE AREA

GEOLOGICAL -

The area now occupied by the refuge lies within tho
Basin and Range Province on the Plain of Great Salt Leke. It
occuples parts of wanships 10, 11 and 12N., Range Q and 10
W., Salt Lsake Meridian. It is a flat, low lying country of
lacustrine deposition that occurred whlle the area was
covered to a‘depth of 1,000 feet by lLake Bonneville in the
Pleistocene Period. It was submerged in both the Bonneville
and Provo Stages (Gilbert, 1890), Tertiary basaltic out-
croppings occur immediately to the north and north-west of
the refuge.

The refuge 1is apparently crossed by & fault line, and
the springs appear to rise slong this fault line. Thils topic
is treated more fully in the section on water levels.

HISTORICAL

No reference could be found as to the first white man
who visited these springs. The Stansbury Expedition (1852)
was probably the first to survey the north shore of Great
Salt Leke. This expedition made two circults of the lake--
one on horseback and one by boat--but apparently on neither
triﬁ dl1d they encounter these springs. This i1s regreteble
as his fine description of the country traversed would be
invaluable in ascertalning the original character of the areas.

The general area was then inhabited by Shoshohe Indiéns
and the remains of thelr camps were found near all potable

springs (Stansbury, 1852). The writer found several obsidisn



arrowheads and flint birdpoints between Bar M Spriég end
Sparks Spring, and, according to several reports, they were
previously much more vprevalent,

The subsequent history is guite sketchy. Cattle
ranching apparently began around the year 18585--the areas being
used as a winter range while the herds were summered nearby
An Ideaho, ‘Maréh hay was cut on all the lower spring reaches
with the possible exception of Sparks., The area continues
to the nresent day to be used as a cattle wintering range.

Another enterprise that was attempted on the ares was
the large scale ralsing of sugar beets with the help of
Japanesé labor. To accomplish this the springs were dammed
to raise the water to an extensive system of ditches with
the expectatlon that the spring water would leach out the
salts In the soil sufficiently to permit sugsr beets to be
grown. It was soon found out, however, that damming of the
sorings decreased the flow. Therefore the dams were opened
end a lerge pump was installed at Bar M Spring (figure 6).
It was only then discovered that the soring water itself was
too alkaline to effect the desired leaching, and the project
was sbandoned. The extensive ditch system still remains
visible at many places on the area.

In 1931 the Fish and Game Commission of the State of Utah,
under the commisslonership of Newell B. Cook, undertook the
negotlation for the improvement of the area for wéterfowl.
Two dlkes, canals, and some roads were put In subsequently
by P. W. A. funds. This topic ig more fully treated 1In the

section on water levels,



The National Airways later put in an emergency sair-
field. A radio~beam station and & beacon were installed.
The beam station was subsequently removed and in 1950 the

begscon service was discontinued.
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Figure 1. Map of Locomotive Springs Refuge, 1950(after M.
Nelsen).



DESCRIPTION OF AREA

Figure 1 portrays the layout of the nguge. Beginning
on the west the line of springs, in order, are ‘iest Locomo-
tive, Baker's, Bar li, Teal, Off, and Sparks. They all flow
in 8 general southernly direction. The area above the diked
impoundments is flat and here the spring runs assume a
streamlike character.

With the exception of Baker's, all the springs run into
either West or East Lake. These svoring flows, with the
excention of Sparks, continue below the dike-line. Below
Zast Lake they irmediately assume & marshlike character while
below West Lalte the streamlike character persists for over @
mile before changing into a marsh,

Baker's flows between the two lakes, It is on Baker's,
largely below the West Lake dike-line, that the cattlemen
grow marsh hay, and, to & large extent, winter their cattle.

The only trees on the area are those few transplanted
to tﬁe heads of Bar M and Baker's snrings. A few scattered
tamarisk appear to be invading the refuge.

Dirt roads connecting both dikes with Bar M Spring have
been made. County dirt roads to Snowville and Hansel Valley
interseect at Beker's Spring piving access to the populated
centers,

The only habitable dwellings occur on the heads of Bar M
and Baker's Springs. These dwellings are the property of the

State and cattlemen, respectively.



MUSKRAT EﬁVIRONMENT

An animal is never an 1solated entity. It can not be
separated from an environment. This environment conditions
the animal and in turn 1s conditioned itself by that animal,
Any study of animal populations must take their environment
into consideration,

An animal specles can be looked upon as simply é biotie
potential that is conditioned by its environment. Therefore,
In the study of a reduced biotic achievement, the environment
must recelve its due share of investigation. In & case such
as the present work, studies on the animel species 1tse1f
would only Indicate 1ts reaction to these environmental
pressures.,

The environmental needs of any animal species are food
and cover. Those environmental factors conditioning food
and cover that were investigated follow,

CLIMATE '

The climate of the Locomotive Springs aresa is more or
less typical of the large expanses of upland desert that lie
within the Great Basin. This desert is typified by sage

brush (Artemesia tridentata Nutt.) in the higher elevations

end greasewood (Sarcobatus vermiculatus (Hook.) Torr.) in
the lower reaches. ‘

The only avallable climatic data for the study aerea is
thet formerly kept &t Kelton which lies ten miles to the
north-west. The flat nature of the country should make this

data applicable to the refuge also. However, Kélton lies much



closer to the Raft River Mountains and, if anything, has nore

preclplitation than Locomotivq Springs. These data sre

glven in table 1, along with comparable data for the weather

stations at Corrine, Ogden, and Farmington. These latter

three stations should roughly cempere with the three state-

owned refuges at Public Shooting Grounds, Ogden Bay Bird

Refuge, and Farmington Bay, respectively.

Table 1. Climatic data revpresenting Locomotive Springs
(Kelton), Publie Shooting Grounds (Corrine),

Ogden Bay Bird Refuge (Ogden), and Farmington
Bay Bird Refuge (Farmington), Utah({anon. 19))1).

Avg, date Grow- Teniperature Annual

‘ k111ling frost ing Jan, July precip=-
Station sea- avg. avg., itation
last in first son op, O3, (inches)

spring 1in fall (days)

{elton May 26 Sept.22 119 22.2 2.2 7.04
Corrine May 1l Sept.30 139 2.3  T7h.9 13.88
Ogden May 6 Oect. 8 155 27.L 7.7 17.92
Farmington May 2 Oct., 6 157 28.L  74.5 20.21

This table shows thsat Locomotive Springs has only one-
half or less of the precipltation that occurs st the other
refuges. In no month does the average precipitation even
approach that of the other refuges. The average length of
the growing season betwseen frost-free days at Locomotive
Springs is 20 days shorter than at the Public Shootling Grounds
and 35 days shorter than at the other 2. The average temper-

ature difference 1s slight, being generally cooler.
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The prevaiiing winds of the ares are determined by the
proximity of Great Salt Lake--being on-~shore during the day
and off-shore &t night., The wind ettains a veloclty above
rfifty miles per hour at times,

The cattlemen report that the average snow cover on the
area 1s light with 2 maximum depth being about 6 inches on
the level. The‘winter of 1950-~51 was one of sbnormal snowfall
for the area reaching eighteen incﬁes on the level for a 10
day period--February 7th to 1lth. For this periocd the north
and north-west wind blew steadlly from 30 to L0 miles per
hour (as measured on the 37 mile per hour wind-sock at the
airfield) with the thermometer at zero 4 5°F. During this
period the bulk of the wintering waterfowl populaetion sought
the spring heads for protection from the wind., After the
wind subsided, the writer counted 23 dead ducks, mostly
mallards, around‘Off, Teal, and Bar M Springs. Other ducks
epparently were so weakened by the wind that they died
later. The muskrat population, on the other hand, being much
better protected apperently suffered no ill effects from the
prolonged wind.

30118 |

The refuge 1s located on the Plain of Great Sﬁlt Lake
(Gilbert, 1890) end the soll thereon is a slerozen which is
claasifled as Portneuf-Sagemore (Annon., 1938). It is
typified as a treeless, very slightly sloping lend tﬁat has

been derived from lascustrine clays and weathered basalt.

A sendy area exists south-east of Off Marsh. The rest
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of the area is clay in nature. In the marsh areas the clay
is mixed with humus, although not to any great depth.
Personnel of the Utah Cooperative Wlldlife Research
Unit (Jensen and Dargen Iin an undated, anonymous veper in the
Unit file) sampled the soil and water salinities on the re-
fuge in 1938, They found the soll of HEast Lake had solil
salinities ranging from 0.38 to 0.!d. percent, while West Lake
averaged slightly higher or 0.47 vercent. The salinity of
all water tested ranged from 0.37 to 0.49 percent.
The writer obtained soil samples from the rootstock
zone on various parts of the refuge. These were tested at
the Solls Leboratory at the Utah State Agricultural Collegse.
The results are tabulated in table 2.

Teble 2. Percent of solusble salts in soll samples from the
rootstock zone, Locomotive Springs Refuge, 1950-51.

Sample Collection Data Total solu-

No. able salts
(%)

1 Scirpus Olneyl, center Bar M Marsh 0. 35

2 Scirpus Olneyi, center Off Marsh - 0.38

3 Scirpus Olneyi, marsh, lower iWiest Locomotive 0.lL5

I Scirpus Olneyi, shore, West Lake 0.85

5 Scirpus paludosus, lower Bar M Marsh 1.08

6 Algae only, shore, Zast Lake ‘1,38

- Table 2 shows a general increase in alkalinity (1) from S.

Olneyl through S. psludosus to halophillic algse; (2) from the

springs downstream; and (3) from old chanmnels to lands inundated
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by the dikes. Due to the small number of samples, these
generalizations are merely indlcative.

Table 3., Sallinity and alkasllinity tolersnce ranges of various
aquatic plants. (McAtee, 193Q)

Species . 8odium Chloride Alkalinity
(%) (%)
3cirpus Olneyi 1.68--0.55 | —
Typha angustifolia 1,68--0.00 - ———
Tyoha latifolia 1.13--0.00 -
Distichlis spicata }.97-~0.55 —
Phregmites communis 2,0l--0.00 _——
Ruppia maritima - 7.73--0,04
Potamogeton pectinatus _——— 3.58-=0,03

The meximum salt end alkali tolerances of the plants
listed in table 3 are generally appreciably higher than the
‘alkalinity ranges in the water areas of the refuge that have
been tested. It would eppear that the percent of total
alkaiinity, in‘and of 1tself, was not a limiting factor in
plant distribution, although, apparently, the vercent of
alkalinity is correlated with the species distribution.

The pH of the soill in the}center of the Bar I Marsh was
7.8. The salinity of the water of the Bar M Spring was .51
percent for March 16, 1951,
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WATER LEVELS

Introduction e

The adverse effects of fluctmatipg-mé%er levels on

aquatic life have been describéd vy many~¢orkers (Bellrosae

and- Low, 1943; Lay and o'Neal,:lquzj wiebe, 19li6; Anon.,
1932, et 8l.). Maximum muskrat.;roductivity is attainable
only under 3table water levels, Wherever the water level
varies from this mean the productivity is reduced (Errington,
1948). The muskrat population is affected both directly and
indirectly by this variation. Flooding causes considerable
drowning especlally in young muskrats under 10 days old (Zrring-
ton, 1937). In addition the population is forced into less
space where 6vércrowding occurs with its resultant 1increase
in intraspecific s?rife, susceptibility to disease, predation
and reduced food supplies., Young muskrats that escape from
Tlooded dens are very susceptible to adverse environmental
factors suéh as raein (Errington, 1937).

The Uteh Cooperative Wildlife Research Unit's file con-
talned several reports by trappers who had viewsed the study
area in regards to the cause of the muskrat reduction. Al-
though several diverse opinions were expressed, one theme
was common to all of them -- namely, water levels. With these
thoughts in mind, a rather intensive study of the water flow
of the area was made,

Natural Flow

The entire source of water for the refuge 1s dérived

from the flow of 6 springs and precipitation. The latter

factor is of minor importance In this desert region of low

145950



rainfall and high evaporation rate.

The 6 springs lie roughly on a line running east to
ﬁest. One report supposed that these springs arose from
the edge of a bassltic lava cap. In this writerts opinion,
‘hcwever, 1t would seem more logicel that they srise along .

& fault 1llne, of which more will be said later.

All of the springs arise In roughly cirecular bowls and
flow southernly. The Baker's and Bar M Springs are the
largest while the other l. are smaller and Appear to be roughly
comperable in size, The temperature of the weter as it leaves
the ground averages between 58 and 78°F. the year around.

Apparently there are no records of the volume flow for
these springs prior to state acquisition of the area. Car-
venter (1913) in his ground water survey of Box Elder County
made none, nor mentioned any previous measurements. His
only comment was that the weter from Locomotive Springs was
undesirable for &rinking.% The Central Pacific Rallroad had
taken no measurements either,

The first aveilable recordings of the spring flows were
made In 1939 (table li.). An undated listing of the
measursments used in the cértification of water diversion was
probably made earlier,lbut this is not certain., The types of
measurement used were not recorded, but the note added
that the type used by Mr., Griffiths would probably yield
lergar totals than that used by Mr. Morgsn (table }).

FPersonal letter to writer (rom F. L. Raibough, Superintendent,
Southern Pacific Company, Ogden, Utah, deted April 13, 1951,
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Table 1. Recorded measurements of spring flows at Locomotive
Springs Refuge (in cubic feet per second).

Springs+
Bar M Teal ofrf Sparks Total

W. He Griffiths ‘

July 20, 1939 1h.9 ——— 2.3 2.28 19.2
&4 R. Morgsn

Marech 2L, 1939 10.33 2.8 2.27 2.49 16,89
Average 12.0 2.8 2.3 2.k 19.5
Measurements used

in certification
of water dlversion '

(no date) 15.3 2.8 2.3 2.5 22.9
R. A. leCullough

August 27, 1950 -—— -—- 1.1 0.78 -——-
R. A. MecCullough -—- -——- 0.9 - -—-

March 1l, 1951

#No measurements recorded for West Locomotive or Baker's
Springs.

Several notations were found estimating the total flow of

all springs at from 35 to 0 cubic feet per second. A cryptic
notation was found sfating that "the 'three springs' were
listed in 1931 at 25.9 second feet." What 3 springs comprised
the "three springs" is unknown. If one assumes that these
three are West Locomotive, Beker's and Bar M (the size of the
flow and the geographical location would indicate this) then
the total measured flow would be near 33.5 cubic feet per
second. On an area where over 100,000 dollars have been

spent on water structures and where water is of the utmost
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importance, it is quite surprisl ng that only fragmentary

and erratic measurements have been made.

All of the applie-

able notations perused coincided in the opinion that the

total volume of flow fluctusted very little during the year

or yes8rs,

Table 5. Average flow of water over spillboxes in cubile
feet per second on the Locomotive Springs Refuge

1950-51.
Location May=-July July-Aug. Aug.-Sept, Oct.-May
Springs
West Loco. 2.5 9.9 0.7 17(1)
Baker's(2) 9,8 0.0 17.5 0.2
Bar M 5.0(3) 7.5(3) 0.5(3) 1.0(3)
Total 17.3 17.h 18.7 18.2
Dikes |
West Loco. 3.l 8.7 1.8 12.0
Bar M 5.6 7.7 L2 Lel
Tesl ol 7.2(0) 3.8 5.2
orf 1.5 L0 2.3 5.kt
ggfiﬁ giﬁgs 2h.7 2l.6 29.1 26.9

l. Approximate~-no drop.

