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WILLOW AND ASPEN IN THE ECOLOGY OF BEAVER OI
SAGEHEN CREEK, CALIFORNIA

Joseru G. HaLr
Museum of Pertebrate Zoology, Berkeley, Galifornial

IntrODUCTION

Like many other mammals, beavers thrive in
sub-climax vegetation. Specifically, they often
flourish where fire has been followed by ap-
pearance of Quaking Aspen, Populus tremuloides.
This tree is the one most commonly felled for
food and building material by beaver and its dis-
tribution is remarkably similar to that of the
beaver,

Where beavers do occur in the absence of aspen,

they usually depend on willow. Various species
of Salix are found even more widely distributed
than aspen, and very few beavers maintain them-
selves outside its range although they may tem-
porarily subsist on such unlikely forage as sage-
brush or cornstalks. As a matter of fact willow is
often abundant in conjunction with aspen, and
West and Rasmussen (1947) feel that willow,
not aspen, is the key plant in beaver habitat.

The primary purpose of this siudy has been
to analyze and interpret patterns of use of vary-
ing supplies of willow and aspen at 3 beaver
colonies in the northern Sierra Nevada,

Several investigations similar to the present
one have been most helpful and interesting for
purposes of comparison. Notable are those of
Aldous (1938) in Minnesota, Bradt (1938) in
Michigan, Gese and Shadle (1213} and Tevis
(1930) in New York, Haas (1943} in Utah,
Haseltine ( 1948) and Hodgdon and Hunt (1953)
in Maine, and MacDonaid (1956) in Colorado.

TuE STuDY AREA AND ITS VEGETATION

Sagehen Creek, about 8 miles north of Truckee
in Nevada County, drains a basin approximately
12 miles long on the east flank of the Sierra
Nevada. The stream empties into the Little

Truckee River. Along its easterly course it drops

from an elevation of 8000 to 5800 feet.

Quaking Aspen, Populus tremuloides, and 4
species of willow—Salir cordata, S. glauca, var.
wvillosa, §. Lemmnonnii and S. argophylla—consti-
tute the principal forage species for beavers. The
willows are found in wet sites or along the border
of the stream for alimost its entive length, Aspen
oceurs where the soil is relatively mwoist, but it

! Present address: Department of Biological Science,
San Francisco State Cotlege, San Francisco, California.
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is less restricted to the immediate vicinity of the
stream than are willows. The distribution of aspen
along the length of the creek is decidedly spotty.

Aspen stands typically spring up in the wake of
forest fires. Most of the Sagehen basin has been
tumbered and burned over. Mr, Charles B. White,
a retired Truckee banker, recalls that much lum-
bering was going on in this area when he arrived
in 1896, and it continued until about’ 1910. More
than half of the 25 aspen trees aged by core-

samples took root during the 1910-1928 period;

the rest were established randomly from 1840 to
1890. This suggests that much of the present
stand of aspen had its-origin in fires immediately
following the lumbering operations recalled by
Mr. White.

Woody plants known to be cut by beaver on
Sagehen Creek are:
' heavily

Quaking Aspen
heavily

Willows
Mountain Alder fairly heavily
Ceanothus velutinus very lightly
Currant lightly
Lodgepole Pine very lightly
White, Fir lightly

Grasses ' unknown extent

Although aspen and wiilow were the most im-
portant items cut by beaver, almost every woody
plant was cut to some extent. White fir was often
felled and was always barked in a characteristic
way. Whereas the bark of the stump and lower
trunk of felled aspen was almost always ignored
in favor of the bark and twigs of the smaller
terminal branches, the opposite procedure was
followed with fir. There is apparently some in-
gredient present in bark or sap of the hasal part
of firs which is sought,

Mountain Alder, Alnus tenuifolio, especially in
the upper reaches of the creek, is a conspicuous
streamside plant and is used to some degree by
beaver. Lodgepole Pine, Pinus contorta, is an-
other conspicuous tree which is restricted to the
vicinity of the stream and is often killed by flood-
ing of the beaver ponds. Both the Jeffrey Pine,
Pinus jeffreyi, and Ponderosa pine, P. ponderosa,
are abundant on the upland slopes, the former
occurring mostly above 6300 feet elevation.
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B. ;Nlhzte,. On the very highest slopes at the head of, the

;:uc v m(] basin and on one steep, cool north-facing slope
& arrve farther downstream are stands of Western White

710. More

Pine, Pinus monticola, White Fir, Abies concolor,
Red Fir, 4. magnifica, Mountain Hemlock, Tsuga
mertensiana, and Sierra Juniper, Juniperus sierra.

