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The mountain beaver causes extensive loss to the Pacific 

Northwest forest industry on natural and planted regeneration sites, 

primarily to Douglas fir, by clipping or burying seedlings during its 

burrowing activity and also by damaging older trees by pruning or 

girdling. This project studied a heavy population and its annual 

harvest of vegetation on a 2- hectare site with alder succession 

problems on the north side of Marys Peak in the Oregon Coast Range 

from 1964 to 1966. 

Food habits methods were reviewed to include work by Adams, 

Aldous, Arata, Baumgartner and Martin, Dusi, Korschgen, Swift 

and Bishop, and Williams, and compared stomach contents analysis 

and fecal pellet analysis approaches. The methods used included 

histological preparation of reference material based on herbarium 

specimens and photographic plates of plant tissue slides to identify 



recognition items of 34 species of ingested plants from a site total 

of 141. Three series of fecal samples were analyzed from live 

trapped animals captured one or more at a time over a calendar year, 

the three series including adult males, lactating females (April, 

May, and June), and juveniles following weaning. Feeding experi- 

ments confirmed recognition 

epidermis fragment 

items and sought to establish a leaf 

equivalence index. A vegetation yield analysis 

made comparison of available vegetation with intake possible. 

Minimal statistical treatment justified number of samples, sample 

size, and counting procedures using 200X magnification of 10 1.0 mm 

diameter microscope fields for each sample taken from a fecal pellet 

collection. 

Results verified opinions of the mountain beaver as a primitive 

rodent eating a primitive plant diet. Deer management studies, 

especially that by Crouch, have shown little dependence by deer on 

pteridophytes such as sword -fern or bracken. These two species 

composed 82 percent of the adult male mountain beaver diet. This 

rodent eats bracken, poisonous to other herbivores, with complete 

immunity. The animal occupies a food niche no other herbivore 

wants and which in respect to ferns is not in competition with deer. 

Lactating females take in a very large percentage of high - 

protein high-moisture-content young grasses. The juvenile diet after 

weaning corresponds to the adult male diet but includes more protein. 

- 



Included were much behavioral and some food plant nutritional 

analysis information. Site excavations and biotelemetry served as 

accessory sources of data. Facilities were provided by the Oregon 

State University Forest Research Laboratory. Some support was 

provided by the National Science Foundation. 
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FOOD HABITS OF THE PACIFIC MOUNTAIN BEAVER, 
APLODONTIA RUFA PACIFICA MERRIAM 

INTRODUCTION 

Usual Limits of Food Habits Research 

By the food habits of an animal should be meant, ideally, both 

its behavior toward its food resources, and its diet. Some food 

habits behavior has been reported under the term feeding habits and 

the term food habits has been restricted by these researchers to the 

diet (e.g.., 8, 16, 214). However in most cases both meanings have 

been intended within the larger term food habits (e. g. , 30, 228). 

Food habits research could include then on one hand observa- 

tions of an animal's activity related to meeting metabolic intake 

needs, extending to its food detection, selection, collection, inges- 

tion, digestion, and egestion - -the animal behavior area --and on the 

other hand a tabulation and summation of food units consumed versus 

those required, extending to identification, quantity, energy content, 

source, and numerous other descriptions - -the animal nutrition or 

ultimately the energy flow area. 

How many parts of this combined list does the usual food 

habits study include? 

In spite of the complementariness of the two large areas 

named, most include only a small part of one. It is not as though 
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Pavlov had solved all the worthwhile hunger response problems or 

as though the effort to describe the nutritional needs of wild 

animals were not justified as part of conventional food habits 

research. Rather the neglect of ideal completeness results from 

the labor already inherent in food habits studies as now being per- 

formed, and from the prosaic nature of behavioral description. 

Johnson, Goy, and Michels (184, p. 141) inferred this when saying, 

Feeding behaviour includes a variety of activities: 
searching, locating, investigating, manipulating, decision - 
making are all engaged in as a necessary prelude to actual 
chewing and swallowing. The movements involved in 
exposing receptors of all modalities to potential food objects 
are so diverse that only their relationship to the ultimate 
ingestion allows gathering them into one category of 
animal activity. The physiological mechanisms which make 
up each of these component behaviours defy concise sum- 
marization, and for the most part they await adequate 
analysis. 