2. DBaker's

change dates (1950)
July 24 -~ off
Sept.ll ~- on
Oct, 5 -- off

i. Plus considerable seepage

. Cleared day previous--probably high
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The nature of the West Locomotive, Baker's and Bar M
complex is such that 1ndiv1dua1 measurement of these springs
oroved impossible--seepage even precluding the possibillty
of an accurate total, Table 5 shows that the average measured
total for these three springs was between 3eventeen and
eighteen cubic feet per second. Too many assumptions are made
here though to draw any concrete conclusions as to this
reduction in flow. However, evidence from other sources tend
to support this finding. Table 5 shows that the total flow
for all 6 springs as measured on the dike spillways averaged
between 25 and 27 cubic feet per second. The evaporation
factor would intervene between this total and the spring flow
total, but it would probably not be of the magnitude to
account for the 10 cuble fesot ﬁer second discrepancy between
‘the 1950 measurements and the 1931 and 1939 figures,

Further support for'the hypothesls of reduced spring flow
was found when the writer erected weirs on Off and Sparks
Springs. While these welrs were of a temporary nature, they
did show the total flow at the time. Using the average of
the 1939 measurements these springs showed a reduction of 52,2
percent for Off and 66.6 percent for Sparks (figures 8 and 9),
No reason can be advanced at thls time for the differential
reduction. As the summer of 1950 was comparatively dry, it
was thought that these measurements may have been unrepresent-
ative because of the general drought., Therefore, &after the
spring run-off had subsided (March 1li, 1951), the ﬁeir at
Off was reconstructed and the flow again measured. Instead

of being higher in this period when the water table
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appareﬁtly should be highest, it showed a further reduction
of 0.2 cublc feet per second. All water measurements used in
the study were derived from the tebles in Christiansen (19L7).

These measurements are nothing more than indicators.
They need considerable amplification over a longer period of
time. Iowever they do indicate that the flow 1s not constant
and that there has been a general redﬁction in total flow
for the area. Thls reduction may be in the neighborhood of
28 percent in 10 years. Thils reduced flow is‘serious in view
of the water requirements of muskrats snd waterfowl. Although
there 1is pﬁobably l1ittle that can be done about 1t, it should
be known more exactly and the reduction compensated for as
far as possible by efficlent water manipulation.

On this general toplc, the belief by the writer that
these springs arlse through a fault in a lava bed rather
than from along the edge of 1t is considered to be important.
At Monument Point, five mlles east of the Bar I Spring, a
series of circular snrings ariase. Thesé waters contain 11
percent total solids, mostly sodium chloride. It is the
general consensus of opinion of people on the area that orior
to 193l these springs were dry holes. On HMarch 2, i93h,
there were several severe earthquakes on e fault line that
runs from Hensel Velley through lonument Point and toward, 1if
not through, the Locomotive Springs Refuge and on to Kelton.

' The severity of these shocks is shown by the rating they

received of 8 plus on the modified Mercalll intensity scale
(Williams, 19..8). The vertical displacement was from 2 to

20 inches with the down-throw to the east, Little exact data
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could be found as to the effect of this faulting upon the
soring flows. However, it appears that the dry holes at
Monument Point began to flow at this time; a slow flowing
well at Kosmo (east of Monument Foint) became artesian in
nature for a while and then slackened; and the flow of the
wells at Kelton (10 miles west of the refuge) were greatly
increased. Baily™® told the writer that when he visited the
region immediately after the sarthquakes he noticed that a
number of large springs hed come Intp existence and that the
Locomotive Springs greatly increased in flow for a period of
time. However, agein no measurements were made.

It would eppear that this fault 1s a likely susvect in
the reductlon of soring flow. The future water suprly to
this area is thus largely in doubt, especlally as this fault
1s quite ective having contributed 1l oeut of 123 or, 11.3
percent, of all recorded earthquakes with rateable inteﬁsities
in Utah (Williams, 1918).

The effect of these natural fluctuations in volume flow
upon the rmuskrat end its environment can only be conjectured,
However, a 28 percent reduction in the water avallable for
the muskrat habitat would surely result In a reduction of
thet habitat.

Weter Manipulstion

Aside from thess natural fluctuastions the manipulaéion

of the water on the area called for intenslive study. Although

hard to follow, the pettern before state acquisition eppeared

#Personal letter to writer from Mr. Reed Baily, Director of
the Intermountain Forest and Renge Experiment Station, Ogden,
Utah, dated April 13, 1951,
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to be thusly: A number of ditches were dug throughout the
marshes and low spreader-dams were used on the spring runs

to water the lower areas. The frontisplece, reducsd from &
cover map drawn in 1929, shows these water courses and the
marsh areas assoclated with them, At that timé (1929) hay
was belng cut only on the Baker's and Teal Marshes. How-
ever, at one time or another to judge from the abandoned
stackyard fences (figure 16), hay was cut on all the lower
marshes except 3Sparks. Prbbably these hayflelds were watered
during the growing season and then drained to permit the

use of haying equipment. Much the same procedure is in use
today, Although actual proof could not be obtained, it
appeared that the draining of these heayflelds was of a local
nature and not on the more or less grand scale that occurs
today., Local water diversion would not have a major conse-
quence to the muskrat population a&s a whole. It would affiect
only small groups and these, 1if forced tn move, could largely
be absorbed by the unaffected surrounding areas,

It would eppear then that the water manipulatlon prior
to state acquisition was not a major adverse factor in muskrat
ecology.

In 193l the State of Utah erected 2 east-west dikes
to form Zast sand West Lekes. The East Lake dike was thrown
across the flows of Bar M, Teal and Off Springs. The flow
of Sparks Spring was diverted into this leske. Three spill-
ways were installed. The West Lake dike was thrown across
the spring run of West Lncomotive and again 3 spillways were

installed. The east spillway led to a diteh, the center
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spillﬁay to the former West Locomotive channel and the west
spillway to a new overflow outlet to Spring Bey., Baker's
flowed as before, between the two lskes (figure 1).

Also 1n 193h a diverslon canal was constructed connect-
ing West Locomotive, Baker's and Bar M Springs. A splllbox
was installed on each spring, This arrangement allowed the
total flow of all three of these springs to be spilled to any
one, or itwo, or s8ll three of thé respective stream channels,

The key to the water manipulation pattar& on the ares
lies with the Baker's Spillbox. It is over this spillbox
that water for the irrigation of the hayland on Baker's is
regulatedt

The general pattern 1s thus: From October to May there
1s & minimum of water spllled. In fact there is only enough
to water their cattle at a point midway on the length of the
stream. In May, generally, after the céttle have been moved
to the summer range about 10 cuble feet per second is spllled
to water the lower hay land. This flow econtinues until the
latter vart of July when the flow 1is stopped entirely to
allow the marsh to dry out for the cutting and stacking of
hay (figure 2). Usually 1 month later, the water is again
spilled down Beker's, only this time the volume is between 17
and 13 cubic feet per second. This reportedly is in order to
"water some far knolls" (figure 3). This high flow continues
until the first part of October when 1t is again shut off for
the winter except for the atock watering.

Thus on Baker's there 1z a winter low, & summer high, s

late summer low, a fall very high, and a winter low. This

ST T T T R s Y
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pattern designates Baker's as a very fluctuating stream.
This fluctuating nature precludes any large muskrat popula-
tion on the hayfield aresa. Soﬁa do manage to exist on the
deeper channel above the dike line which does not go entirely
dry. It 1s oulte apparent that-this general marsh draining
has & greater environmental effect upon the muskrat popu-
lation of Baker's than did the local diversion formerly in
use.

This irrigetion is not for the production of hay &lone,
of which approximately 100 tons were cut in 1950, but also
for the watering of the entire lower Baker's Marsh for winter

grazing. The hay itself is a mixture of Typha, 3cirpus,

Carex and Eleocharis and is cut along the stream and ditch-

banks where the growth is lush. Figure 26 shows the spotty
nature of this haying in 1950, A4s far as could be ascertained,
the above 1s the general pettern of water manipulation over
the Baker's Spiilbox since 193L. In former years the dates
may have varied somewhat a3 there are no set dates for the
flow changes.

A rainy haying season well might slter the vattern, i.e.
lengthen the summer dry period and rendsr unnecessary the
following very high flow.

It is evident that due to these fluctuatlons the Baker's
liarsh can very largely be discounted as a muskrat producing
area, This in itself msey not be too great a vrice to pay
for the use of the rest of the area for muskrat and water-
fowl propagation. The entire Baker's ares could be erased

from trapping and the remainder of the area mlght logically



produce more than 2,500 muskrats annually.

The effect of the fluctustion on Baker's, however, 1s
not confined to that stresm. On the contrary the effects
&re feit over the entire refuge. The general pnattern of the
rest of the area is the converse of the Baker's pattern--
nanely, high in the winter, low in the summer, high in the
late summer, very low In the laste fall and high again during
the winter.

Table 5 gives the measurements of the water released
over the apillways during each period for 1G50. From data
in this table it 1is evidemt that the entire refuge, with the
excoption of the Sperks and Off Spring runs (Teal 3pring
run beling more or less flooded) has been changed from a
relatively stable weter level area to one of a seml-stable
or fluctuating nature,

Because of the relastively high 1950-51 harvest of pelts
(1,766), it 1s not readily apparent that this degree of
fluctuation (table 5} 13 materially detrimental to the
muskrat vopuletion. Nevertheless several factors lend weight
to the hypothesis that this fluctuation is a major if not
the crucial factor in the muskrat reduction.

The cattlemen do not measure the water that they turn
down Baker's, They keep pulling out boards until "it looks
right.” If in May at the 10 cublc feet per second setting
1t "did not look right", they would take out another 6 inch
plank and probably take 13 instead of 10 cublc feet per
second. Support to this is found in the fact that a con-

siderable head of water is held behind the West Locomotive,
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Baker's, and Bar M Springs complex. This head requires more
than one day to be equalized through the cenals. The
cattlemen visit the area only long enough to pull out boards
and do not wait to see what the equalized or terminal flow
"looks like." They see only the head and admittedly that is
difficult to Jjudge. In &ddition there is no resson to
belleve that the 10 cublc feet ver second setting for Nay-
July, 1950, 1s an intrinsicaelly desired setting. It may well
be that 13 or even 17 cuble feet per second is closer to the
previous normal. As no measurements were recorded it is
doubtful as to whether this will ever be known. What has
been sald here concerning the 10 cubic feet per second setting
perhaps is even more spplicable to the 17 cubic feet per
second setting in August and September.

A minor note on fhis concerns the low (0.5 cubic foot
per second) setting for August and Septembsr, 1950, on the
Bar ¥ Spring spillbox (table S5). Considereble seepage now
occurs at this spillway whlch cennot be measured. However,
during the low water verliods, this seevage contributes
greatly to the msintenance of East Lake. In all probability
when the spillway was new this seepage epovroached zero. If
then the flow down the Bar ¥ Spring run was only 0.5 cubiec
foot per second then the entire area below the East Lake
dike would be in a drought or near-drought condltion.

Table 5 also shows a marked winter increase of flow
down West Locomotlve asmounting to about 17 gmuble feet per
second, This resulted from boards having been pulled from

the West Locomotive Svring spillbox in October by an_unknown
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person or persons. The genefal opinion is that duck hunters,
wenting more water in the marshes south of West Lake, pulled
them. They remained in that setting s11 winter,

Wlest Locomotive shoﬁs the most fluctuation of any of
the stresms on the area other than Baker's.

Reports, mostly from conversation with different parties,
showed that the water level of West Locomotive, both above
and below West Lake has fluctuated strongly since 193, One
state employee several years ago was reported on at lesast
two occasions to have pulled the boards out of the spillway
on West Locomotive 3Sorings in the winter after the ice had
formed, That this would have an adverse effect‘upon the
muskrat populastion is obvious. The percent of loss in such
a situation would be very high. In addition 1t would also
be felt on the entire Fast Lake area, lowering the water there
perhaps even to the point of extensive freezeouts.

The cattlemen formerly drained West Lake 1n the winter,
They would drain it through the west spillway thus stranding
. the entire pooulation of Wesat Locomotive below the dikes. 4
note in the Utah Cooperative Wildlife Research Unit'as file
states thet irrigation on Baker's in the summer of 1942
entirely dried up West Lake and the dependent West Locomotive
Slough below it,

The winter of 1950-51 saw & new feature not hitherto .
practiced on the area., At the request of-the cattlemen,
because 13 head of cattle drowned In the barrow plt of East
Lave during the 2 winters of 1948-L9 end 1949-50, the lake

was dralned in the latter part cof November, Ilmmediately after
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the close of the waterfowl hunting season. Although complete
drainage was contemplated, 1t was found that silting in front
of the spillways had progressed to the voint where a draw-
down of only 10 inches could be effected. While apparently
this drawdown did not heve any adverse effect on the lower
marshes, the drasw-down being completed in steps, 1t did
strand the muskrat population inhabiting the north shores

of Fast Lake (figure 17). While stranding the muskrats, it
did not accomplish the originsl purpose. aAlthough no cattle
drowned in the lake during the winter of 1950-51, this did
not result from the lake drawdown as the barrow-pits remained
lethal 1in depth (figure 2WL),

It is guite obvious that there has been an unplanned
"policy of water use on the area. It appeared to be the
general concensus of opinion'of local resldents that the
cattlemen were entitled to the entire flow of all the springs
during the Irrigation period. The original contract signed
in 193Li, however, appears to state otherwise. 'The appertain-
ing sections follow:

WHEREAS, the first parties (State of Utah) are desirous

of granting to second parties {cattlemen) the right

eand orivilege of grazing thelr horses and cattle on

the above described lands owned by the first partiles,

in exchange....for the right to propogate muskrats

on all the second parties lends....togethsr with all

waters arising on or underlying sald lands, for the

purpose of creating a bird refuge, game senctuary,
muskret farm, public shooting ground, and for the
propogation of fish.

In consideration thereof {grazing rights),

second parties hereby grant unto the firat parties

the right snd privilege to use that part of the said

lands owngd by seoconsd vparties,..,.all water arising

upon or underlying said lands, for the purpose of
creating a bird refuge, geme sanctuary, muskrat farm,




public shooting ground, and the propogation of fish,
eand HZREBY GIVES AND GRANTS to first partles the
right end privilege to flood, dike, and dam any part
of sald lands, sloughs or springs....

The saild spillways and headgate (four including
the splllway on Baker's) shall be so constructed &nd
operated that the water impounded behind said dikes
shall not be lowered or ralsed to such an extent that
the fish, wild fowl, or muskrats, or their propoga-
tion shall be endangered, and, at the same time, the
parties hereto shell permit as much water to go over
saild spillways as can be reasonsbly done, having due
regard for the protection of the wild fowl, fish,
and muskrats sbove mentioned....In addition to the
weter and water rights owned by the first parties in
whet 1s commonly known as Locomotive Springs, IT I3
AGREED that first partlies shall have the exclusive
right to the use ol the water from Weat Locomotive
Springs during the entire vear, save and except
such times as sald water may be needed by second
partles for the irrigation of their hay lands and for
the watering of thelr Livestock.w

IT IS MUTUALLY [ UNDERSTOOD AND AGHEED that this
sgresment shall be In full force and effect for a
period of fifty years from date hereof and all
rights herein granted shall continue during said
time.