by core-
28 period;

m 1840 to complete the list of evergreens.
le present Ceanothus velutinus forms extensive stands of
nmediately « almost impenetrable chaparral on the burned over
zcalled by and logged over slopes at the head of the basin.
and farther down the watershed on the south-
beaver on facing exposures where it is mixed occasionally
with Manzanita (Arctostaphyios sp.).
Bitterbrush, Purshia fridentata, and Sagebrush,
Artemisia tridentata, particularly the latter, cover
rily fatter, drier sites, forming unbroken stands iu
y the lower reaches of the watershed,
v Description or Coronizs Stupien
’ Figure 1 shows the locations and extent of 4
extent of the beaver colonies, 3 of which were studied
i in detail. For the purposes of this study, Bradt's
: most im- (1938) deifinition of a colony was used: . . . 4
ery woody group of beavers occupying a pond ar stretch of
was often stream in common, utilizing a common food sup-
aracteristic ply, and maintaining a common dam or dams.
and lower " They Mmay or may not be living in the same lodge
ys ignored or burrows.”
ne smalier As shown in Figure 1, all the colonies expanded
edure was during the period of study. Only the Rockslide
© some in- colony vacated any of the original colouy site,

basal part Figure 2 presents detailed maps of the 3 col-
onies and shows the extent of aspen, location of

specially in my sampling areas, and various beaver-made fea-
P 3

onspicuous tures such as dams, lodges and ponds. Owing to
degree by F the nature of willow growth it was not practical to
“fg, is an- 138 map its extent in the various colonies; it grew
tted to the in clumps along the shores and on almost every
i by flood- little island, spit or exposed shoulder on the dams,
fre)'r Pine, Willow growth extends, roughly, from shore to
ponderosa, shore the length of each colony. )

he former The supplies of willow and aspen were highly
ation, variable from colony to colony. The Upper colony-
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ROCKSLIDE coLody

Fic. 2. Extent of aspen and location of sample plots
on the three colonies studied,

had abundant aspen but very little willow; the
Rockslide colony had almost no aspen and an
intermediate supply of willow; and the Lower
colony had an intermediate supply of aspen and
a great deal of willow, '

Porveation S12E, ACTIVITY AND BEmavior

For the results of the willow and aspen measure-
ments to he most meaningful a census of each
colony was necessary. Knowing the number of

animals per colony during a given season permits

one to calculate forage use on a beaver-day basis
and thus make comparisons between the colonies.
A census of each colony was made by applying -
the Lincoln Index method to the ratio of marked
to unmarked animals seen during evenings of
observation.

Trapping and Marking
Four Bailey live-traps, the type widely used by
the state trappers in the West and recommended.
by Bradt (1938). Grasse and Putnam (1950),
and Hodgdon and Hunt (1953), were used in the
sumimers of 1953, 1954, and 19535,
In the past most field workers have had good

- success ear-tagging beaver with monel metal,
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fingerling type fish tags, {Harris and Aldous
1946, Haseltine 1950, Rasinussen and West 1943).
However, an obvious field mark was needed for
the purposes of this study. Such a mark would
permit an observer to obtajn a Lincoln Index ratio
on the basis of sight records rather than the less
efficient method of re-trapping. In addition, ac-
tivity and behavioral differences, if any, could be
observed among individuals in a colony. The
method finally adopted was notching the tail by
means of a large-size pig ear-notcher. No more
than 2 notches per animal were necessary. Beavers
showed little or no reaction or bleeding and the
marks have remained easily visible, in one case
for 5 years. Recently David Taylor, studying
these same colonies, has had good success marking
beavers on the tail with waterproof spray enamel.
These marks last at least a month and are much
fmore easily recognized at a distance than are tail
notches. In some cases scars and other natural
marks on the dorsal surface of the tajl were found
to be reliable field marks.

Sexing the animals was accomplished by ex-

ternal palpation for the penis bone as described
by Rasmussen and West (1943), and ‘as demon-
strated by Clyde J. Shehorn, state beaver trapper
for the California Department of Fish and Game.
The method of palpating the testes, described by
Osborn, (1955) was tried several times during
the 1955 season with indifferent success, probably
because of inexperience on my part.

Population Estimates

In the 1954 season 5 individuals were trapped.
at the Upper colony. The breeding female ang
one kit were found in the traps dead of exposure,
and another kit, although releaged alive, was in
very poor, condition at the time and was thought
to have succumbed shortly after its release, An
adult, probably the breeding male, and a yearling
female were trapped, marked and released with-
out injury. A 6th beaver, probably a yearling, was
never taken in the traps but was occasionally
observed. The colony is thought to have consisted
of a pair of breeding adults, 2 yearlings and 2
kits at the start of the 1954 season. Following
the trapping losses, 2 yearlings and the adult
male remained.