The usual food habits study of the past has been restricted to one or 

two parts of the second area but without reference to nutrition (the 

required food units list). No research yet produced on any wild 

mammal species has even attempted to represent both areas. The 

ideal has not been. realized. 

Martin and Korschgen (228, p. 320) have stated that the usual 

research 

can be classed into two types based on the objectives and 
procedures: (1) natural -history and (2) game management 
studies., .- . The natural- history type of food -habits 
investigation aims to increase the total knowledge of the 
food and feeding of all kinds of animals, while the 



3 

management type has as its objective the acquisition of 
information of practical value for the management of 
certain game or other economically important wildlife. . . 

This implies that naturalists have sought more components of both 

behavioral and nutritional food habits information than have game 

management workers. Both groups could use more of the data pro- 

vided by physiologists, nutritionists, and animal psychologists. 

In regard to behavior, mammalian behavior in response to a 

hunger drive has for most species been generalized from feeding 

observations on the dozen commonly used kinds of laboratory pilot 

animals (79, p. 269; 115). Examination of the behavior journals 

reveals little current research interest in the mammalian food 

habits field. Animal Behaviour (1953 to the present) has devoted 

from 10 to 15 percent of its space (43 of approximately 390 articles 

published through 1965) to food or water intake connected behaviour 

but only a small portion of this has concerned mammals. Behaviour 

(1948 to the present) and the Journal of Comparative and Physiologi- 

cal Psychology (1908 to the present) have published considerably less. 

Hafez (146) has assembled useful information on the ingestive 

behavior of the common domestic and some laboratory mammals. 

Animal behaviorists or ethologists such as Scott (306) or Thorpe 

(352) have collected some observations regarding a mammalian 

feeding behavior repertoire. But only Bourliére (39, p. 37 -65) 

among contemporary mammalogists has discussed critically the 
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limited amount of behavioral study on food habits of wild mammals 

available. Of course some animal nutritionists have long been 

aware of their involvement with psychological factors; the British 

nutritionist Gordon (135, p. 281) has said, 

The most important link between an animal and its food is 
the behaviour of the animal towards that food. . . . behaviour 
of the animal in relation to the quantity or nature of the food 
it eats cannot be explained in any simple way. 

And. the American nutritionist Sherman (314, p. xii) has commented 

on the body chemistry affecting such behavior, "There is a practi- 

cally unlimited field for study of the effects of food habits. . . . " 

Behavioral observations should therefore be made part of 

thorough food habits work. 

In regard to nutrition, if the animal behaviorist has not been 

making food habits studies, however, it has certainly not been the 

nutritionist who has been doing field work on the food habits of wild 

animals. To the nutritionist, "animal" means a captive, preferably 

docile and accustomed to humans and experimental design. The 

measurements the nutritionist obtains require that the subject live 

under closely controlled conditions. 

Measurement when applied to the feeding of confined domestic 

and laboratory animals follows a century -long history of refinements. 

Livestock nutrition research in the laboratory or feed lot can be done 

at present with precision accuracy for which every detail of various 



methods is published. 1 From the chemical analysis of foodstuffs 
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begun in Germany under Liebig (254) to the measurement of the 

caloric content of any conceivable food substance by bomb calorimetry 

as now practiced by such animal nutritionists as Crampton (76 -79) 

of McGill University; from the measurement of caloric intake 

pioneered by Armsby (17) at the Pennsylvania Institute of Animal 

Nutrition, where respiration calorimetry for animals was first 

developed, to the simultaneous multiple recording of many vital 

energy exchange processes by modern animal metabolism apparatus 

(61); from the daily ration requirements of animals found by purified 

diet measurements such as those of Henry (162) or Babcock (377) at 

Wisconsin and Morrison (252) at Cornell to the determination of daily 

vitamin, mineral, trace element, and digestive hormone require- 

ments of animals now being made, as exemplified by the studies of 

Andrews (13) at Purdue; and from the measurement of "crude fiber" 

begun by Henneberg and Stohman (1, p. 47) at Weende to the deter- 

mination of digestibility and metabolizable energy of foodstuffs now 

being done by such analysts as Lindahl (212) of the Department of 

Agriculture at Beltsville, the work continues. As evidence of the 

volume of this output, the quarterly Nutrition Abstracts and Reviews, 

1This does not mean the nutritionists are satisfied with their 
precision (83, p. viii). 



published by the Commonwealth Bureau of Animal Nutrition, Rowett 

Research Institute, Scotland, regularly abstracts some 600 serials 

and other sources on animal foods and nutrition. 