IT IS FURTHER WMUTUALLY AGREED that the partles
hersto shall, at sll times, work for the best interest
of each other, and that first vearties wlll use their
best efforts to protect the horses and cattle grazed
by the second partles upon sald lands, and that second
parties will use and exercise thelr best judgment and
efforts to protect the first parties! interest, in-
cluding game of every kind....(copy in Utah Cooperative
Wildlife Research Unit file--dated January 8, 193L)

As the writer interprets thilas contract, it was designed
to expressly prohibit the type of water level manlipulation
that now occurs on the area. The present water level
manipulation is patently of the extent that the muskrats,
willd fowl and thelr propagation are sndangered. The common
misunderstanding of the water rights on the area 1is belleved

to have arisen from a misinterpretetion of the italicized

% Italics are the suthor's, o ‘ :

~



clause, The current concent would follow if the name West

Locomotive Springs were read instead as Locomotive Springs,

It would gppear then that there are no legal impediments

to stebilizing the water levels.

Effect Upon Vegetation

‘ Bellrose and Brown {(19l1) believe that the direct effect
of water levels is more determining in muskrat densities than
the indirect effect of these varlations upon vegetation types.
* However, the combination of the two would be even nore
determining than elther acting alone.

Many workers have reported that cattall (Typha latifolia

L.) is the number 1 muskrat food, Bellrose and Brown (19l1)
report that while cattall constituted only 0.2 percent of
thelr study area, it had the highest number of houses per
acre. Irrington (19!,8) reports thsat the highest muskrat
densities were found in cettail. Hodgson (1930) also reports
cattall to be the most preferred muskrat food.

John Anderson (in conversation) stated that fully 80
percent of the “lower Bar M Marsh originelly was vegetated
with cattaill. Cattail was also fepérted prevalent on the
Baker's and West Locomotive Marshes,

At the time of the study period only a few scattered

small patches of Typhe latifolial L. wers to be found on the

Bar M Marsh, These were scattered through the dominant

Olneyl's bullrush (Scripus Olneyi A, Gray). These patches

cof cettail would comprise not more than 3 acres (figure 22),
The sharp decrease in this important muskrat food is

definlitely associsted with the water level meanipulsation.



The replacemant of the cattail by Olneyits bullrush
reduces the potential value of the marsh as a muskrat
hebitat. The exact cause of the differenca is not fully

known. Dozier{(l?hS) found that the protsin content of T.

angustifolia L. and S. Olneyi wers roughly the seme (5.03
percent and |, 2]y percent) and postulated that the great.
difference in size between muskrats ralsed on cattail and
those raised oﬁ bullrush was in the fact thet the former puts
out a number of tender green shoots in ths fall and these
remain avallable under the 1lce through the winter furnishing
excellent muskrat food. Olneyi's bullrush on the other hand
does not have these shoots.

More evident however'is the causs of the replacsment
of the cattall by the bullrush. Large tracts of cattall
grow along the ditches and streams of Baker's Marsh. This
area gets a good supnly of water through the growlng season,
whereas the Ber M Marsh has no dependable source of water
for this veriod, Two growing seasons wherein the mersh 1s
dried out would probably k11l the cattalls, especlally if
later exposed to flooding, Roundstem bullrush (S. acutus
Muhl.) forms lush growths on Baker's but is not found on Bar
¥ Marsh,

A notation in the Utah Cooperative Wildlife Research
Unit file states that unit personnel In 1938 (Jenson and
Dargen) found West Lake to be the highest producing body of
water In thé state. Aquatic vegetation reached & density of
3,80 pounds (dry weight) per acre in West Lake and 1,180

pounds per acre Iin BRast Lake., Although no gquadrants were
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measured in 1950, it was very evident that Weat Lake wes no
longer as high a producer as formerly. The contrast betwsen
former and presenﬁ yield is nowhere better observed then at
the west spillway. Here, in what the writer termed West Pond,
1s the only wholely stable water area, during the growing
‘season, on the entire refuge. The growth of submerged veg-

itetion (Ruppia maritims L. and Potsmogeton pectinatus L.)

i1s rank, covering the entire bottom. Just the width of a
dike away, the near-barren bottom of West Lake is mute
evlidence of the adverse effect of fluctuating waeter upon
aquatic vegetation. Sparse stands of muskgrass (QEEBE Spp. )
here and there are all that remain, Xlsewhere on the lake

a few scattered clumps of widgeongrass (R. meritima L.)
exlst, but the whole lake gives one the impression of barren-
ness. bkast Lake, while not as barren, probably is reduced
from the 1938 yield. During the 1950 study the West Lake
water level dropped 6 inches in 11 days. While this amount
of fluctuastion may not seem large, on this shallow lake with
its shelving bottom, a 6 inch drop reduces the surface ares
by one-half,

Low and Peterson (field note) éurveyed the study srea
in Hovember, 19lLl:, and reported that the bullrush was dead
and dying on the spring runs as a result of excessive water
level fluctustion during the growing sesson. This condition
even existed on the spring run of Bsaker's,

The cover maps made in 191 show very little marsh

vegetation growing on the then newly inundated north shore
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of EBast Lake. At the time of the present study, however,

8 line of alkali bullrush (Scirpus palusosus A, Nels,)

ploneers was fringing the shore with a depth varying from a
few feet té 100 feet. They were never far from thg shore
and by their more or less stunted growth Indicated that the
soll was quite’close to their upper alkalinity tolerance.
Nevertheless this fringing growth supported a moderate
muskrat populétion until the winter drawdown of water forced
them to movs.

It is evident from the comparison of tables L end 5
that an accurate reapportionment of water to the marshes
below Zast Lake has not been accomplished. 4As a result
there has been & general increass in flow to Off and Teal
Mershes and a general decrease to the Bar ¥ Marsh, Because
of the ditch-like nature of Teal Marsh, plant successional
changes are difficult to determine, but Off larsh exhibits
1t strikingly. The 1941 cover map showed Off Marsh as &
vegetated Bcapula-shaped area lying between two barren salt
flets., Three-quarters of this area was in salt grass

(Distichlis spicata (Torr.) Rydb.) and the rdmainder in

bullirush (Seirpus olneyi and S. paludosus). During the 1950

study 1t was found that 90 percent of the former salt grass
srea had been revegetated by bullrush. The leeaching effect
of the Increased flow has allowed the 5. pasludosus to pioneer
far lakeward until minute plants, barely 3 inches tall, mark
the point of lethal alkalinity.




HUSKRAT POPULATION CHARACTERISTICS

SPECIZS

When the vresent study begsn it wes assumed that the

race of muskrats on the area wes Ondatra zibethicus

0soyoosensis Lord, as thet race is the typleal muskrat of

the eastern Great Basin (Anthony, 1928; Marshall, 1937).

Consequently the skulls of only an adult femals and an adult
male were collected, prepared end sent to the U. S. Flsh and
Willdlife Sevrvice for classification. They reported, however,

that the skulls more closely resembled 0. z. zibethica L.

than any other race. The normal range of 0. z. zlbethica is

in the eastern part of the U. S. and Csnsda.

The cettlemen t&ld the writer that El11 Anderson had
transplanted some muskrats to the study area, Further
inquiry reveasled thst arcund 1920‘Mr. Anderson had imported
an unknown number of "black muskrats" from Cunade. lost of
these were released in Salt Greek near Thatcher, Utah, while
the rest were reoleased at Locomotive Springs. In 1923 he
transplanted between 500 end 600 muskrats from the Salt
Creek marshes to Locomotive snrings. He could detect no
resultant difference in size or color due to elther trans-
planting.

The reason for the trensplanting in the first place was
to increase the size and color--since the Locomotive Springs
muskrats were both smeller and lighter in color than the
imported "black muskrats,"

Until a larger series of skulls are examined, the exact
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classification of this population must remain in doubt. The
evidence indicates, however, that a difference in genetle
pattern does exist,

The particular race of muskrats at Locomotive Springs
was found to have sbberant pelage character. This character
consiated of the replacemsnt of dorsal areas of underfur by
a more or less flimsy white or "cotton" underpelage. The .
areg involved varied with the 1ndividua1 but typlcally it
consisted of palred dorso-lateral, roughly circular to oval
areas in the lumbar region comprising sn average erea for
each section of about 15 square centimeters, This genetlcal-
_ ly associated defect, while not obvious on an e&nimal whose
fur is dry, is readiljrseen by blowing the covering guard
hairs back. 1In a drowned animal 1t i1s reedily eappsarent
because the guard hairs are matted together and the sides of
the muskrat look white, It appears to be similar to a condi-
tion that sometimes occurs in mink pelts. These abberant
rnink pelts are termed "cotton." However, in mink the cotton
area 1s of grester extent--often comprising the entire under-
fur in the sPecimens which the writer has collected. Cotton
mink lose two-thirds of thelr value due to the addéd dye
process needed. .

The muskrat pelts from the western United States are
used by the fur trade mainly in natursal pelagé styles. 1In
natural pelage garments, pelts are matched &s to size and
color, and thus no dyeing 1s required. The presence of these

white aresas, especlially as they occur on ths dorsal surface
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would neceassitate a dyeing process, This would grestly
decrease the value of the pelts from the study area.

Bachrach (1949) states that there is no morphologicsl dif-
ference between ths white and the natural colored underfur in
mink except in nigment quantity. The defect in the muskrat
st Locomotiﬁé Springs, however, appears;to involve more then
a plgment difference. The white areas appear flimsy and
weak-flbered. When the fur 18 wetted the white areas require
twice 83 long to dry as does the normal gray underpelage. If
this observation 18 verified it would mean that these whilte
areas would have to be cut out of the pelt. This would in
effect mae 92.3 vercent (s3ee below) of the pelts classify

as damaged,

No previous reference could be found referring to this
condition in the muskrat. A total of L57 muskrats were
checked for this condition and it was found in 92.3 percent
of them. A less severe form--a& distinct light gray color of
smaller extent, was found in 6.2 vercent while only 1.5
percent were completely free of it in field inspectlon.

In discussing this matter with Dr. E. J. Gardner
(geneticist, U. S. A. C.), he brpught out that the high
percentage of occurrance {(92.3 nercent) would indicate a
dominant factor. PFor an introduced dominant allele or
doninant mutation (apparently with no survival value) to be-
come so wldespread throughout a population would necessitate
hundres of gsnerations (years in mus!'rats). The fact that

this quality has not hitherto been reported in the several
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reports concerning nelt size and quality of the Locomotlve
Springs muskrat would Indicete that it is of more recent
appearance.

An explanatlon resolving this conflict appears if one
hyrothesizes thst environmental factors at some not too
distant date reduced the population to & few breeding peirs.
If the gquality in question was onresent then, 1t would be
radisted out with the population build-up.

A supplementery genetlc condltion, the -occurrance or
non-occurence of a white tip on the tall, was checked on 153
rmaskrats. The white tip appesars to be accumulﬁtive——running
from 2 rmuskrats with 1t extending cephally for over 5 cm.
with all intergrades between to the apvearance of a single
white halr on the tip of the tail. Those with any white
hairs on the tall were classified in one group and those with-
out white hairs in another. The ratio of white tip to
normal was 100:8li,3, This character is not confined to the
refuge as the wrliter has noticed 1t in muskrats from several
widely separated areas in Utah. To the writer's knowledge,
however, this is the f{irst guantitative work on this genetic

charecter.,

TRAPPING IISTORY

Harvests Prior to 193l

The former muskrat productivity on Locomotive Svrings
was investigated by interviews with lr. John &. aAnderson,
Thatcher, and Mr. Lyle Anderson, Logan. These men had both

trapped muskrats on the area with thelr brother Z1i, HMr.
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Al Joadason had trapped the area vrevious to the Andersons.
John Anderson did not remember what Joadason's catch had
been. El1 Anderson started trapping on Locomotlive Springs
around 191i.. John spring trapped 2,500 muskrats there in
1915, and was of the opinion that 2,500 muskrats would be ean
everage minimum harvest for the area. Mnst of the muskrats
were trapped on the West Locomotive, Baker's, and Bar M
Marshes. The other three springs, Teal, Off, eand Sparks
proc¢uced relatively few muskrats. This harvest of 2,500 to
3,000 continued more or less to either 192k or 1925 in which
year they harvested over 6,000 muskrats. They then declded
to let the population stockplle and did not trap the follow-
ing season. In the fall of 1926 or 1927 (the yeer following)
a fell observation showed "muskrats all over the place. On
the Baker's head in the evening they were like coots--they
were so thick." But during the winter they dled off---"dead
rats were sverywhere." That spring's catch was only a few
hundred. John estimated that the fall popﬁlation that season
was between 8,000 and 10,000 muskrats. Thié‘wés‘the only
die~off 1in muskrets observed by these ﬁen_although the black-
tailed jeckrabbit population of the same valley had recurrent
die-offs,

Predation was probably high in thoss days; Anderson
reported that "many coyotes" lived upon the area., MNr, Virgil
Weldman reported that Ell Anderson trapped li,000 muskrats in
1931 and 2,800 in 1932. Thus it may be assumed that the “
ennusl harvest before state acquisition of the area was 2,500

muskrats or more.
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Teble 6. HMuskrat harvests subsequent to.state acquisition,
Locomotive Springs Refuge, 193l-51.

irea 193h 1941 19h2  19h3¥ 19hh  19h9 1950 1951

Above dikes \ 12 62
West Loco
Bekarts 140
Bar M 27 Lo 50 87 59
Teal 5l 50 27
off 19 50 19 37
Sparks 50 9
Zast Lake - 39

Below dikes
Wlest Loco 3 57
Baker'a 31k

Bar M 197 626
Teal K 166 282
off o4 L3k
Sparks .

Totals 236 28, 270 195‘ﬂ f"{'35 213 Loo 1766

*Rough estimete In distribution by Noel.

Harvests Subsequent to 193l,

Table 6 tabulates the reported harvest of muskrat pelts
since state acquisition of the area. Data are quite sparse
on these figures. However fleld notes, letters, etc., in the
Utah Cooperative Wildlife Research Unit's fille enlarges on

some of the tallies. These are given below by years:
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;ng' Joseph Hensen ran sn extensive population survey
in the spring of 193!'. He mentions in several places that
there wzs considerable evidence of heavy trapping in the feall
and winter of 1933-3/.. No mention is made of who trapped or
what the catch was., The reported 632 muskrats for that spring
‘was separaje from the winter tranving.

19}§—h0 No recerds could be found for these years,

1941 Marcus lelson states that only the upper spring
runs were trapped in 19h1. Just prior to the trapping a
house and den survey led to an estimate of i, 000 muskrats on
the area. DBecause of the scattered distribution of the musk-
rats, concentration on the spring runs and relatively low
numbers in the lower marshes, he did not conslder the refuge
wéil—stocked.

1942 Marcus Nelson recormmended trapping only the upper
spring runs for the s»ring of 19L2.

1943 Floyd C. Noel in a memorandum to Ross Leonard dated
March 30, 19,3, reported that Arnold Christensen and Floyd
Adams did the "necsessary” trevning at Locomotive Springs.