Evidently the loss of the breeding female was a
serious blow to the colony, for in 1955 only 3
animals were observed, They were the aduit male
and the animal taken as a yearling in 1954 phys
an unmarked individual thought to be the same
unmarked beaver seen in 1954, No kits were seen
here in 1935, presumably because the 2-vear

1934 1953
Upper Colony

=4 +—(breeding)

IS IISS
Rockslide Colony

Number of Beaver

Txits
EEA sub-adulis (1 a2 years old}
BT adults {breeding)

1934 1938
. Lower Colony
Fi6. 3. Beaver population estimates for 1954 and 1935,

old female was not in breeding condition. Osborn
(1953) found that only about 20% of the 2-yéar
olds examined by him had bred. g

At the Rockslide colony the adult female also
was killed in the trap in 1953. The subsequent
population of this colony in 1954 was 4 animals,
inclucling an adult male and 3 smaller beaver, but
no kits. It is significant that here, as at the Upper
colony, no kits were seen in the season following

one in which an adult female was killed, indicating - ..

that none of the Z-year old females had replaced
its mother as.a breeding female. In 1955 repro-
ductive activity resumed and the population rose to
6, including the breeding male marked the pre-

vious season, g lactating female, another animal

about the same size as the lactating female and
three kits.

The only year in which beaver were trapped
and marked at the Lower colony was 1955. In that
year the population was thought to consist of 12
animals. An estimate of 10 beaver, based only on
observations of unmarked individuals, was made
for the previous year.

Figure 3 swmmarizes population estimates for
the 3 colonies,

ASPEN
In this phase of the study the problem was 2-
fold: 1) to measure the available amounts of
aspen, of assorted sizes, and 2) to measure the
rate at which the beaver were cutting the trees.

Ecology, Vol. 41, No, 3
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' %1 Methods TabrLe I. Number of aspen trees within 100 feet of Pond
Kl A sampling method was employed for calcula-
;ﬁ_ tion of availability of the different diameter v Corony
g classes of aspen trees, in terms of density per ear Upper | Rockslide | Lower
g’ unit area. After the extent of aspen cover had 2150 0 3160
=z been mapped, the density figures from the samples 2700 230 2190
were pivjected to estimate the total amount of 2300 200 1635
i aspen available at the colony. Weight of bark
i by rlering to measuremencs race 1 Mimmasors . 1 Maps. Aspen cover at the Upper coony
; by Aldous°(1938). Although growth character. was e:ctenswel.Q TI;C;'Z was 1vc—:ry l1ttie of tlncsi spe-
istics of aspen may well be different in the Sierra, ;:ﬁiuii ,:th e;he EZ:{;_ i Ot[:;Jnony anc 2 moderate
the use of Aldous’ data was still the most prac- The auest: oony .
tical method under the circumstances. € question now arises: just how mucl’} aspen
Sample plots, 10 by 100 feet in size, were laid at a gpwen colony 15.reasonably accessible to
out in a direction perpendicular to the shore line heaver ? The tree growing 100 _va_rds from shorg
and were subdivided into ten, 10 x 10 foot squares. o n?t b? considered to be as‘avallablc as one at
old) On the yearly runs of these samples, conducted the ater's edge. AIthough‘ d1§t.ance from water
at the end of August or early in September, note certainly must decrease ava]lab%lity, sox?aewhe}' ¢
% was made of the number and diameter of trees 'S NeCessary to draw an arbitrary line within
& stan ding and felled on each 10 x 10 foot subsec- which to confine the measurements. Hodgdon and
tion. Placement of these “spoke” samples was not Hunt (1953) state that beavers rarely traveled
random. Instead, one or more plots were estab- more than 100 yards from Awater. Hammond
1955, lished in each large aspen stand, the number of (1943) observed t'hat they trave}ed .200 yards.
orm plots depending upon the size of the stand. A Bradt (19:38? cons1dered_that ordlxlflrxly 200 feet
ear deliberate effort was made to place the plot so. was the h{mt, but ment:oned an instance of a
that it would be as representative as possible of heaver cutting aspen as far as 650 feet from shore.
also that starid. Locations of all these samples are Onl_:' one of the 5 colonies studied by MacDonal.d
ent shown on the maps of the colonies (Fig. 2). (1956) cut 200 fet'at from _shore, the average maxi-
nals On each visit to a colony the diameters of all ™Mum distance being a.lxttIe less than 130 feet.
,bué newly-cut aspen trees were measured at stump For the purposes of this study, howc.aver_,.l con-
pper . height. As a stump was tallied it received a mark (ned my measurements of :aspen availability and
wing § & of red paint so that it would not be mistaken for aspen use to the zone. within 100 feet of the
ting - % a fresh cutting on subsequent visits. When cut- Stream since at least 90% of the cutting occurred
aced " ting was at a maximum during the summer and tl"{ cl.ose to water. o
spro- early fall, visits were frequent, sometimes as often ]:stlmat‘es of the aspen supply within 100 feet
se to as once a week. In the winter, visits were at in- ©Of shore in terms of numbers of trees are sum-
pre- " tervals of about 6 weeks. Every effort was made Marized in Table I. o
vimal %, to find, mark and measure all trees cut since the Although the figures in this table portray the
and previous visit. Because of the ease of finding general trend of a.vaxlal?lhty a.t.each colony, a more
newly-cut stumps and because re-runs made the 3ccurate comparison is obtained by computing
pped same day rarely turned Gip stumps overlooked on the weight of bark and twigs av::uEabIe frgm'th.ese
| that the first run, it is believed that these counts are trees..Such a cﬂlmpanson.takes mtg conSIderatu?n
of 12 over 90% accurate and complete. the dlﬁe_rences in amount of food in trees of dif-
ly on : This method, which is essentially that used in ferent diameters. Aldous (1938) and Stegeman
made a similar study by Aldous (1938), was used at (1?34) determined the wefght of' bark and twigs
the Upper and Lower colonies to determine ab- ava;ia}:le for aspen of various diameters. Figure
solute rates and amounts of aspen felled. At the + which compares availability of aspen among the
Rockslide colony aspen use was so light that it J colonies on the basis of this .criterion, was com-
~ was computed solely on the basis of the yearly puted by applying Aldous’ findings to these data.
runs of the samples already described. Figure 4 shows that aspen supplies were shrink-
as 2- . : ing at all colonies. By 1955 when this study ter-
ts of Supply of aspen in the 3 colonies minated aspen was largely gone from the Rock-
e the The amount of aspen in the immediate en- slide and Lower colonies. The good supply at the