Measurement when applied to the nutritional needs of uncon- 

fined wild animals, however, remains relatively undeveloped. 

Atwood (19, p. 1) has commented, 

In 1936 Davenport, of the Michigan Conservation Depart- 
ment, initiated the first extensive nutritional study of 
white -tailed deer. The paucity of literature on results of 
studies in wildlife nutrition is amazing and reveals that 
this phase of food -habit studies is hardly into its swaddling 
clothes. 

Application of most of the laboratory methods of food utilization 

measurement to wild animals under field conditions appears impos- 

sible. Therefore precise nutritional measurements are not yet being 

made part of food habits research. Martin and Korschgen (228, 

p. 321) emphasize the "approximate, " "inexact," "imprecise" nature 

of the measurements published today. 

Since, then, neither the animal behaviorist nor the animal 

nutritionist is making wild animal food habits studies, even though 

this is a meeting place of behavior and nutrition, it follows that 

neither animal behavior nor animal nutrition methods are now being 

well represented in such work. 

Within the last 20 years a few indications of future applications 

of behavioral and nutritional knowledge to mammalian food habits 

6 
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research have appeared. Behavioral studies with at least some 

emphasis on feeding and food gathering activity have been published 

on Rattus norvegicus by Pisano and Storer, 1948 (280), by Barnett, 

1963 (26, p. 16 -71), and by Calhoun, 1963 (54, p. 100 -110), by King, 

1955 (194) on Cynomys ludovicianus, and by Armitage, 1962 (16) on 

Marmota flaviventris. At least one study with major emphasis on 

both feeding behavior and food has been made, the comprehensive 

autecological work on Neotoma fuscipes by Linsdale and Tevis, 1951 

(214). This lacked nutritional analyses. Nutritional analyses of 

forage plants on deer ranges have been reported in studies by Bissell 

and Strong, 1955 (31), Leach, 1956 (206), Hundley, 1959 (174), Dietz, 

Udall, and Yeager, 1962 (92), and Crouch, 1964 (81). 

Management workers usually limit the objective of a food habits 

study to the proportional consumption of certain producer species 

found in the diet, and possibly also to the relation of these species to 

all the available food in observance of the further limits noted by 

Martin and Korschgen (228, p. 321), "In general, no food -habits 

study can be regarded as complete if it does not present information 

on food availability in relation to actual use." 

The information desired and obtained in current studies is 

therefore food consumption on a relative quantity per producer 

species per individual consumer per unit area per unit time basis, 
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particularly for the producer and consumer species involved in 

forest or range management problems. 

Review of Literature on Food Habits Research Methods 

Neither the literature on wild mammal food habits nor that on 

animal food habits research methods has to the present time been 

thoroughly reviewed. Hamilton, 1939 (153, p. 115 -165), wrote of 

the food habits of North American mammals as known from studies 

made to that time, with 143 references. He included some informa- 

tion on feeding behavior but did not discuss food habits research 

methods. Martin, Zim, and Nelson, 1951 (227), completed review 

research on a great variety of plant foods used by wild mammals and 

other animals but gave no references. Eadie, 1954 (100), included 

extensive food habits information in his book on animal control and 

listed many references, although his work was not actually referenced 

nor did it discuss methods. McCollum, 1957 (234), in his history of 

nutrition, made a small -sample survey of the entire subject of gen- 

eral nutrition including animal nutrition, but left large areas and 

particularly animal food habits untouched. Adams, 1957 (3), 

reviewed briefly several major methods but omitted minor contribu- 

tions. Cockrum, 1962 (62), in his work on mammalogy, cited many 

food habits studies but no methods. Martin and Korschgen, 1963 

(228), in discussing food habits research techniques, gave an 



9 

excellent resume of the difficulties associated with food habits work 

and described some methods to be used but did not attempt a com- 

plete review nor a survey of recently - developed methods. 

As already indicated, food habits work on unconfined wild 

animals in native habitats features few measurements, the uniform 

characteristic among studies published being measurement of the 

percentage consumption for each different food class or species 

identification. Bird studies have contributed some classic examples 

of proportional food intake (226). For mammals several workable 

methods using either of two basic approaches for securing the per- 

centage ratios are available. These exhibit much similarity for 

herbivore and carnivore subjects. 