They trapped from March 25th to 29th. Noel refers to the "l
sloughs." Zlsewnhere throughout the literature the term
"slough" 1s used to designate the marshes below the dike but
the reference here is to East Leke, and as only 3 marshes
exist below the dike while l. springs are above it, it is
considered that the reference was to the . spring runs.
194h-1948 Ko records could be found for these years.
1949 TNo reference could be found for this year, However,

the cattlemen revnort that the man who trapped that season
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trapred only the spring runs, He had remarked to them that
there was a very high percentage of juveniles,’

1950 The data on the trapping In the spring of 1950
were obtalned from Mr. Virgil VWeldman. The trappers were
Dave Holdaway snd Floyd Gardnar and they trapped from
February 15 to Marsh 3rd using 200 traps. This appmrently
was the first time that the ares below the dikes was trapped
since 193h. Weidman reported that these travpers were
pleased when their combined delly cstch was 50 muskrats,
urhgpy when the catch was 25 and they quit when 1t resached 15.
They stopved traoping HMarch 3rd. They trapped some muskrats
from the spring runs, but the bulk of their catch was from
Off and Teal arshes. The soring of 1950 was slow in break-
ing, and traoping of these sloughs for the first 18 days
probably did not allow the marshes time enough to open-up
fully. For some unknown reason the trappers only trsaspved a
few hundred yerds south on the Bar M MKarsh.

The writer visited the area for the first time April 3,
1950, and the muskrat sign on the Bar M Marsh was good. No
house counts weré taken at that time, However, in retrospect,
it appéared to be near the same as in the spring of 1951 when
626 muskrats were harvested from this mersh. Moreover, at
the time of the April, 1950, visit the marsh was more opened-
up‘than 1t wes at the same date the following spring.

The trepping history of this area 1s too interwoven
with past population fluectuations to discuss it out of that
context., Therefore a discussion of this section willl be vpre-

sented with the discussion on population numbers,
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The writer obtalned a permit to trap the area in the
winter end svring of 1950-Fl. Tom and Lyle Stokes of Snow-
ville also trepped on the area in the spring of 1951. One
hundred sixty six muskrats were taken on the spring runs
from December 20, 1950, to PFebrusry 11, 1951. Tranping was
suspended from February 1llth to February 15th., The writer
placed hils trans on the Bar M Marsh and the 3tokes brothers
placed their trars on Teal and Off Marshes upon the opening
of the season (February 15th - April 1st). These marshes,
while not yet fully opened-up, were opened enough to allow
the initial settings. The break-up continued and the traps
were moved along with 1t. The Off snd Teal larshes were
slower in opening up than the Bar M., After one complete
traverse of the two east marshes by the Stokes brothers, they
removed some of their traps, obtailned others, and set them
on the spring runs and the West Lake area. The writer elected
to remsln on the Bar M Marsh as he had to commute to Logan
the last two weeks of the season. Due to this and the slow
spring bresk-up the area was not considered fully itrepped--
the lower half of lower tlest Locomotive and lower Bakert's
were not trapped at all, and West Pond was just creamed. A
total of 1,766 muskrats were taken by both parties. It is
the considered opinlon of the wrlter and the Stokes brothers
thaet perhaps 250 more musk?ats could have been harvested from
the refuge without harming the seed stock if the season had
lasted snother week. This would have given a totel yield of

[ ]
2,000 muskrats,




Table 7. Population numba~s by house and den countq on
Locomotive 3Snrings Refuge.

Season Spring Winter Fall Fall Summer

Year . 193k 1941 194 1949 1950

Observer Hansen Nelson Low Low MeCullough

ares (Mg}  p p B ai wm3)p m

Above dike
WJest Loco 93 13 71 12l sh 13
Beker's -105 25 29 2
("ponds) 29 9 "
Bar M 18 130 56 2L L
Teal 10 0
ore 9 25} 86 2 20 L
Sverks 10 0
E. T. shore 20 10

Below dike
West Loeo. 93 75 b7 65 8 20 3
Beker's 21 2
Bar M so 75 17 5 83 127%)59 o3
Teal 13 59 36 72l7) L Lo
off 3016 59 161 21 23

1. D-active den; H-active house.

2. House built in fall of 1933.

?. Ah-active house; IH-inactlive house.

e Partial--l mile.

5. Partial. probably X 3, (2,9--381).

0. Counted 105. Hstimeted 225.

7. Pertisl. Probably add 1/3, (i8--96).
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Numbers and Distribution

The previous censuses of the muskrat population on the
refuge have been more or less erratic and spasmotic and, as
a8 result, it 1s difficult to follow past population trends
from deta of this nature., Table 7 tebulates these counts.,

lensen's 193l count is probably as good a picture of
the former density and distribution a&s will ever be obtained.
By the high percent of dens it clearly shows the original
stream-11ilre charactér of the soring flows above the then- °
proposed diké line,

Nelson's 19li1 count shows the early effect of the form-
ing of West Lake by the 950 percent incfease in the number
of houses on West Locomotive over Hansen's 193h house count.

The first complete census was made by the writer in
June and July, 1950. Tvery muskrat habitat-type area on the
refuge was traversed on foot and the population tallied by
the number of active houses and dens. Tagging operations
were concomltant with this work; thevefore, cach and every
miskret house was opened to discern whether or not a litter
was present., In this nanner a very accurate house count was
obtained. A house wss considered sctive if: (1) 1t hed =
litter in it; (2) 1if it hed a dry nest in the centrsl
cnamber; (3) 1if muskrats were seen entering or leaving it;
or (I) 4if fresh cuttings and sign were found inside. If
none of these signs were found the house was classified as
inaetlive.

Dens presented more of 2 nroblenm as they could not be
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checked for dry nest chambers or litters. The dens were
found as a general rule along the more steeply banked snring
runs. An active den was comted if: (1) while walking along
a stream a muskrat was seen to enter 1t; or (2) after a
streteh of stream with a dearth of sign, a sign concentration
area was encountered--tracl's, cuttings, dung, s&snd runways.
Two dens close together would necessarily be tallied a&s one
den., The tallying of dens along shores exposed by the
lowered water levels was more accurate than those tsllied
through rnarshy-shored areas because of the ‘extensive runway
system in the former. Admittedly there 1s more chance for
errnr in the den tally than in the house count. Iowever the
den tally, due to the writer's conservetism, represents the
minimun number of dens while the house count is fairly
representative and accurate.

Table 8 gives the relative distribution of the inhabited
dwellihgs¢ If the assumption is made that each occupiled
house or den 1s occupied by one breeding pair, the summer
distribution of the 1950 breeding population cen be made.
This table shows that 71 percent of the aresa's breeding
pooulatlion was on the East Lake half of the refuge. Seventy
one pergent of this was below the dikeline on the 3 marshes,
Bar M, Tesl, and Off.

The total number of breeding vairs censused on the

entire Locomotlve Springs Refuge by the writer in 1950 was
1}_880
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Table 8. Comparative area productivity, Locomotive Springs
Refuge, 1950-51. :

Number of Numbsr of
houses & dens Percent of pelts taken Percent of
(Summer,1950) population (1950-51) population

Bast Leke aresa

Above dike 102 29 165 11
Below dike 2h2 71 1342 89

Weat Lake ares
Above dike 98 69 202 78
Below dike L6 31 57¥ 22

Both lske areas

Above dikes 200 y 367 21
Below dikes 288 59 1399 79
East Lake area 34 71 1507 85

~ West Lake area il 29 259 15

* Partially trapped

Table 9. Den to house ratios from the summer, 1950 population
census, Locomotive Springs Refugse.

Area Total Ratio dens to house
Dens - Housss {approx. )
Esst Lake area - 168-176 1:1
'Wesf Leke area 12}4-20 6:1
E. Leke above dike 8~18 L:1
. W. Lake above dike 83-15 ’ Lis1
g. Lake below dike 8l,-158 1:2
W. Lake below dike j1-5 8:1
Above dikes 167-33 L1,

Below dikes 125-163 1:1.1
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For at least 17 years previous to state acguisition
the area steadily produced a yearly hervest of over 2,500
muskrat pelts. The reference by Hansen to heavy late fall
and winter trépping in 1933-3l in addition to the réported
spring catch of 632 indicates that the population remained
at a relatively high level to the spring of 193L. The dikes
were constructed in 193l, The harvest has been relatively
low subsequent to that date with the excentioﬁ of.the season
of 1950-51. Two possibilities as to the cause of the muskrat
decline immediastely nresent themselves-<Jnamely, the dikes
end the trapping vprocedure.

The construction of the dikes created Tast and West
Lakes. The stream channels thus innundated were lost as
rmskrat hebitat--at leest until sultable vegetatlon could
eclze on the area., The formation of these two lekes exposed
1200 scres of open water surface to evaporsation. The rate
of evaporsation in the desert air was not determined, but
Gilbert (1890) figured that there was an annusl evaporation
rate of from 60 to 80 inches from Great Salt Lake. Harding
(in Meinzer, 19,9) indicates that the annual evaporation rate
1s closer to l:0 inches in the general region of the refuge.
In addition to thus decreasing the total volume of water
spilling to the lower areas, the greater surface exposure
would tend to make thls water warmer in the summer and colder
in the winter. The salinity would 1ncreaée both from the
evaporation snd from the leaching of the newly lnundated land.
While these factors exiast, they are not of the magnitude to

account for the radlcal vopulation size change, They would




only serve to act secondarily to more basic factors.

Other than these factors there would be no intrinsie
difference between the presence or asbsence of the dikes to
the muskrat pvopulation as a whole. An extrinsic factor
assoclated with the dikes, however, 1s of crucial import-
ance--nemely, water level manipulstion. This is treated in
a separate sesction,

The second apparent possibility of the cause in the
population reduction is under-trapping. Under-trapping
leads to overpopuletion which in turn results in: (1) an
iInerease in intraspecifiec strife with resultant losses; (2)
increased demands uvon the fcood supply with resultant eat-
outs; (3) decreased reproduction; (l.} increesed susceptibility
to diseese and parasites; and (5) increased predation due to
an influx of predators to an abundent food supply. The
effects of under-trapping were graphically displayed in 1926
or 1927 when Eli and John Anderson tried to stockpile the
muskrat population.

Undar-trapping as a basic cause of the muskrat decline is
indicated by the trepping returns (table 6). The complete
abssence of trapping for the 6 years from 1935 to 1940 would
strongly indicate that the high population in 193l was -allowed
to Inecresse beyond the carfying capacity of the arca. 1In
1941 Nelson (field note) estimated a total population of li,000
yet only 28l or 7 percent were trapped. The area below the
dlkes was not trapved for 15 years snd the entire refuge was

not trappred for 10 seasons. The snring runs asre scattered



and relatively harder to trap than the marsh areas, The

several references to the ponulation being concentrated on
the spring runs coupled with the relatively small cetches at
least indicate under-tranving a&s a possibllity to be 1lnvest-
igated,

Areas devold of emergent vegetatlon of from one-half to
10 acres were observed on the Bar i Mersh, rigure 23 is of
one of the larger of these areas while figure 27 shows theirp
distribution on the Bar M Marsh. They &are characterized by
g soil relatively high in organic matter and supvorting a

fair stand of widgeongrass (Ruppia maritime L.). These

areas are rather sharply defined and there appears %o be
little if any invasion by the cmergent species that adjoin
them. S3tudles on the Gulf Coast (Lynch, O'lNeil and Lay, 1937)
show that eat-outs occurring on & clay subsoil marsﬁ are
revegetated in 1 or 2 seasons, These open areas on the Bar M
Mersh show no sign of belns revegetated by emergent vegeta-
tion. Therefore they may or may not represent eat-outs,
Fluctuating water levels can cause &n artificlal over-
population when the muskrets are flooded or forced by receeding
water Into less and less snace. The possibllity of this type
of overpoonulation is definitely indicated on the arsa. (See
thé section on wster level manipulation.)
. There 18 little need of manasgement practices to in-
crease 8 given populetion 1f that increase 18 not harvested.
Considerable evidence (Hrrington, 1918, and others) shows
that the relative reproduction in a high density populetion

i3 low whereas in an understocked area 1t is high. Surely
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some years do occur when the populaetion has besn drasticslly
reduced by disease, flooding, etc. where partisl or even no
travping is indicated. Bup this writer does not believe
that the trapping, or rath?r’the lack ot it--especially from
1935-}10, was dictated with these thoughts in mind.
Under-trapping, as a major factor in the reduced musk-
rat yleld from Locomotive Springs is indicated by the records.
However, due to the lack of definite large scale eat-outs, it
would avnpear as if this factor were not the 11hiting factor
in the reduction, but only sccentusted by another factor or

fectors,

Movements

As nothing was known on the migretion of the muskrat at
Locomotive Springs, 1t was intended to ear tag & number of
kite In order to study this phase of muskrat ecology. It
was &lso hoped that growth rates could be established by this
method, Growth rates would be espscially valuable in study-
Ing the resrodﬁction on the area. Lrrington (1939) has

worked out these rates for Ondatrsas zibethica zibethies L.

and other workers in the field (Gashwiler, 1950 and Cowan,
1948) have avplied them to different raceé. Cowen points out
however that it is questionable as to whether they apply to
other races or not. Twenty kits comprising part or all of
9 litters were ear tagged on the area Msy 10, 199, by Dr.
Joessop B, Low,

The method used by the writer was that developed by
Aldous (19)6) in which Monel fingerling tags are fastensd to
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the ears. Tagging began June 20, 1950, Jseventy-six kits
revresenting all or part of at least 21 littera were tagged
at verious places on the refuge. Until June 30th, one litter
or litter-part was encountered for every 5 to 6 houses
examined. TFrom that date on the ratio widened rapidly until
by July 9-12 the ratio was 1 to 30 houses and more. As this
condition continued to exist, it was belleved that the dis-

turbance to the populstion was not commeasurate with the

results and was diseontinued. On July 5, Mr. L. V. Saunders
(in conversation) told the writer that at Forsegren's marsh
near Corinne, Utah, he was finding 1 1litter for every 2 to

3 houses at that time,

To further study the mligratlon tendencies, 1ive trap-
ping was done with Havehart live traps. The results, like
those of Cowen (1945) were more or less indifferent. Nany
kinds of asts were used, and the baits includéd carrots,
parsnips, turnips, watermelon rinds and split csattaill root-
stocks., The latter nroved tn be the best, but e£ll were
disapvointing. Commercilal scent was also used. The 1live-
trapping produced only 7 muskrats for tagging, 2 adults sand
5 subadults., Two of the sub-adults were cgught at one time
in a runway between 2 houses. They were of different ages.
Another subadult was recaptured 3 days after the initilal
capture. It was drowned in 1 inch of water. Three adults
were ceaptured for tagging by grasning their talls when the
opportunity presented itself in the marshes,

The returns of tagpged animels were few., All muskrats

trapped by the writer were inspected at the point of capture.
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Only 1 tag return was found for the 812 muskrats trapped.
This tag return was an adult male that hed been live trapped
July 23, 1950, on the Bar‘M Spring run. Recapture was made
within 75 yards of the initial point of capture on February 23,
1951. The initial and finsl body aeasurements of both the
tall and total length were identical. However there was an
increase of 270 grams in weight. This male had been tagged
on both ears. One of the tags had been lost and that ear lobe
was split. The other tag was attached solidly.

At least 2 tagged muskrats were caught by the S3Stokes
brothers. However, the carceses of theose muskrats were dis-
carded before the fact‘of their being tagged was noticed.