2s.

virons of the colonies can be judged from a glance

Upper colony was dwindling.
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Fic. 4. Aspen availability in terms of green weight
of bark and twigs. Dry weight is approximately 60% of
green weight,

Distance from shore and relative use of aspen

Subdividing each spoke sample into 10, square
sub-samples permitted an analysis of the relation
of proximity of water to cutting at the 3 colonies.
The results are shown in Figure 5. As would be
expected, there is a trend for heaviest cutting to
occur close to shore. A similar trend was noted
by MacDonald (1956) in Colorado. It is also
evident that the beaver will extend their opera-
tions farther from shore where the supply is much
depleted, as at the Rockslide, than in a situarion
where aspen is abundant.
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COLONY

PER CENT OF AVAILAELL TREES €UT
&

—————— AOCKILIDE
» —— ——sowEn
uPPER
20
a4
L] 0 3'0 40 30 a0 T3 20 0 oo
DESTANMCE FAGW 3SHORL 1w FECLT
Fic. 5. Relationship between distance from shore and
aspen use.

Seasonal cutting of aspen

Figures 6 and 7, based upon total counts, pre-
sent distribution of aspen use at Upper and Lower
colonies by year and by season.

The most striking feature of Fig. 6. in which
rate of use is expressed as trees cut per day, is the
high rate of cutting at the Lower colony com-
pared to that at the Upper colony. This disparity
is explained partly by the larger number of heaver

JOSEPH G. HALL
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at the Lower colony, but also it reflects the fact
that beaver there felled a large number of rela-
tively small trees whereas at the Upper colony
fewer trees of larger average diameter were felled.

UFFER COLOMNY
————— LOWEN COLOuNTY

»
-

e o

TRELS CUT PLA OAY
O . L

dASONDO} T MAWI JASOHD

lgs2 -

FMAMNI JASOND|d FUAMJJASORD
1955

Fia. 6. Aspen use: trees cut per day.

To obtain a truer picture of the amounts of
potential food handled at the 2 colonies it was
necessary to compensate for the differences in
average diameter of aspen felled. The conversion
from trees cut per day to weight of bark and twigs
cut per day is shown in Fig. 7.

tog,
TSI OURMER COLGHY

0] . T LOWER coLowT
"0 i

o / \

.o A A

POUNHDS CUT PEA Dar

1952 1954

.IASanulﬁrllAI-ldJAsunnldruluud;sunnrFHAMJJAsou‘? -

t953 1955
Fro. 7. Aspen use: bark and twig weight cut per day.

From this figure it is evident that the beaver
at the Upper and Lower colonies are utilizing the
aspen resource in nearly synchronous fashion.
The ajor peak of activity in both areas occurs
in late fall, and the time of minimum cutting is in
mid-winter. These phenomena are timed by major
seasonal changes in the weather. But within the
periods of most active cutting the beaver appear
to weorlk in minor fits and starts which oftén are
closely synchronized between colonies. I was un-
able to correlate these minor activity rhythms
with changes in temperature or precipitation.

The period of most intensive cutting character-
istically occurs in October when the food-pile is
being built and dams and lodges are under re-
pair. This trend is reflected in the major peaks
referred to above and is in accord with the ob-
servations of most naturalists. An exception was
found at the Lower colony in 1955 when most
aspen was cut in March. There is no obvious ex-
planation for this exception but it is noteworthy

:
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that the beaver at the Upper colony also engaged
in considerable cutting at this time.