The first basic approach is habitat -oriented and identifies and 

measures the food supply itself periodically. The second basic 

approach is animal- oriented and identifies and measures intake after 

using the animal either as a container (involving sacrifice or a 

fistula) or as a strainer. Each approach offers barriers to accuracy 

usually conceded to be greater with the first than the second if an 

opinion like that of Cott (69, p. 263) is accepted, from a slightly 

different context: 

In the stomach contents of wild animals we have a type of 
evidence beyond the reach of critics: this is, and must be, 
the final court of appeal. Its chief limitation is that it can 
tell us little of actual feeding behaviour --of the predator's 
psychology, of its rejections and refusals. 
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By means of the first basic approach a food supply can be 

estimated before and after harvest or, in the herbivore situation 

where growing vegetation is harvested on a long -term basis, at 

regular time intervals, the difference being determinable by means 

of controls- -what Adams (3, p. 152) has called the "before and 

after"' method. The exclusion quadrat or its variants represent the 

usual control device employed for grazing and foraging species. 

This vegetation growth versus harvest analysis has been extensively 

and repeatedly modified through forest and range management trials 

and has been the subject of at least one excellent review (360). The 

most accurate and also the most time- consuming application of this 

method notes all vegetation at a zero time and then compares original 

calorimetric values, subsequent growth increments, and removal. 

For example, Brenner (46) marked young trees in a Castor area, 

recorded on intervaled dates the cutting of individual trees used for 

food, and measured the volume of vegetation so consumed. From 

knowledge of the population size caloric intake per animal per unit 

time could be calculated since the caloric content of the vegetation 

per unit volume or weight was determinable. 

Although often used this approach is not always practical for 

forage vegetation. Culley, Campbell, and Canfield (82) investigated 

comparisons between forage removed from clipped exclusion quadrats 

and forage removed from grazed plots and noted an order of 

.. 
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difference between hand clipping and actual grazing which made 

application of the results hazardous. Corbett (68, p. 439) has said 

appraisingly, "Methods for estimating grazing . intake by pasture - 

clipping techniques are generally very imprecise. . . " Neverthe- 

less Golley (132) in a study of forage utilization by Microtus sought 

to determine the quantity of grass and other forbs eaten by a known 

population by the clip quadrat comparison method and at least 

approximated the yield of the standing crop and the extent of removal. 

This approach can also be made by using direct continuous or 

intermittent observation of the harvest by feeding animals - -what 

Adams (3, p. 152) has called "band trailing." Cole and Wilkins (64) 

studied the food habits of Antilocapra by making 31,765 food item 

observations while watching animals at 194 different feeding sites, 

but applied their findings only as a supplement to their principal 

method (the next to be discussed) because of the difficulty of making 

volumetric or weight determinations at a distance or from a few root 

remains of grazed forage. And Aldous (9) in describing a method 

which has become almost standard in large game management work 

has indicated how plant density can be compared with degree of 

browsing by deer to derive a utilization factor for each forage species. 

Smith and Hubbard (322) have extended this work to indicate how 

preferences and quantities of browse eaten during captivity feeding 

experiments may be indexed and the results transformed for 

. 
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estimation of harvest species consumption through observation of 

browsing animals in the field using timing. But obviously for small 

or fossorial herbivores whose feeding cannot be observed or whose 

home range bears a minimum of browsing or grazing marks attribut- 

able to them alone the method could not be applied. 

By means of the second basic approach already ingested 

material can be identified and measured. The intake can be collected 

shortly after feeding as stomach or rumen samples, or after egestion 

as fecal samples. The approach is approximately equally adaptable 

to herbivores, carnivores, or omnivores, and represents the most - 

used starting point in recent mammalian food habits studies. Methods 

used concentrate on the identification and counting of fragments or 

particles. 

Stomach contents analysis (SCA) has been used on almost all 

North American mammals whose food habits have been studied (100); 

notable examples for carnivores are those on Canis latrans by 

Korschgen (201), Murie (257), Sperry (327), and others, and on 

Vulpes fulva by Korschgen (201). The total number of stomachs 

represented in the studies cited above exceeds 10, 000. Notable 

examples for herbivores are those on Odocoileus by Aldous and 

Smith (10), Korschgen (200), and Leach (206), and on Antilocapra by 

Baker, Anderson, and Crump (23), Cole and Wilkins (64), and 

Einarsen (1.02) for samples of approximately 1500 and 100 stomachs 
1 
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respectively. The difference between the two grand totals of 10, 000 

and 1, 600 stomachs reflects a much more difficult analyzing task for 

herbivores than for carnivores, not entirely an emphasis or scarcity 

difference. Other Odocoileus studies could also be cited but the ratio 

indicated would not be altered appreciably by them. 