The first return was from the lower end of Cff liarsh, This
kit had been tagged as a nestling on the upper Teal .arsh,
They only remembered that the nelt had been "larze." The
second return was not noticed until they were selling their
pelts. They did not record the tag number.

Intermarsh movements auring the svwring trapping season
were quite evideng on the moist, barren salt flats between
the mershes.

As the travping drovred . off in the upper areas of the
Bar M Marsh the traps were moved further south, However,
after a period of 10 days to 2 weeks the sign in the trapped
srea was again sbundant indicating that intremarsh dispersion
WES quite active., The writer did not retrap these aress on
the Bar I Marshes wheveas the Stokes brothers did work each
area over several times on the Teal and Off Marshes,

The summer, 1950, house counts showed a low number of
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active houses on Teal and Off Marshes following moderate
trapping Iin the soring of 19,9-50. The following winter
house count (table 18) showed a very marked increase in the
nunmber pf houses on each area--amounting to an increase of
320 percent on Teal, an 852 percent on Off over the summer
house count, This increase may have been due largely to dis-
persion from the Bar M Marsh that hsad not been trapped.’
Cbservation along the storm line bordering the salﬁr
flats to the south showed that while muskrats would go out
on the barren flats up to 50 feet, they would go no further.
One adult muskrat was found dead one mile east of the
head of Sparks Spring. The cause of death was not in evidence.
This is the furthest from wster that a muskret was found on
the ares.
¥r, Jim Wood, operator of the salt plant at Monument
Point S miles east of the refuge, reported that in 1949 he
saw a live muskrat in his salt gardens. HKonument Point 1=
about equidistant between the refuge and the marsh aress in
Hansel Valley. Therefore it is problematical as to which
area 1t was fron, |
“ Conversation with cattlemen, trappers, and raenchers in
the area indicate little mass migration. The muskrat pop-
uletion at Locomotive Springs is relativel? isolated. A
marked spring disperssal occurs within the saresa, but there 1is
l1ittle evidence that 1t extends beyond the refuge in any

magnitude.




CONPOSITION

.Reproduction

Because of the possibility thet the lowered productivity
of the area may have been caused by a reduced reproduction
rate, this particular phase of the study was intensely
investigated.

Much of the literature on the muskrat has dealt with
the derivation of age ratios by various means. While some
of these are fairly satisfactory tools where muskrats are
tranned in the fall and early winter, most faill when applied
to spring caught muskrats. No wholly satisfactory technique
has yet been found. Sevefal of these methods were checked
both for the purvmose of obtalning needed data end for check-
ing the method 1tself--many of which were reported on the
basis of small sémples.

Lavrov (Shanks, 19118) first pointed oui_that the young
of the year muskrat pelts show a bilaterally symmetrical
pattern of pigmentation on the flesh side., Older individuals
show a mottled or asymmetrical pattern, Several writers have
further revorted on this (Beer, 1919, and Apvlegate and

Predmore Jr., 19L.7).

Table 10. Age ratlos of muskrsts as derived from molt
patterns, Locomotive Springs Refuge, December 20,
1950 to February 11, 195l.

Sex No Adult “Juvenile Ratlo
Mele 73 32 L1 100:128
Female 69 3l 35 100:103

Both 12 66 76 100:115




The actual age ratio of the females as determined by
the présence or abseﬂce of placental scars was 100 adults per
142 juveniles (table 11). There 1s a wide divergence between
the age ratio of the females as derived from the molt
pattern method and that derived by the placental scar'method.
Petrides (1950) and others found a closer agreement between
the 2 methods, The writer believes that the present dis-
crepancy 1s due to differential priming of the bilaterally
s%mmetrical pattern of the juveniles--thus giving them a
mottled apvearance. The molt vattern method would appear
then, in addition to losing its usefulness as the priming
process progressed, would lose its validity. 1In this winter
groun of pelts 12 or 7.8 percent were too prime to classify
by this method.

The method of aging female pelts by the size of the
teat scars was also checked, Petrides (1950) used the
diemeter of 1.5 millimeters as the dividing point--above
being adult and below beilng juvenile., In addition, the
presence or absence of pigment was noted. A pelt with
darkly pigmented teat scars was classfied as adult whereas
no pigmentation indicated it as =& Juvenile., If valid this
me thod would be very useful in aging large groups of spring

‘caught female peltries.
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Table 11. Female age ratios derived from teat marks and
: placental scars, Locoriotive Springs Refuge,

Ratio-Adult: Ratio-Adult: Ratio-Adult:

Area Juveniles Juvenile by Season  Juvenile by

‘ by teat size teat pigmen- placental

tation scers

Spring ‘
runs 100:99 100: 200 Winter 100:1h2
off-
Teal
marshs 100:63 100:193 Soring - - - -
Bar M
marsh 100:91 100:39 Spring 100:172

Teble 11 tabulates the age ratios derived from the teat size

and pigmentation methods compsred with those obtained by

the plecental scar technlgue. In this study it was assumed

that the placental scar technique would give age ratios qguite

close te the actual ratlo. The wide divergence of the ratlos

“derived by ths 2 teat methods from the actual would indicate

that these methods were of little value on the study area. .

Two ltems of interest were discovered In the vnrocess of

checking these age retios: 1. an adult male showing the five

pairs of mammary glands on the pelt. The finding of this

individual introduces an error, admittedly smeall, into the

sexing of velts by the teat narks. 2, A

supernumary

mammery gland, pectoraly placed, was found in 7 percent of

the females (7 out of 102 females). No cases of paired

supernumary glands were f{ound.

Petrides (1959) mentions the use of the degree of os-

sification of the wrist bones in the forepaws of muskrats




55

for age determination. The method was gpparently of no

use on other than early fall;caught muskrats. However, he
made no mention of a similar fluorescopic examinatioh of

the caudal vertebrse. A small sample of 7 muskrats was
checked in this manner by Dr. J. B. Low and the results
indicated further investigation. Consequently a large series
of talls were collected, Upon fluorescopic exsmination,
however, both known age groups separated at random. This
method cennot be used for aging snring caught muskrats.

The metﬁods of aging muskrats by the size, shape, and
color of the penls, presence or absence of a vaginal seal
and the condition of the sexual organs were Investigated,
but were found to include too high a percent of intermediate
individuals that could not be classifled. From the indica-
tions, though, these methods should prove useful in aging
fall caught muskrats on the area.

Many workers 1in the fleld have used the placental scar
method of age determination in the females of the population
{(McCann, 19lli; Sooter, 19li6; Beer, 19h9, et al.). This
method proved to be the only valid age criterion for use on
the spring caught muskrats. All femasl es captured were
exantlned for the presence or absence of placental scars.
Those with these scars were classified as adults while those
without were classifled as juvenlles.

At least 2 errors are possible in this technigue. The
resorption of the ﬁigmented areas would tend to Increase the
number of juveniles pef adult. This was not indicated to be

of significant importance in this study.




The intensity of the pigmentation did increase from
December through March, but most of the scars were quite
visible up to April 1lst when the season ended. Only 3 per-
cent of the adult femmles taken on the Bar M Marsh were
noted as "hard to see." Gashwiler (1950) reported that the
placental scar method cannot be used as an age criterion in
the Spring‘saason in Maine due to resorption, but the trapping
season there is one month later than at Locomotive Springs.
Placental scars were 8%111 vresent on 3 females with embryos
although difficult to count because of the distention of the
uteri.

Barren adult females would also tend to incresse the
number of juveniles. The extent of this error 1is unknown.
Petrides (1950) compiled the data on this subject and the
range of barren adult females was from 5 to 20 percent of
the adult females.‘ If femsales breed in pheir first summer
1t would increase the number of adults.. No evidence was
observed that they did breed in their first summer. Four
females (li.6 percent) were trapped that had an undiffer-
entiated placental scar total of under 7 scars each. This
prdbably indicates one litter. It may be that these were
adults that had borne one litter only that year; or it may be
that they indicate young of the yeanr breeding of both.
| In using the placental scar technique one unevaluated
basic assuﬁption must be made--namely, that there 1s no age
differential selectivity in the trapping. The writer tnied
to lessen any effect of this by using a very diverse trap-

line with many different types of sets interspersed, placed
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at varying distances from houses and dens, and with varying

lengths of time at one spot. It is belleved that this
technique lessened the unknown effect of age selectlvity.
Age ratios are useful as indices to the relative effect

of environmental influences. Since water level fluctuations

" were found to be of prime importahce on the refuge, the

suprlementary data in table 12 are arranged to divide the
data into that above and that below the dikes.

The muskrat hebitat above the dikes 1is primarily
streamlike in cheracter, while the erea below the dlkes 1s
marshland. Water level changes are more marked on streams
than on marshes. The stream, being enclosed within 1ts
banks, must rise shafply with an increase in flow wheresas
the same increase upon a marsh not so enclosed would cause
& msh more moderate ralse. In addition a decrease in water
volume in a stream cexposes the muskrats more to adverse
environmental influences than a similer decrease in a marsh
where food and cover remain abundant. For the above reasons
this area distinction 1s carried throughout the other blotie
Investigations,

Table 12 shows thet there was no great difference in the
average number of implanted fetuses above and below the

dikes.



Table 12. Supplementary reproduction data derived by the
placentel scar method, Locomotive Surings Refuge,

1950"51-
Avg. number Average Ratio: Ratio: Juvenile
Ares  of placental slze of juvenile Q Jjuveniles mortallty
* gears last per 100 per adult (%)
litter adult Q . pair

Above :

dikes 16.5 8.0 1h2 28l 82.8
Bar ¥ _

Marsh 16.9 6.11 172 3k 79.1

The average last litter figureé show & rather marked
difference. This difference could be: 1. the contrast
between 2 sand 3 litters during the study year; 2, it could
mean &n inerease in size in thé last litter above the dikes
to compensate for earlier lossesi or 3, it could signify,
as previously stated, & differentiasl resorption. The muskrats
from ebove the dikes were trapped in the winter and those
below in the spring.

A significant difference occurs between the female age
ratlos derived for the 2 areas, being appreciably larger
on the marshes than on the streams. Assuming a 50:50 sex
ratloc the breeding pairs on the Bar M Marsh raised an avereage
of 0.60 more young than did similar pairs above the dike
1line,

The juvenile mortality percentages (table 12) are
derived by computing the percentage loss between the averags

number of placental scars and the number of young reised per
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adult pair. There 1s very little difference between the
two areas as shown by these values. However in comparison
with McCann's (19l);) figure of 1,7 vercent for Minnesota
muskrats both areas have a relatively high percentage ioss.

The 16.9 and 16.5 average placental scar counts are
high in comparison with the reports of other workers.(McCann,
1941 - 11.5; Sooter, 1946 - 14.08; Beer, 1949 - 1l..9). This
range Qas from 6 to 27 placental scars per adult female.

This may indicate a compensatory increase in young production
to some adverse environmental factor.

In addition Low (1950) reports that an average of 100
more juvenlles per 100 adults are taken from stream arsas
over the same number taken from marshes, This would tend to
even further accentuate the difference between the two areas,

Low (1950) also reported that the adult to juvenile
ratio in Utah ranged from 1l:3.3 on a small regularly trapped
marsh to 1:6.7 in an excevtional year on Utah Lake. Further,
he belleves that a nmuskrat population conservatively trépped
over a number of years will yield an age ratio of 3.5 to 4.0
Juveniles per adult pair.

- The.ege ratio from the Bar M Marsh essentially fells
within this grouping (3.L)i). However, 1f this hypothetical
érea was not travped the ratio of juvenile to adult would
decrease due to the‘loyeredrreproduction accomanying under-
trarping. The Bar M Marsh had not Been trapped for 15 yearé
prior to 1950-51, This would indicate that the reproductlion,

instead of being low normal, 1s actually relatively high.

A




‘Table 13. Sex and age retios of muskrats trapped at
Locomotive Springs Refuge, 1950-51,

No, No.
Araa Total No. No. Ratio Juven. Adult Ratio

No, @& $ dYlpo g @ e JQ/100 AQ

Above dikes

East Lake

Sparks 2 2 0 - - -- -

ore 2k 8 16 50 9 7 128

Toal 11 5 6 83 3 3 100

Bar M L6 2l 22 109 9 13 69

T°§§ii§§§ 83 39 Ly 88 21 23 | 91

East Leke® 36 16 20 8o 12 8 150
Allafggt ke 92 L3 49 87 26 23 113
West Lake

West Loco 3L 19 15 127 8 7 11h

West Lake 11 5 6 83 6 0 -—

West Pond 17 12 S 240 N 1 oo
Allafﬁit Lk 62 36 26 138 18 8 225
Total above :

dike 1k 79 75 108 by 31 12
Below dikes

Bar N 626 387 239 162 152 87 172

Grand total 780 166 31k 148 183 131 139

# Includes the mouth of off Spring run



An alternate possibility exists in the fect that the

Teal and Off Marshes were trapped the year previous. These
then relatively underpopulated arees may have created & steep
diffusion gradient from the denser populated Bar M Marsh
during the spring distributional shift. Such a diffusion
from the Bar M Marsh would compare with conservative trapping.
Probably both factors were operative.

Within the spring run grouping several ratios deserve
enlargement (table 13). The only actually stable water
level areé-was West Pond lying west of West Lske. The age
ratlo there of juveniles per adult pair was 8:1., An even
higher though incalculable ratio was obﬁalned from Weat Lake,
but this was considered to be non-representative due to
possible age selectivity in under-ice den travping. Age
differential catches probably occurred on the north shore
of HEast Lake. There the muskrats were belng forced out by
the lake draw-down. If these factors are taken into con-
sideration, then the reproduction on the spring runs would
indicate a relatively low reproductive rate. This low rate
would approach that of a stable population,

It would appesr then that a low reproductive rate
exlsted through 1950 on the sovring runs but that the repro-
duction approached normal on the lower marshes.

Evidence of breeding in the spring of 1951 was first
observed in the jump tracks of & muskrat on January 1L th.
Nothing has been found published on this, but 1t seems to
follow logically. The track resembles s mink track in that'“

the feet eare always palred, a looping taill merk shows at




each jump, and every den and hole is investigated.

It is believed by the writer that these tracks are '
made by sexually exclted male muskrats in search of females.
This type of track was noticed frequently after the first
observation.

Swollen uteri in the proestrous condition were first
noticed on Februﬁry 16th and 17th. They wers not again in
evidence until March Gth after which they regularly occurred
in sbout 30 percent of each day's catch of females.

The first embryos were found Merch 17th. A total of
three adult and 2 sub~-adult (females born in 1950) gravid
females were taken. They gave a&n average litter size of 7.6
with a range of 5 to 9. The embryos were not developed
enough for sexing. No lactating females were caught. 3ix
females with swollen vaginal openings and large amounts of
secretion In and arocund that orfice were belleved to have
been bred just previous to belng caught. The first occurrence
was on February 21st and was found scatteringly thereafter.

Sealed vaginal orfices were regularly found to February
23rd although in steadlly decreasing numbers, Subsequent to
thaet date only 3 wére noted, the last being on March 13th
in an apparently sick animsl,

The 1951 breeding season on the study area begen in the
second week of Merch. Table 1l shows the 1950-51 repro-
duction on the Ogden Bay Bird Refuge.