The statement that mid-summer is the period
of minimum cutting is frequently encountered.
With one exception this situation did not hold
true for the Sagehen colonies. Here the beaver
usually fell a large portion of the season’s quota
during the sumumer. They cut least from December
to March, The exception occurred at the Upper
colony in the 1955 season when beaver felled no
aspen whatsoever during the month of June. The
fact that no kits were produced in this colony
in 1955, due to the accidental death of the breed-
ing fermale the previous season, may have been
significant. These circumstances suggest that feed-
ing of the kits may have a bearing on the mid-
summer cutting of aspen.

of
~as
in
ion

igs

Rates of use per beaver-day

As is evident in Fig. 7, the total quantity of
bark and twigs from trees felled by beavers of the
Lower colony exceeded that of the Upper colony
~ both in 1954 and 1955. The actual ratio for both
"+ years was about 1.5 to 1. When account is taken
i . of the number of beaver in each colony, on the
other hand, it is apparent that the most aspen use
on a beaver-day basis occurred at the Upper
colony. A comparison of the three colonies for the
vears 1954 and 1955 is shown in Table II.

Tapte II. Pounds of aspen bark* cut per beaver day

LOHT
LONY

Colony 1954 1955

6.2 5.4
0.65 .03
3.7 .1

day,

[ S )

ver
the
on.

* Computed by wse of Aldous’ {1938 conversion Factors,

The most important point to be made regard-
ing these figures is the relationship between avail-
ability and utilization ; the quantity cut per heaver-
day was greatest at the Upper colony where avail-

? ability was gleatest and least at the Rockslide
colony where availability was least. This is shown
graphically in Figure 8.

[n using the word ‘“‘utilization” it should be
emphasized that beaver seldom eat all the bark
trom felled aspen. The unused amount varies
with the size of the tree and depends also upon
where it falls. Although the exact amount wasted

ajor
the
pear
are
un-
hms

le is

re-
eals was not determined for the Sagehen colonies, it
ob- was noted that beaver usually completely stripped
was bark only from branches or trunks up to 3 inches
nost in diameter. If a large aspen happened to fall very
ex- near the water, however, almost all the bark was

rthy removed, Gese and Shadle (1943) stated that
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Fic. 8. Relationship between use and supply of aspen.

the bark of larger limbs is avoided by heaver
because it tends to become corky.-

MacDonald (1956) found that the average
amount of bark used was 87% of that cut. Bailey
(1927) estimated use as 50% and Aldous (1938)
calculated the average use to be 36%. A figure of
approximately 50% might be considered a com-
promise. Thus of 6.2 pounds of aspen bark cut per
beaver-day at the Upper colony in 1954, 3.1
pounds is the estimated consumption. Stegeman
(1954) listed 4.5 pounds per day as an average
ration, derived from the work of several investi-
gators who kept beaver in captivity, The estimate
of about 3 pounds per day, which represents the
closest approach to a pure aspen diet attained
on this study area, compares favorably with Stege-
man’s estimate in view of the fact that other
foods are always taken to some degree by beavers
in the wild,

Size preference

The observation that beaver waste relatively
more bark of large trees than small ones leads
naturally to the question of preference. Do beaver
tend to select aspen of one size class more fre-
quently than others or is the pattern of cutting
dictated primarily by relative availability of trees
present? An analysis of preference in the feld
is not simple. Many factors such as local topog-
raphy, distance from lodge or bank burrow, visi-
bility or natural obstructions in addition to simple
numerical abundance undoubtedly interact to in-
fluence a beaver’s choice of which tree to cut.
Since isolation of all the contributing factors
is almost imposible in the field, I considered
only the most obvious one, numerical availability.

VAR TR
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Observed cut
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Fic. 9. Relationship of relative abundance of aspen
of various diameters to number of trees cut.

Figure 9 summarizes the analysis made at the
Upper colony. This graph is drawn from a com-
plete count made in July of 1952. On this count
every tree, cut or standing, within the area of
use was tabulated. Area of use for this count was

arbitrarily defined as the area extending from the .

water’s edge to the most distant trees felled. The
relative availability curve on this graph is a re-
flection of absolute abundance of the various diam-
eter classes before the arrival of beavers.

It will be seen that use of Z-inch trees shows
the greatest departure from the availability curve.
More than 1300 trees were measured during the
count and this departure, though small, proves
to be significant at the 0.01 level when subjected
to the Chi-Square test for homogeneity. The
results of analyses of preference at the Upper
and Lower colonies made by means of the spoke
samples are similar but, being based on much
smaller numbers of trees, are not significant at
the 0.01 level.