The reproduction on Locomotive Springs in 1950-51
appears to be delayed by at least 20 dayé. Two possible

explanations of this deiay present themselves: 1, The average
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growing season at Locomotive Springs is 35 days less than
at Ogden Bay (Table 1) 2. That the first estral cycle
passed without any appreciable conception (as previously
noted). DBeer (19h9) gives the length of the estral cycle
as 28,7 days with a spread of 2l to 3l days. As traps were
first placed on the Bar l Marsh on February 15th, it may well
be that the next 2 days just caught the tail snd of the first
estral cycle and those caught on March 9th represented the
lead end of the second estral cycle. If this were the case,
then the time interval would be about right. It would

appear logical that these 2 factors were correlated--the
former conditioning the latter.

Table 1l Muskrat reproduction on the Ogden Bay Bird

Refuge, spring season, 1351 (Saunders, in
conversation).

Time perlod Age Percent of trapped
femeles with embryos
Pebruary 16 - 28 Adult 27.2
Sub-adult 3.
March 1 - 1§ Adult 35.1
, Sub-adult 6.3
March 16 - 31 Adult : 8.0
Sub-adult 17.7

Sex Ratios

The sex ratios taken from the muskrats trapned at
Locomotive 3prings are listed in table 13. The winter ratios
1isted for East Lake show & large percentage of females,
both adult and sub-adult. This apperently was caused by the
differential migration following the lake draw-down., The
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Weét Leke area was near normal.

Commercial scent and blind sets were used on the spring
runs above the dikes. On the Bar i Karsh, however, a sex
selective scent wes utilized. Thls was prepared by chopping
up the ovaries, uterus, bladder, and vulva of adult females
and mixing -1t with their urine. This scent has a higher
attractive potentiasl for males than for femeales, With this
scent the ratio of 1,62 males per female was obtained for
the entire spring season.

The writer received for processing the State's share of
all the pelts trapped by the Stokes brothers, The sex ratio
of 177 of their pelts was 0.82 males per females., Two
explanations of how this low retlo may be possible: 1. the
method of trapping (l1.e. close to houses, retrapping trapped
areas, lesving traps in one place too long, non-use of & male
selective scent, etc.) could account for the higher percent-
age of females; 2. the State's half of the pelts that the
writer examlined was not a random samnple of each day's catch,
Probably both factors were responsible.

No major sex differentiel mortality factor was evidemt

on the area during the study period.’

Size. and Weight

All revorts subsequent to state acquisition were
unanimous in one respect--namelj, that the muskrat pelts
from Locomotlive Spfings were both larger and of better
quality than those from other state aresas.

John Anderson, however, told the writer that the



Locomotive Springs muskrats were both inferior In size and

color to those from Salt Cresk {near Thatcher, Utsh) when
he trapped the area; hence the introduction of the "big
black muskrats," |

Table 15. Size composition of muskrat pelts, Locomotive
3nrings Refuge, 1950-51.

oy

¥umber Percent of Pelts
Arean of

pelts Ex-large Large Medium Small K1t Damsged

Area ' H
above

dikes

(winter) 166 3.7 38,1 35,0 20.6 2.5 ———

Area
. below
dikes
(Soring) 626 , 007 20.0 50;7 26.1 2.3 hanhashed

yanyder-
ville,
Utah
(fall,

1936) 237 3ol M7 3841 8.3 15,3 ---

Ogden

Bay

Refuge®

(spring } -
1945) 585 -—- 81.8%% 1),.7 0.7 0.0 3.6

 data from Low (1950)
* Large and extra-large combined

Disregarding the genetic factor discussed in the section !

on species the writer found that the pelts taken from the

area{in the 1950-«51 season were neither of oiceptional size
nor of top quality. Only 7 pelts out of 1,289 graded by the |
|

writgr were definite extra-lerges. Table 15 shows the size
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composition of 2 other pelt collections are ineluded. DBoth
winter and Spring collections from Locomotlive Springs ars
quite similar to the fall collection from Snyderville, Utah.
Extrapolating the latter to spring would leave the former as
relatively small muskrats, Comparison with the Ogden Bay
data emphasizes this size difference. |

The non-marsh area of Locomotive 3prings had the higher
percentage of large muskrat pelts. This could either indicate
a strain of larger muskrats or a smeller percent of young.
The writer belleves that only the latter is indicated.

The occurrence of grossly demaged pelts ran 9.l percent,
while the total number of damaged (any with cuts or bites--
fresh or old--on the back of the pelt) ran 15.) percent.

Because of the lack‘of standardization, pelt size and
percent of damaged pelts are no more than indicators. But
as Indicators they &are valuable.

The color of the muskrat pelts collected was generally
light. No black pelts wére taken, nor were any albinos,
although several pallid golden pelts were obsgrved.

| Mrre time was avellable when trepping the arsea above
the dikes, and, therefore, the dally catch was measured for
tot&l-, tail-, &nd hind foot lengths. Each muskrat was
weighed with a Chatillon spring scale to the nearest 10
grams. Time l1imitations precluded similar mé;surements
for the spring trapping season, However, avery spring caught

muskrat wes weighed., These results ere listed in table 16,
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Table 16. 3ize end weight averages of muskrats trapped at
Locomotive Springs Refuge, 1950-51.
Total Tail | Hind '
Area Grouping No. length length foot Welght
(mm. ) (mna. ) (nm.)  (gms.)
Above dikes:
West Lake
Adult Q 8 560 2ho 77 1103.7
Juven.Q 17 539 229 77 1039.4
A1l Q 25 546 233 77 1060.0
All o7 35 555 238 78 1060.9
East Lzke
Adult Q 22 556 237 77 1101.1
Juven.Q 25 50l 221 76 796.0
A1l Q L7 529 228 77 938.9
A1l o7 ~ Lo "S43 235 77 960.0
Both Lakes
Adult Q 30 557 238 77 1102.0
Juven.Q L2 518 22l 77 89L.5
All Q 72 535 230 77 981.0
A1l o7 15 sL8 237 77 1010.8
All rrats 147 5h2 23l 77 975.6
Below dikes:
Bar M Marsh
Adult Q 78 -—- -— - 978.6
-Juven.Q 147 - - - 897.5
All 9 225 - -— -~ 9237
A1l o 361 _——- ——— - 10l3.6°
All 'rats 590 - - -- 997.8
A1l muskr;ts . 737 -—— - - 993. 1
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The largest female weighed l,Bhb grams and the largest
male, 1,170 grams. Table 16, when consldered by the East and
West Lake arees, shows a distinct difference in the linear
measurements and welght. Thole from the East Lake area were
the lesser in sll measurements. The key to this difference
lies in the comparison of the two juvenile female groups. The
magnitude of the difference would indicate: 1. an additionsl
litter on the East Leke area; or 2. the general loss of the
last litter on West Lake. Placental scar counts (table 12)
would indicate the losing of a litter rather than the non-
production of 1it, |

The Bar M Marsh muskrats were weighed only. Although
they hed the benefit 6f 1 to 2 months of extra growth, they
were not appreciably larger than the muskrats from above the
dikes., In the writer's opinion this discrepancy was csaused
by & higher juvenile mortallty above the dikes.

The average welght of ‘the Juvénile females from the Bar M
KHarsh, with 2 additional months of groéth, fgiled to reach
the average welght of the West Lake juvenile females, This
only exemplifys the probable late litter loss on the latter
area.

The hind foot lengths, although quite varlable, averaged
out very close. . There appeared to be no correlation of the
hind foot length with sge or sex.

Low (1950) reports thet the average welghts of fall
trapped muskrats on the Ogden Bay Refuge were: adult females,
992,23 subeadult females, 771l.l; and adult males, 1020.6 grams.
Exterpolation to spring welghts would indicate that the two



populations are roughly comparable to each other.

The former reports of the large size and high quality.‘
of pelts from the area can be explsained by elther of 2 ways:
l. =& genetically-caused reduction in size (but the writer
saw no evidence of this), and 2. the reproduction on the aresa
was largely ineffective with the result that the main popula-
tion was adult, This could account for both the large size
of the velts (by a lack of "smalls" and "kits"), and the top
auelity (by a low percentege of damaged pelts due to under-

population).

Condition

L}
All of the previous reports seem to Indicate that the

muskrats trapped on the area were in good condition. During

the study period notations were made at the time of skinning

g3 to the condition of each muskrat., Five classifications
were used from very fat to poor. The results are tabulated

in teble 17. Admittedly spnesrance 1s not an accurate quant-

itative measure, but is should prove indicative. Thers is a
decrease In the vercent of muskrats classified as fat above

the dikes as comnared with the marshes below. There 1is no
great difference between different age and sex groupings

except as regards adult females on the Bar M Marsh (6.9 percent
of this group were very poor). This condition appeéred to

have some correlation with the presence of small, 0.5 to L
millemeters 1nud1ameter, roughly circular, mutilobed, hard;
yellow cystelike formations occurring betwsen the uteral

mesenteries. The number varied from 1 to 11 per female.
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Teble 17. Reletlive condition of the muskrat population
' on Locomotive Springs Refuge, 1950-51.

‘ b

Aree Grouping Very Fat  Fat Good  Fair FPoor No.

Above dikes
rast Lake

Juven. 9 8.0 68.0 20,0 L.0 0.0 25
Adult Q 9.1 50.0 31.8 9.1 . 0.0 22
All Q 8.5 59.6 25.5 6.3 0.0 L7
A1l o7 7.3 3h.1 h3.9 12.2 2.L L1
West Lake
Juven. Q  23.5 52.9 23.5 0.0 0.0 17
Adult ¢ 0.0 62.5  25.0 12,5 0.0 8
A1l Q 16.0 6.0  2b.0  L.0 0.0 25
A1l o 0.0 h1.2 NN 8.3 0.0 36
Both aress
above dilke
All Q 11.1 58.3 25.0 5.5 0.0 72
11 o? 3.9 39.1 el 10.h 1.3 77
A1l musk- '
rats 7.0 119.0 3.9 8.1 0.6 149

Below dikes
(Bar M)
Juven.Q  13.0 768.8 8.2 0,0 0.0 1h6

 Adult Q 13.8 68.1. 10.9 0.0 6.9 177

A1l Q 13.0 75.8 9.0 0.0 2.2 223
A1l o? 6.2 87.9 o7 0.0 1.2 321
All musk-

rats 9.0 83.0 = b6.4 0.0 1.6 5i};

Time limitetions precluded further investigations into this
asbnormallty. llowever, an apparently similar sample from the

Ogden Bey Bird Refuge was vreviously reported "to be enlergements
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due to inflammatory actlion. Bacterial forms were not present
though fibrin and pus cells made up the bﬁlk of the enlarge-
nent. The condition was probably secondary to infectlon in
some other part of the body."™ This condition while not
limited to the Bar I, Marsh apneared to be concentrated there.

AREA PRODUCTIVITY

Table 15 1ists the number of houses per acre and the
average nunber of nmuskrats caught per house. The number of
actlve dens were not taken into consideration as they could
not be accurately tallied during the winter and the spring
breskup. However, the denning area on these marshes is limit-
ed and the number of dens should remain fairly constant
through the yesars,

Table 18. 1ilouse &nd area orocductivity, Locomotive Springs
Refuge, 1950-C1,

Winter Houses Muskrats Muskrats
Area Acreage house per . trapped trapped
count acre per per
(1950-51) house acre
Bar M 870 257 0.298 2.3 ' 0.72
Teal 352 128 04363 2.18 0.80
off 650 196 0.301 2.21 0.67

Total 1872 581 0. 310 2¢31 0.72

-

" Letter from D. R. Coburn to J. B. Low, November 21, 19L6.
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Low (1950) reports thet the average 'yleld for Utah

marshlands was 0.5 muskrats per acre, The yield of the
lower marshes were conslderably higher than this. Ile
further glves the renge of houses per acre of marshland as
0.02 to 0.lt3. In this respect the lower marshes in the
winter of 1950-51 were in the upper brackets,

It proved Impossible to get accurate estimates of the
acresge Involved with the areas above the dikes, The pro-
ductivity there, however, was quite reduced from that of the

marsh aresa below the dikes.

BIOTIC MORTALITY FACTORS

Disease

Tularemia had & long history at Locomotive Springs.
Perhans the largest known outbresk of that disaaée in humans
occu?red‘there in 1935, At that tims the 3tate Health Com-
mission renortéd 30 cases in the C.C.C. camp. ‘[he disease
appears to be endemic to the area. The cattlemen reporting
thet 1t was only & matter of time before one would contract
the disease if he staved on the area.

They estimated that at lesst 25 men (in addition to the
C.C.C., cases) had contracted tularemie on the area within
their memorles. Two fishermen from Howell became afflicted
after a week-end fishing trip to the 3nrings in the summer
of 1950. As far as could be determined, only one human death
could be attributed to tularemia on the study areas.

Tularemla is transmltted by the bites of ticks and deer

flies. It elso appears that it is transmitted by contact.
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Karpoff and Antonoff (1936) showed that the causative

organism (Pésteurella tularense) can be spread through the

mediumn of water. The Infected stream water can further be
diluted to over 1:1000 and retain its virulence (Jsllison,
in conversation). Anonymous (in Hzgen, 19.8) reports that
the pathogen entera the water from the bodles of infected
water animals.

At the beginning of the study perlod a dense population

of blacktailed jackrabbits (Lepus californicus deserticola

Meerns) occurred on the area, Xnowing the history of
tuleremia on the area, all dead rabbits were fleld autopsaled.
The first desd rabbit showing the gray granulsr focil on the
liver and spleen was found June 25, 1950, north of the Bar M
Spring. Six more were found the following day. From then on
until sugust 12th a totel of 130 freshly dead jackrabbits
were countéd on or near the area while making daily visits to
the marshes end running coyote traps. Dally autopsles were
&t firsthperformed on all rabbits found; but after a few

days of 100 pocrcent diagnosis of tularemia this practice

was discontinued on the assumption thst the cause of death
in subsequent finds would be tularemia,

Decomposition was very rapild; thus nrecludling a sizeble
error due to double counting. A large number of juvenlle
rabbits were observed early in June; but, after the epidemic
set in, there was apvarently little if any reproduction.

The writer hsad two dogs with him on the ares, When he
first arrived the jackrabbits could outrun the dogs essily.

After the enidemic set In very few rebbits could dscepe from
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the one dog. DBut in the fall after the disease had subsided,
they again out-ran him constantly. Apparently the entire
population was reduced in virility. One of the dogs con-
tracted tularemia In July and dled.

The jackrabbit populstion was largely in or near the

greasewood (Sarcobatus vermiculatus (Hook.) Torr,) areas,

Very few rabbits were found near the lower marshes. When a
rabbit was sick with tularemis, 1t seemed to become qulte
thipsty and proceeded to the nearest water. It stayed there
until 1t died. This was Indicated by the high rumber of
dead rabbits found near the spring heads and runs (26). Nine
rabbits were found lying in the verious spring heads. They
furnished an excellent source of tularemia for water trans-
mission throughout the area. Thus the potentiality of a
genereal outbresk of tularemies in the muskrat population
existed. It did not materialize, and no evidence of any
muskrats dying from the disease was observed although closely
watched for,

The reason that an eplzootic did did not materialize
probably lies in the little known field of natural immunity.
In this writer's opinion the fact thet it did not occur was
an indication that the muskrat population was relatively
secure. If the population had been made insecure by other
adverse environmentsl factors, an epizootic would probably
heve occurred. Admittedly this is speculatetory but
evidence tends to support 1it.

The epitzootic died out in August, 1950, and late fall

Iinflux of Jackrabbits gave the area a substantial winter
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population,

Although several hearssy revorts were heard concerning
a major mﬁskrat die-off (or several?) on the area at this
time, nothling concrete could be ascertalned,

One faunily group (6 or 7) of cottontail rabbits (Sylvi-

lagus nuttalll Bachman) at the Bar M Spring contracted the

dissase and all but one died, The scabby symptoms were
predominant in this species.

No evidence of any disease operating on the muskrats
wes found. Mentlon should be made, however, of the pavper by
5chillinger (1938) in which he states that the possibility
of an épizootic of coccidlosus is greatly enhanced by the
direct effect of lowered water levels. He cites 2 case whers
three-quarters of a large muslkrat vopulation was dead from
coccidiosus after a 3 week's drought. In this same vein,
lowered water levels have been shown to greatly lncrease the
percentage of endoparasitic infestation 1in muskrats (Myer
and Rellly, 1950). While no evidence was seen of eilther
during the study year, the possibility of their acting on
previous years must not be discounted,

A total of 16 adults and 12 kits were found dead during
the summer and fall of 1950, Nine had definitely dled of

intraspecific strife, 9 had fallen to predators and 10 were

‘ dead of unknown causes. As many houses were opened in the

tagging operations, in addition to the rather intensive daily
observation, this total was surprisingly small., When Dr. J.
B. Low (field notes) visited the area in the spring of 19,9,

a totel of 12 dead muskrats were found in one dav. No
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causes were listed.

During the svring tranping season this writer found 2
dead muskrats and the Stokes brothe;s found 3. All of these
were fresh enough to be skinned., Nothing could be detected
in 1, 2 apneared to heve gastric enterlitis, 1 apparently
starved to death end one died as a result of a former wring-
off. The observed losses anpesred to be gulte sméll con-

sidering the size of the populstion.

Parasites

One-third of the nestling muskrats observed in the
houses, as well as about 10 vercent of all adults, were
obviously Infested with mites., With the exception of 2
neétlings which were literally covered with these arthropods,
the infestation did not ap»ear to be excessive,

Upward of 20 adult muskrsats were ~iven macroscopic
intestinal examinations. No evidence of endoparasites was
seen. Slides of caecal matter from an apparently sick

female showed a nematode cyste and a single Trichomonas sp.

Toward the end of the trapping season the feeling of
every trapped muskrat's ears for ear tags produced 3 female
ticks from 2 muskrets. These muskrats were on the extreme
lower Bar ¥ Marsh, 2 miles from the nearest greasewood &rea.

Kohls*identifisd them es nrobably Ixodes muris Bishop and

Smith. Positive identification would require males which
were not in evidence. KXohls remarked that hitherto this

specles has not been reported west of liichigan where there

* Personel letter to writer from Mr. Glen H. Kohls, Rocky
liountain Laboratory, Hamilton, lMontana, dated April 18, 1951.
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is 1 record of a female I. Muris from a muskrat in Massa-
chusetts. The 1solated avnearance of I. Muris at Locomotive
3prings is probably snother ramification of the importation
of the "black muskrats.”

Three out of every l. jeckrabbits that had died of

tularemia were infested with the tick Dermacentor parumap-

terus Neumann,
The ectoparasites collected from a cottontail rabbit

on the Bar M Spring were identified as the flea Cediopsylle

inaequalis Bsker,

Predatorsr

Fast studies have shown that a large percentage of a
coyotes diet 1is furnished by the muskrat on Utesh marshes
(Low, 1950), Twighty-two coyotes secats collected by Low
in April, 19L6, at Locomotive Springs and snalysed by
2ldon Smith (field note) showed muskrats occurring in 65
with a frequency of 79.3 vercent. licrotus svp. gave com-
varable figures of 67 and 81.7 percent.

John Anderson told the writer theat coyotes were
"numerous” on the area prior to state acquisition. Although
about 200 coyotes were taken from area immediately surround-
ing Locomotive Sorings during the winter of 19,1-li2, there
was no indication of damage to the muskrats by coyotes (memo
in the Uteh Cooperative Wildlife Research Unit file).

In May, 1945, Low (field note) reported finding =a
number of coyotes dens on the knolls west of West Locomotive

below the dikes., He collected 60 to 70 scats from this
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denning area.

The polsoning campaign of the Fish and Wildlife 3ervice
hes definitely reduced the potentiality of extensive coyote
predation., A close check was kept on coyotes during the
study period. Two bitches with their litters were the sole
summer resident coyotes. Two additlonal adults crossed the
areg but epparently did not linger thers. One of the litters
ranged around West Lake, the other the Off Marsh and east-
ward., There were 5 pups in the West Lake litter. During
the first low water veriod on West Locomotive, thelr tracks
were continually encountered along the stream bank. On
two occasions they attempted the digging out of muskrat dens
(figure 19). In these attempts they apparently weren't
guccessful as the dens remained actlve,

Three of the pups of the VWest Lake litter and one of
the Off HMarsh litter were collected. From the evidence
these coyotes did prey on the muskrats--especlally those
exposed by lowered water levels. The smount of work put
into the attempted digging out of the dens would indicate,
however, that they were not subsisting on muskrats alone.

A coyote's natural adversion to water would indicate that
the muskrat populstion situated with stable weter levels
woyld not be greatly affected by coyote predation. Lowered
water levels on the other hand would lncrease the predation.

A note on waterfowl 1s indlcated here. The nesting
ducks and geede appear to concentrate on the Bsker's and
lower West Locomotive Marshes for thelr post-nuptial molt,

While In this condition they are very exvosed to coyote
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predation as evidenced by observations made by the writer
with his dogs. Control of coyotes 1is indicated by this
study, but their totel effect, except when accentuated by
the fluctuating water levels, 1s not limiting.

The coyote population on the area during the winter
waes low, Apvarently no more than 3 were on the gres at
eny one time. Coyote hunters in airplanes flew over the
erea several times during the winter. Thls avpears to bé a
regular procedure. Une pup was killed by them{on Teal larsh.
The lowsr marsﬁes were frozen over with . inches of ice and
the houses themselves were frozen. As almost ell muskrat
activity wes confined to beneath the ice, very little pre-
dation could heave occurred.

Other mamnalian predators were very little in evidence.
The track of a large male mink was seen on Off lMarsh in
June. The remains of 2 muskret kits eaten by it were found
in a nearby house.

01d mele mink are well known for their wandering. The
fect that no mink were ever reported as being trapped at
Locomotive Springs indicates that mink predation can be
largely discounted.

although the study areea appears as 1f 1t were an ideal
habitat for weasel, only 2 weasels inhebited the area. In
sddition 1 wessel that had died in the spring of 1950 was
found near VWest Pond., -

Skunks were previously reported on the ares but were

absent during the study year. A spotted skunk was observed

et Lonument Point during the winter of 1950-51.
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Only one swift fox has ever been observed by the cattle-
men on the area. That was in 19L),

Badgers occur there but are not numerous.

Poﬁching was reported by John Anderson prior to 193k,
The distance and reduced rmskrat population would tend to
raduce the loss by this source. The catt}emen reported

secine no evidence of 1it,

Table 19, Owl and hawk pellet znalysls, fall and winter,

19h9-50, Locomotive Springs Refuge.

Food Item Bar 1 Toer OIT West Toco.
Oc. Freq. Oc, Freaq. Gc. Ti'req. Oc. freq.
Ondetra 3 5.3 0 0.0 9 19.6 0 0.0
Microtus 30 52.6 0 0.0 9' 19.6 12 80.0
Feromyscusg 2 3.5 0 0.0 0 0.0 0 0.0
Dipodomys 0 0.0 2 65.6 L. 2.6 0 0.0
Lepus 0 0.0 0 0.0 2 L.3 2 13.3
Sylvilagus 0 0.0 0 0.0 0 0.0 0 0.0
Sorex 0 0.0 0 0.0 0 0.0 0 0.0
Unident.
rodent 1 1.7 RS 0.0 0 0.0 0 0.0
Bird 10  17.5 1 33.3 15 32.6 1 6.6
Ege 0 0.0 0 0.0 2 e 3 0 0.0
Insect 10 17.5 0 0.0 Iy 8.6 0 0.0
Cattle hair 0 0.0 0 0.0 0 0.0 0 9.0
Plant 1 1.7 0 0.0 0 0.0 0 0.0
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The area supperted an estimated summer population of”

12 short-esred owls along with a varying number of marsh

hawks. The only direct predstion observed wss seen when a

female marsh hawk killed a young jackrabbit early in June.

llowever the collection of pellets was carried on during

the observational trips.

tsbles 19 and ~0.

The results are tsbulsted in

Table 20, Owl and hawk pellet analysis, s»ring, sumier,
and fall, 1950, Locomotive Springs Refuge.
Food Item arshes
Bar M Teal orr West Loco.
Oc, Frec. Oc, TIrea. Oc., <irean. Oc. Freq.
Ondatra 28 20.3 6  12.8 10 13.7 12 10.2
{icrotus 37 26.8 17 36.1 1 56,2 73 61.9
~Peromyscus k. 2.9 0 0.0 1 1.l 0 0.0
Dipodomys 0 0.0 3 6.3 0 0.0 Ly 3.5
Lepus 3 2.3 0 0.0 3 hel 0 0.0
Sylvilagus 1 0.7 0 0.0 0 0.0 0 0.0
Sorex 1 0.7 0 0.0 0 0.0 0 0.0
Unident,
rodent 2 0.7 0 0.0 3 DD 0 0.0
Bird 28 20.6 19 Lol 10 13.7 26 22,0
Rgg 0 0.0 0 0.0 0 0.0 1 0.8
Insect 30 21.7 2 .2 3 L0 0 0.0
Cattle hair 0 0.0 0 0.0 L. L 0 0.0
Plant 3 2.3 0 0.0 1 1.l 2 1.6
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The pellets when collected were classified as old or
current. The old probably represent, fall and winter
pellets, 19):9-50, while the cﬁrrent ones represent s-ring,
summer and fall, 1957, There is definite increase in pre-
dation during the sumer compared witih the winter. Fifty-
seven winter vellets were examined on the Bar i Marsh in
the early svring of 1951. lo occurrance of muskrat was
detected and the predominant spccies rerresented was the
meeadow mouse (Microtus so.).

Errington (1932) reported that whereas the bones in owl
pellets are not greatly broken they are in the pellets of
marsh hawks. It wes attempted to separate the collected
pellets by thils technicue, as well as by size--the larger
ﬁeing those of the owls. DBut the presence of many pellets
of intermediste bone breakage and size precluded ahy definite
separation. A few nellets were definitely those of hawks,
but they were in the minority., Therefore all pellets are
tebulated together.

cvidently the muskrat population is as well nrotected
from owls and hawks in the winter &s it 13 from coyotes. The
hichest predation on muskrats occurred on the Bar I larsh,
As ﬁhis area was not trapped the yéar previous while the 2
other lower marshes were, the initial vopulation density
would be highest on the Bar i liersh, Increased predation
would follow from the greater relstive availability.

Marsh hawks contribute torthe nunber of damaged pelts
early in the spring seasm by eating on trenpsed muskrats,

For some unknown reason this type of demege droovned to near
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zero after iarsh 1l0th.

Crows and ravens are common over the area throughout
most of the year. Two raven nests were found on the study
area, The effect of these birds unon the muskrat popula-
tion was probably light. However, if the muskrat population
was exposed by drought conditions, one could expect & lerge
Influx of these birds. During Janusry a party of 1l rabbit
hunters hunted the area between Bar i and Sparks Springs
killing & large number of Jackrabbits. The previous crow
and raven population of 1 or 2 per day was suddenly incresased
to an estimated 50 the day following the hunt. Other avian
predators possibly include the members of the heron family,
gulls and pelicens, Thelr effect, if any, is orobably low,

Snakes were not numerous enough to have much effect in
‘predation.

Cattle

The possibility of large scale losses to the muskrat
vopulation by cattle wintering on the aree was closely
investigated. The pattern of cattle distribution through the
winter has an important bearing on this subject. The adverse
effect of the cattle on the muskrat would vary directly with
the severity of the winter. The winter of the study period
wes relatively light; 3till the patfern could be discerned.
The bulk of the range stock that was in good condition was
wintered on the dessert north of the refﬁge. Thils herd was
continually cut-through and the springers, cows with calves,

and the weaker animals were moved down onto the refuge. In
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very severe winters, as in 191,8-49, most or all of the -
cattle were moved ontoc the refuge. A further segregation

on the seme line occurs within the refuge~-the stronger
animals of thls group being wintered on the other marshes
and spring runs and only the weeker ones being fed hay and
grain on lower DBakerts. The totasl number of cattle winter-
ing there was not tmown, because it 1s a pooled outfit,
However, the totel number of cattle wintering both on and
north of the refuge is between 1,000 and 1,200 head.

On the lower masrshes the cattle confined themselves to
the salt grass borders of the marshy areas during the winter
of 1950-51. The number of houses destroyed by cattle action
on the Bar M Marsh was typlcal of the lower marshes=--1l,17
percent of the total sactlve houseé. The destroyed houses
were constructed in the salt grass area (figures 12 and 13).

Figure 10 shows the effect of grazing upon Phragmites

comnunus Trin, on the heavily grszed winter runs, On West

Lake 60 nercent of the muskrat houses were damaged or destroyed
by cattle, The lower marsh areas are relatively secure from
cattle damage as long as the 1lce 1s thick enough toc safely
support the cattle, Reports by the cattlemen indicate that
moat of the tromping of houses occurs when the ice is bresking

up.

Cattie wintered on the area all the time that the former
large muskrat ylelds were obtained., It would seem doubtful,
therefore, that cattle would be a major csuse of the muskrat

reduction. In a severe winter, as in 19h8-49, when the

suprly of hay 1s exhsusted prior to the svring breakup, a
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large loss in the muskrat population is to be expected.
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MANAGENMENT RECOMMENDATIONS

Any management recommendatlions for the refuge must

consider that the muskrat 1s secondary to the vrimery
purpose of the area--namely, a waterfowl refuge. However,
the efficient mzanagement of the mus:irat both increases the
waterfowl habitat, and provides an income which should more
than pay for the cost of improvements.

The primary recommendation for the study area is the
stebillization of the water levels., All other Improvements
would be more or less ineffective 1f this one limiting factor
were not removed. There are several ways of accomplishing
this, but »rimary to all of them is the determination,
setting and maintenance of specified flows to each area tﬁat
would not be varied.

As the largest vart of the waterfowl and muskrst habi-
tat 1s connected with East Lake, this area should be stabil-
ized if complete stabilization of both lakes cannot be
attained. If the flow over the Ber M Soring spillway was
stabilized, then this entire Hast Lake area would become
stable.

Permanent weirs and measuring devices should be installed
on all the springs, and measurements taken to determine the
natural flow of the surings.

All chenges in water flow'settingsAon the spillways
should be done accurstely snd with both cattlemen and state
personnel present., In addition the settings should be locked

to keep unauthorized.persons from changing them. All gates
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should be maintained so they would not be clogged by debris,
The small natural flow of Sparks Spring (0.78 cubic
feet per second), now diverted from its former channsl to )
Esst Lake, would be of more velue to weterfowl and muskrats
if allowed to return to 1ts former chennel. The original

Scirpus olneyl still mailnteins itself there (figure 21), and

this change would create valuable new habiltat for both watere
fowl snd rmuskrats.