Preference for trees of this size was indicated
by Aldous (1938) and Hodgdon and Hunt
(1933), although availability was not specifically
documented by them. MacDorald (1956} con-
cluded from his detailed study in Colorado that
trees in the 1-3 inch category were preferred.

An attempt to explain this preference poses
some interesting problems. The superiority of any
size class could either he based primarily on its
value as food or as building material. Since
this preference for 2 inch trees appears to

Ecology, Vol. 41, No. 3

show a correlation with the amount of building
going on at a colony, the latter alternative is
favored. It was more marked at the Lower colony
which was in a state of rapid expansion during the
period of study than it was at the more stable
Upper colony. Furthermore, as building declined
during the period of study at the Upper colony,
the differential preference for small trees also
diminished. MacDonald (1956) noticed a similar
situation in his most actively expanding colony,
where cutting of 1-3 inch trees was very high.

I'mpact of beaver on aspen

Aspen cannot be regarded as a “renewable re-
source” within the probable life of any single
beaver colony. The aspen steadily declines under
pressure of beaver use, even in a situation where
the supply is optimum,

The greater the supply of aspen at a colony, the
more intense is the effort of the beavers to make
use of it. Consequently, the ‘amount of available
aspen may be used as an index to the rate of
consumption per beaver although it is not neces-
sarily an index to the rate of depletion of the
colony’s supply.

Furthermore, the size composition of the stand
is relatively unimportant since size-preference,
though demonstrable, is very slight.

Hence, what might be described as the “aspen-
consumption phase” in the life of a beaver colony
is a youthful and transitory stage since aspen and
heaver, in any combination, inevitably leads to rel-
atively complete loss of aspen. Gradually the
colony passes on to one of several more mature
phases.

Winiow :

Willow . is the 2nd woody staple of beaver diet,
and it can sustain the animals in the absence of
aspen. The Rockslide colony, for example, sub-
sisted almost entirely on willow during the study
period and a new colony became established early
in 1954 near the mouth of Sagehen Creek far from
any aspen. Since the Upper, Rockslide and Lower
colonies differed so markedly in respect to willow
supply, it became clear that a comparison of its
use should be made to supplement the study of
aspen use started first.

MEer=oDs
Sampling of willow was begun in 1954 and con-
tinued more intensively in 1955, Transverse plots
measuring 100 by 10 feet were marked out across
each colony, usually at 125 foot intervals (Fig. 2).
The plots were subdivided into 10 sections, each
10 x 10 feet. A willow clump having more than
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u.lldm.g_'. ;I:;aff of its base within the boundary of the plot was
tive is Bt considered  “in”  and its projected area was

-sketched on a diagram of the plot. These sketches
"were useful in measuring the proportion of each
% plot covered by willow. In the Lower colony the
2 pIots were in some cases much farther apart than
125 feet. Consequently, the coverage there was
. estimated to be about 3% in contrast to the
8% coverage at the other 2 colonies.

After fixing the boundaries of a plot, all cut
stems Y& inch or more in diameter were painted

eclined
colony

s also
similar 2

were tallied and painted. In estimating use from
these tallies it was necessary to compensate for
Gyariations in the amount of branching. Measure-
ments on a lightly used area showed that, on the
average, a vigorous willow stem cut at the usual
* beaver height of 12 to 18 inches above the ground
had 3 branches. Where browsing had been heavy,
on the other hand, most of the older, branched
sterns had already been cut and the beaver were
relying on the unbranched shoots which appear
annually after browsing.

Consequently a ‘“‘branching factor” of 3 was
. applied to the tabulation of use at the Upper and
Lower colonies as well as to the stands of vigorous
" willow on the lower end of the Rockslide colony.
. On the heavily-used sections of the Rockslide

ible re-
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-:zﬁf:y. : colony no corrective factor was necessary since
serr and the willow shoots were largely unbranched.
o ek Availability and wse of willow
n?;atur:‘z Table IiI presents compa.ratwe measures of
% availability and use of willow in the 3 colonies for
‘the period July-October, 19535, According to these
figures the Upper colony had the least willow, the
-er diet, - Rockslide colony an intermediate amount and the
ence of Lower colony the most. Percentage use was high
le, sub- at the Upper and Rockslide colonies and low at
e study the Lower colony. If use is computed on a per
zd early .. beaver-day basis to compensate for the effects
ar from % of different population size, the rate of consump-
[ Lower 77 tion at the Rockslide colony is high, that at the
v willow § ' Upper and Lower colony is low. There certainly
a of its is 1o obvious relationship between supply of wil-
tudy of low and rate of use. Both the crude and more
precise measures of use demonstrate that con-
© sumption was highest at the Rockslide colony
;v where the supply was intermediate.
nd con- -° It should be pointed out that the high figure
se plots o for the Rockslide .colony is partly explained by
b across .+ extraordinary dam-building activity there. Dur-
Fig. 2). ing the 1955 season these beaver were attempting
s, each to maintain a dam across the Hobart Mills water
re than intake. Each time the dam was removed it was
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TaprLe III. Supply and use of willow, by colony
Covony
Upper Rockslide Lower
pounds bark svailable
in July 570 2.040 11,580
pounds bark cut Julyv-
October 220 906 992
% cut 40 44 9
pounds bark cut per
beaver-day 0.67 1.54 0.76

rebuilt by the beaver. However, when a reasonable
allowance is made for the extra willow cut ex-
clusively for construction, the trend for heaviest
consumption per beaver-day at this colony is un-
changed.