Controlled burning is recommended on the Off and Bar N
larshes, Over lafge areas of these m&rshes the rank mat of
past years' growth prevents sufficlent light vassage to
allow the current years crop to groﬁ.(figure 11). Spring
burning‘of these areas every third yesr would incresse the
available marsh habitat for the inhsbitants,

Teal Marsh with its ditch-like character (figures 20
end 28) 1is very inefficient in waterfowl and muskrat production
due to its low edge effect. DBlasting spreader ditches across
the main chaqnel at regular intervals would greatly increase
the aquatic habitat on this marsh. The seme technigue should -
&lso be applied to the Bar M lersh., There the entire east
fork has silted in and the west Tork is undergoing the saune
process, Delow, on the storm line, & lerge flow of water 1s
wasted. This water could be spread much more than it is now,

If the lakes are to be regularly drained they should
be re-filled from the s»oring run-off (February and March).

If attempted later it would necessitate a serious decrease
in the flows to the lower marshes.

Regular house and den surveys should be taken and the
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trapring regulated from the results of these surveys.
Accurate tallles of the cateh from esch area should also be
lkent.

The white underfur factor should be checked both for 1its
derreciatory effect, and for dominance by breeding 1t with
normel muskraets., If it 13 dominant, care should be taken
thet it does hot spread to other sereus.

There are very few areas where the muskrat 1s as iso-
lated &s at Locomotive Springs. This arsa would therefore
be ideal for experimentling with nutrie and other aquatic
exotics,

It has been said that the reason that this refuge has
not 1ad the attention that similar state refuges have had is
that too few hunters visit it to meke it worthwhile. This
writer believes the converse. There are no signs on U. S,
iltghway 30 dirscting hunters to the refuge. The best water-
€ow1'hunting occurs during wet weather, yet that is the time
that 1t 1s the hardest to get to the arsa, Although an all-
weatier road exists to within 1 mile of the refuge, it 1is
not narked. The shorter route from Snowville would probably
be tried by the newcomer, Thls ls impassible in wet weather.
fhe short stretch of road from the rallroad grade to Baker's
Spring should be graveled and graded, and the entire Hansel
Valley route marked for wet-weather travel.

Instellation of cattle guards insteed of wire gates
wonuld decrease much potentiel friction between hunters and
cattlemen.

ilany hunters Imnew nothing of the marshes below the
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dilzes. 'A vpermanent map at Bar K Spring would correct this.
As long as the East lLae dilke is impaésible Tor vehicles
it should be so marked, as it is very difficult to turn
avound once on the dike.
The Loconmotive Snrings Refuge hes great potentialities,
but these have to be brought out--they won't come out by

thamselves,
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CONCLUSIONS

Although the study yesr proved to be atypical in that a
relatively larée number of muskrets was harvested, the patterns
of past events were in evidence.

The reduced muskrat productivity of Locomotive 3orings
First occurred after the constrﬁction of the dikes. In
general this reduction éxisted over the entire refuge and
wes continuous for 1l yesrs. This widesvread continuity would
indicate a general csusative fector that was assoclated elther
with the dikes or with state ownership. There were only 2
factors that fulfilled both of these stipuletions--namely,
undertreoping and water level fluctuation,

Undertranning was strongly indicated by the trapping
records--especially the period from 1935 to 190. The
absence of extensive eatouts would, however, indicate that
.tﬁis faétor was not limiting in itself.

Water level fluctuetion was indicated by both the past
efTect and present nattern. The inﬁibiting effect of this
1 1imiting fector has in.turn ampliflied the effect of other,
usuelly non-limiting, factors such as plant successlon,
water flow reapportionment, undertravping, predation, and
reduction in natural spring flow. The effect of this
combination of factors upon the muskrat populatlon was decl-
sive--instead of thriving, it merely exilsted.

The particular muskrat population at Locomotive Sorings,
because of its tanlstion and the importation of &an alien

race of rmuskrats, has apparently evolved to a hybrid racial
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status. Concurrent with this chenge has been the appearance

of a detrimental pelsasge character,
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SUMMARY
A 95 percent decrease, extending for a 15 year period,
in the yleld of muskrat relts from the Locomotive
Sorings lllgratory Waterfowl Refuge, Bnx Elder County,
Utah was 1Investigated in 1950-51,
A reduction in the natural flow of the svrings was
noted. This may amount to as much as 208 percent.
Whereas formerly the irrigatlion of the hay lend
affected only that hay land, the lrrigation now affects
the water levels over the sntire refuges.
Cattall has been largely replaced by bullrush in the
marshes probably as a result of fluctuating water
levels.
Wast Lake which formerly was the highest duck-food
producing lake in the state hes been reduced to near
barrenness by fluctuating water levels,
The racs of muskrats on the area epvears to be the east-

ern nuskrat, Ondatra zlbethica zibethica L., instead of

the indlgenous Rocky liountaln Muskrat, 0. Z. osoyoosensis

Lord, This follows a former introduction of Canadlan
muskrats,

A detrimental pelage character exlsted in 92.3 percent

of the mnelts,

Although undertrapping was Indicated by the records since
state acquisltion, it was not in evidence during the
study year,

The evaluatlon of several methods of deriving age ratlos
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was attempted.

The hervest of-muskrat pelts in the soring of 1950-51
was 1,766 or 77 percent of the former minimum yleld,
The sex ratio of 780 muskrats trapped was 11,8 males
per 100 females.

The age ratio of the marsh muskrats was 3..L juveniles
per adult pair, whilec for the stream areas it was 2.8.
The average number of placental scars per adult Temale
was 16.5 for the stream areas and 16.9 for the marsh
areas,

The average juvenile mortallty was 30 percent.

The 1951 breeding season was 3 or more weeks later than
at Ogden Bay Bird Refuge.

The harvest on the marsh areas produced O.?Z'muskrats
per acre and 2.31 muskrats per house.

Tﬁe rmuskrats trapped were not as large as vpreviously
reported. The average welght was 993.l. grams.

Food was not a limiting fector.

A severe eplzootic of tularemia occurred in the Jack-
rebbit population but did not affect the muskrats.

The first Western record of the tick Ixodes murls

Bishopp and Smith was probably made,.

Predation during the study year wes non-limiting.
Damage to the muskrat population by cattle was not
indicated,

Several recommendations for masnagement are gilven,
The study indicated that the past low yields were

results of fluctuating water levels amplifying other



usually non-limiting factors,



95

LITERATURE CITED

Anonymous
1932 More waterfowl by asslisting nature. HNew York:
Hore geme birds in Ameriea. 106 pp.
Anonymous
1938 Soils and men; the yearbook of agriculture.
Weshington, D, C. U. S. Department of Agricul-
ture. 1232 pp.
Anonymous
1941 Climate and man; the yearbook of agriculture,

Washington, D. C. U. S, Department -of Agricul-
ture. 1248 pp. ,

Aldous, Shealer E.
1946 Live trapping and tagging muskrats. Journal
of Wildlife Management 10 (1):l2-Ll.

Anthony, H. E. ' ~
1928 Field book nf North American mammels, New York:
G. P. Putnem's Sons. 67k pp.

Applegate, V. C, and H, E, Predmore Jr,
1947 Age classes and patterns of primness in a fall
collaction of muskrat pelts., Journal of Wild-
1ife Management 11 (l):32h-330.

Bachrach, Max
1949 Fur, a practiecal treatise. New York: Prentice-
Hall, Inc, 672 pp. : o

Beer, James Robert
19&9, Studies on reproduction and survival in Wiscon-
sin muskrats. Unpublished manusecript, University
. of Wisconsin, Medison. 86 pp. :

Bellrose, Frank ¢, and bouls G. Brown ,
1941 The effect of fluctuating water levels on the
muskrat population of the Illinoils River Valley.
Journal of Wildlife Management 5 (2):206-212.

Bellrose, PFrank C. and Jessop B, Low
1943 The influsnce of flood and low water levels on
the survival of muskraets, Journal of Mammalogy

2l (2):173-188,

Carpenter, Everstt . '
1913 Ground water in Box Elder and Tooele Counties,
Utah, Washington D, C. U. S. Geoclogical Sur-
' vey Water Supply Paper 333. '



96

-

Christiansen, J. E. -
1947 lieasuring water for irrigation. Berkley: Uni-
verslty of Callfornia Agricultural Experiment
Station Bulletin 588,

Cook, Newell B.

1932 Biemnial report of the state fish and game
commlsslioner of the state of Utah for the
biennium July 1, 1930 to June 30, 1932. Salt
Lake Clty, Utah,

Cowan, lan McTaggart
19,8 Preliminary wildlife survey of the Mackenzle
Delta with speclal reference to the muskrat.
Unpuhlished manuseript. Copy at the Utah
Cooperative Wildlife Ressarch Unit, Logan,
Utah,

Dozier, Herbert L.
19&5 Sex ratlos and weights of muskrats from the
Montezuma National Wildlife Refuge. Journal
) of Wildlife Management § (3):232-237.

Errington, Paul L.
1932 Technique of raptor food habits study. Condor

1937 Drowning as a cause of mortality in muskrats,
- Journal of Mammalogy 18 (li):197-500.

1939 Observations on young muskrats in Jowa. Journsl
of Mammalogy 20 (k):ﬁ65-h78.
1908 invirommental controls for increasing muskrat

production. Transactions of the North American
Wildlife Conference 13:596-609.

Gashwiler, Jay 3,

1950 A study of the reproductive capacity of Maine
muskrats, Journal of Mammelogy 31 (2):180-~18l.

Gilbert, Karl Grove
1890 Lake Bonnevills, Washington, D. C. U, 3,
Geological Survey Monographs. Vol. 1:1,28pp.

Hegan, W. A.
19,8

The Infectious disesses of domestic animals.
Ithaca, N. Y.: Comstock Publishing Co. 665 pp.



97

Hodgson, Robert G.
1930 Successful muskret farming. Toronto, Canada:
. The Fur Trade Journal of Canada. 368 pp.

Karpoff, S. P. and N, I. Antonoff
1936 Spread of tularemia through water, &s a new
factor in its epidemlology. Journal of Bsac=-

terlology 32:21:13-258.

Lay, Daniel W. and Ted O'lNeil
19h2 liuskrats on the Texas Coast. Journal of Wild-
life Management 6 (l1):301-311.

Low, Jessop B.
1950 Muskrat investigations on Uteh marshes. Unpub-
lished menuscript. Utah Cooperative Wildlife
Ressarch Unlt, Logan, Utah,

Lyneh, John J., Ted O'Neil and Danlel W. Ley
1947 Management significance of damage by geese and
muskrats to Gulf Coast marshes. Journal of
Wildlife Management 11 (1):50-76.

Marshall, W. H,
1937 Muskrat sex-ratios in Utah., Journal of Memmal-
ogy 18 (}):518-519,

McAtee, W. L.
1939 wWild fowl food plants, Ames, Iowa: Collegiate
Press Inec, 111 pp. '

lleinzer, Oscar I,
19)9 Hydrology {(Volume IX, FPhysics of the Zarth).
New York: Dover Publications, Inc. 712 pp.

KeCann, Lester
194 Notes on growth, sex, and age ratios, and suggest-
ed management of kinnesota muskrats. Journal of
llammelogy 25 (1):59-63,

lieyer, Marvin C. and James R, Rellly
1950 Parasites of muskrats in lMeine. American iiid-
lands Naturelist Ih (2):L467-477.

Petrides, George A.

1950 The determination of age and sex ratlos in fur
enimals, Americen Midlands Naturalist [13 (2):
355" 3820
Shanks, Charles E, '
1948 The pelt primeness method of aging muskrats,

American Midlands Naturalist 39 (1):179-187.




Shillinger, J. E,

1938 Coceidiosus in muskrats influenced by water
levels, Journal of Wildlife Manegement 2 (li):
233-23l).
Snoter, Clarence A.
1946 Muskrats on the Tule Lake Refuge, California.

Journal of Wildlife Management 10 (1):33-37.

Stensbury, Howard
1852 Exploration and survey of the valley of the
great salt leke of Utsh, Philadelphia: Lippin-
cott Grambo and Co. UI87 pp.

V?Viebe A. I{ .
19hé Improving conditions for migratory waterfowl
on T, V. A, Impoundments. Journal of Wildlife

lenagement 10 (1):h-7.

Willilams, J. 3tewart
1948 Geologicel studies in Utah (Seventh annual
faculty research lecturse). Logan, Utah: Utah
State Agricultural College. 2. Dpe.



99

?1guro 2., Baker's Spring run with the water
turned off at Baker's Spillway for

haying.

g run with the water
turned on at Baker's Spillway to
water some far knolls.

Figure 3. Baker's Sprin
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Pigure 4. Off Spillway showing type of spill-
way and clogged condition.

Figure 5. Break in dike 120 yards east of Teal
Spillway. Basic cause of break was
non-rock fill on old stream channel;
secondarily by muskrats.



Figure 6. Bar M Spring looking north. 0ld dam
in foreground.

Figure 7. Off Spring run immediately below Off
Spring showing small size of natural
flow.
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figure 9. Temporary ioir on Spﬁ;fﬁ
below dam.

Diveraion
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Figure 10. The effects of differential grazing
on Phragmites communis Trin., West
Locomotive Spring run. Cattle on
near side; not on far side.

Figure 1l. Dead areas of matted Scirpus Olneyi
A. Gray of past years, Teal Marsh.



Figureri2:vﬁuskrat house on East Lake deatroied
by cattle, 1949-50.

Figure 13. Muskrat houses undamaged by heavy
cattle grazing, Bar M Marsh, spring,
1951.
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Figure 15. Muskrats start to move as soon as

the ice begins to break up in the
spring.
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Figure 16. Muskrat house in oldistackyard:_lower
Bar M Marsh, showing the change from
dry ground to marsh.

Figure 17. Muskrat house left dry by East Lake
draw-down following the hunting sea-
son. Muskrat tracks(by hatchet)show
mid-winter surface movements not seen
in well watered areas.
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Figure 18.7k1ddi§ Off Marsh lookiﬁg northji
Scirpus Olneyi A. Gray in foreground.

Figure 19. Muskrag_den on West Pond that coyotes
had unsuccessfully attempted to dig
out.
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Figure 20. Upper Teal Marsh éhowingﬁﬁhe ditch-
like character of this stream.

Figure 21. The former Sparks channel below the
diversion dam. The marsh vegetation

stlll persists although the stream
has not flowed for 15 years.




Figure 22. A small isolated patch of%zpha
latifolia L. on the lower Bar M
Marsh.

Pigure 23. Large aréa d;voidAofwémergentbveget-
ation, lower Bar M Marsh.
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Figure 24. The effect of the 10 inch draw-down
on East Lake following the hunting
season. Looking southeast from the
west dike. The barrow pits(fore-
ground)remained lethal to cattle.

Figure 25. Goose nest on muskrat house, léver
Bar M Marsh.
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Figure 26. Aerial photograph of middle Baker's showing the
spotty nature of the haying.
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Figure 27. Aerial photograph”dfgi;wé; Bar M Marsh Qhowing i3
the areas devold of emergent vegetation.
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i’c‘igure 28. Aerial photograph of Teal Marsh 7shdiitig the
ditch-1like character of this marsh.
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Figure 29. Aerial photograph 6f Baker's Spring showing the

spillway and interconnecting canals.
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