Role of aspen supply

Since Table III indicates that willow use is
not obviously dependent upon the supply, there
must be other controlling factors. One good pos-
sibility would be the amount of aspen cut in the
various colonies. The amount of aspen cut per
beaver-day during this same period was 6.7
pounds at the Upper colony, 0.1 pound at the
Rockslide colony and 1.9 pounds at the Lower
colony. A comparison of these figures with those
for willow use is shown in Figure 10 and sug-
gests an inverse relationship between consumption
of aspen and willow. The data indicate that where
most aspen is cut, as at the Upper colony, least
willow is cut and where aspen consumption is
least, as at the Rockslide colony, willow is most
heavily used. Since the amount of aspen cut in
turn depends upon the aspen supply {Fig. 8), we
may go one step farther and say that use of willow
is also inversely related to the supply of aspen.
This is equivalent to saying that the supply of
aspen controls in some measure the consumption
of both aspen and willow.

The easiest way to interpret this relationship
in terms of the beaver is to assume that they con-
centrate on the aspen, relying increasingly on wil-
low as the supply of aspen diminishes.

Facets of the availability concept

The fact that aspen is the preferred food raises
another question. If, as has been shown by Aldous
(1938) and Bradt (1938), beaver may be kept for
months on an exclusive diet of aspen, why do the
beaver at the Upper colony where the aspen is
very abundant bother to consume any willow?
The explanation may lie in the intricate interac-
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wiLLow
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POUNDS BARK CONSUMED PER BEAVER DAY
v

UPPER ROGKSLIDE LOWER

[Fig. 10. Use of willow and aspen on the 3 colonies
studied, July-October, 1955. Use of aspen estimated to
he 50% of the cut.

tion of factors which, together, add up to avail-
abilily. Factors such as absolute numbers of trees,
distance from shore, topography, type of soil and
presence and distribution of alternate forage have
already been mentioned. Others probably con-
tribute. The one which may explain the con-
sumption of a substantial amount of willow even
where aspen is abundant is a temporal factor. Not
once during the 4 summers of observation was a
beaver actually seen to fell an aspen. This activity
was restricted to some time well after dark, when
observation was not possible.

It was noted that the usual routine of a beaver
upon emerging from the lodge in the early eve-
ning was to take a few turns around the pond in
a tour of inspection and then to start feeding on
willow. The heaver are undoubtedly hungry after
a long day of confinement, but do not feel at
ease ahout going ashore to fell or trim aspen
until it is completely dark. During this period,
therefore, aspen appears to be relatively much

Ecology, Vol. 41, No, 3

less available than willow. The latter may almost
always he cut by an animal in the water or a foot
or two from shore. That twilight behavior was the
same in all colonies, regardless of aspen supply,
probably is an important factor in explaining why
a certain amount of willow is cut even where it
might not appear to be necessary.

Year-to-year effects of beaver actiznty

It is evident from Table III that there is a
downward trend in willow availability at all 3
colonies during the July-October period. But to
evaluate the total effect of beaver one should
consider a year-long record in which such factors
as sprouting and die-back are also taken into ac-
count. .

Die-back of willow occurred in all -colonies ob-
served and was also seen in willow untouched
by beaver. Most of the die-back is thought to take
place during the winter and it is encouraged by
over-browsing. Actual removal of sprouts by the
beaver and the additional loss by die-back con-
stitute the “loss factors” affecting availability.
Sprouting during late May and early June is the
major “gain factor.”

The amount of willow available fluctuates from
year to year and within the seasons of every year,
increasing when the gain factors outweigh the loss
factors and decreasing when the loss factors pre-
dominate.

Figure 11 shows details of availability trends
in willow on one of the intensive samples at the
Rockslide and one at the Upper colony during a
single year. Both graphs in this figure are similar
in indicating that the willow supply in October,
1933, was below the October, 1954, level. Beaver
use had been too heavy for a sustained yield on
either area.

In other respects the 2 sample areas represent
opposite situations and deserve some comment.
The graph for the Upper colony sample indicates
that the sprouting was almost sufficient to com-
pensate for the extensive losses due to beaver work
and die-back combined. Thus, only a small net loss
resulted for the year. This situation is summarized
by the columns on the right side of the graph.

At the Rockslide colony, however, it is clear
that a heavy net loss occurred although beaver
work was rather light. Die-back -alone exceeded
sprouting and this loss added to the loss due to
beaver cutting produced the marked drop seen i
the figure. .

A vigorous stand can tolerate a rather large
harvest by beaver, at least for one or 2 seasons
but willow which has been consistently aver-
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browsed, as at the Rockslide colony, will decline
under a much smaller harvest. The decline in
sprouting vigor following overbrowsing is the
most significant relationship reflected in Fig. 11.

Although no intensive samples were run on the
Lower colony, it seems almost certain that, in
contrast to the other 2 colonies, willow was being
cut on a sustained yield basis. One index of the
condition of a willow stand is the average stem
length. Not only was the average stem length
greater than at either of the other colonies but,
equally " important, the July-October harvest,
shown in Table IIT, was much lighter.

In attempting to estimate how much willow
can be safely harvested by beaver, it seems clear
that vigor of the stand is more important, than
total supply. MacDonald (1956) recognized this in
estimating a safe harvest in terms of the current
year's growth, another index of vigor. His sug-
gestion of 209% of the current vear’s growth as
a safe margin seems conservative to me but our
data are not directly comparable.

Any estimate of a safe harvest of willow for a
particular colony tends to imply that beaver col-
onies are fixed in location and that they are de-
pendent upon a specific block of willow plants for
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their sustenance, On Sagehen Creck. where the
distribution of willow extends for most of the
length of the stream, this certainly is not true. In
this type of habitat the beaver will gradually shift
the site of their operations up or down stream as
willow in the original colony area is overbrowsed.
This was seen in a downstream shift of the Rock-
slide colony in 1934 and 19335, Overbrowsed sites,
subsequently abandoned, will soon reproduce a
healthy regrowth of willow, as Adams (1954) has
noted. OF 29 deserted colonies examined by Faas
(1943), only 4 were abandoned because of over-
use of willow. The sprouting capacity of this
durable plant makes it a mainstay of beaver econ-
omy, and even severe abuse will discourage it
only temporarily. Seemingly, beaver can thrive
indefinitely on willow by a form of “block cut-
ting,” or shifting their foraging periodically up
and down the stream allowing overbrowsed sec-
tions time to recover,

SUMMARY

Two pairs of beaver were introduced on Sage-
hen Creek in 19435, Ten years later the number
had increased to about 30 animals distributed
i 5 colonies along the stream. Three of the
colonies were studied for several seasons in order
to explore the interaction between beaver and
their 2 chief food-and-building resources, willow
and aspen.

The rate at which beaver cut aspen was found
to be correlated directly with the supply. On the
other hand, rate of willow use showed no correla-
tion with willow supply but was related inversely
to aspen supply. These relationships are inter-
preted to mean that aspen is the first choice item :
as it is used up the beaver take more and more
willow.

According to an analysis at the colony where
aspen was most abundant, the principal factor
influencing a beaver’s choice of size of tree to cut
is the relative numerical availability of the sizes
in the stand. A slight but significant preference
for trees of the 2-inch diameter class was demon-
strated. This preference is thought to be due
primarily to superiority of 2-inch trees as a build-
ing material rather than as a food source.

The exceptional sprouting vigor of willow
makes it much more tolerant of the inroads of
beaver activities than is aspen. Even so, beaver
have a tendency to overbrowse within the imme-
diate colony area. The result is that sprouting
vigor gradually declines and rate of growth falls.
behind rate of harvest.

Use of aspen never is on a sustained yield basis.
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When beaver have consumed the aspen in one
locality it is gone. Willow resprouts much more
successfully than aspen, but the beaver still tend
to eat it more rapidly than it grows. However, as
one site becomes exhausted of willow, the beavers
shift gradually up or downstream to better stands,
thus permitting the original area to recuperate.
Consequently, in terms of the entire stream, the
willow is on a sustained use basis in a manner
analogous to block-cutting as practiced by for-
esters. Whether it will remain so as the popuia-

tion continues to increase and expand into all -

habitable areas of Sagehen Creek cannot be fore-
seen.
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A MECHANICAL MODEL FOR THE STUDY OF POPULATION
DYNAMICS

Oriver P.

Pearson

Musewm of Vertebrate Zoology, University of California, Berkeley

I~¥TRODUCTION
The machine described in this report was con-
structed at a time when analog computers were
becoming fashionable. I had hoped to use it in
a study of the complex changes in population
structure that accompany changes in the repro-

ductive rates and mortality rates of different age
classes of populations of small mammals. It soon
became apparent that the machine was capable of
“solving” various kinds of problems put to it,
but that preparation and calibration of the machine
for each problem was too time-consuming to make
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