Because of their usual high water content stomach samples can 

be measured volumetrically. Most multiple- sample analyses are now 

given in terms of "aggregate volume" rather than the older "aggregate 

percentage" for reasons justified by Martin, Gensch, and Brown 

(226). The SCA methods for herbivores have much to recommend 

them because the fragments remain nearly undigested (in respect to 

ingested quantities) and therefore represent accurately what was 

eaten. Fairly rapid gross particle identifications and volumetric 

estimates of intake have been and can be devised, as exemplified by 

Arata's (15) sedimentation column studies on Ondatra, especially 

when relatively few species occur in the diet at any one time. An 

extremely complex refinement of the use of a combined screening 

and differential sedimentation column technique has been reported 

in rumen sample work on Rangifer by Swift and Bishop (339) using 

equipment designed by Courtright (73). The method appears 

especially adaptable to ruminants since much of the rumen material 

has not been chewed. But when the number of species eaten daily 

increases and more complete identification is wanted the 

- 
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sedimentation devices must be supplemented by microscopic analysis 

of the fragments. 

Fecal pellet analysis (FPA) or scat analysis has been used on 

Lutra by Greer (138), on Canis latrans by Murie (257, 258), and by 

Korschgen (201), on Procyon by Tester (349), and on a few 

lagomorphs and rodents which will be discussed below. The rela- 

tively easier task of analyzing the material for carnivores than for 

herbivores continues. In spite of its almost complete overshadowing 

by either the Aldous or the SCA method for field studies on ruminants, 

use of the material for small herbivores shows promise from the 

results of several examples. 

Differences in the particulate nature of the fecal material when 

carnivore and herbivore output are compared result both from the 

nature of the intake, related to the presence of either mostly plant 

( "carbohydrate ") or animal ( "protein ") food in the diet (232, p. 16), 

and from the nature of the mastication process due to mechanical 

differences related to trituration by dentition and the articulation of 

the mandible. In most carnivores the interlocking upper -lower fit 

of the protruding canines and carnassial molars makes grinding 

action of the teeth impossible; the hinge -like articulation of the 

mandible which allows only raising or lowering likewise will not 

permit grinding movements. In herbivores however the incisive 

overbite, the absence of canines, the long diastema, the flattened or 
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transversely- ridged surface of the molar cusps or lophs, and the 

loose articulation and the more complex encapsulation of the articular 

processes, with appropriate musculature, freely allow either lateral 

or antero- posterior grinding action, or both, of the upper and lower 

molar rows of each side upon each other. Bone (37, p. 84 -92) and 

Friant (123) have discussed the significance of these "vertical" 

versus "horizontal" movements in the respective situations. Car- 

nivores therefore swallow any portions of their food when it is small 

enough to be swallowed - -in the case of small animal specimens, 

often entire - -and depend on the lower digestive system to perform 

the fragmentation, while herbivores in contrast comminute their 

food to extreme fineness orally in almost direct proportion to the 

size of the animal by chewing many times. This number may reach 

40, 000 side -to -side jaw movements a day in cattle. 

The kinds of digestive system found among mammalian 

herbivores and carnivores have been discussed by Crampton and 

Lloyd (79, p. 269). Comparisons of some of these and their products 

are made in Table I. The carnivore digests its animal food rapidly 

with fecal elimination of the residue often completed in 24 hours; 

the herbivore keeps its carbohydrate food in the gut for days, with 

fecal elimination accomplished gradually over a period of a week or 

more (35). Herbivores need the additional time to permit digestion 

of cellulose and production of B complex vitamins (particularly 
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Table I. Comparative Treatment of Ingested Materials and Behavior Related to Digestion, and 

their Usefulness in Determining Methods of Terrestrial Mammal Food Habits Study 

Digestive Locomotion 
system and dominant 

Classification type activity periods 
A. Carnivore 

1. Soricid M F D, N 
2. Talpid M F D, N 
3. Vespertilionid M AE N 
4. Cricetid 

(Onychornys) MFC F D 

5. Canid M C N 
6. Mustelid M AMB N 
7. Felid M C N 

B. Omnivore 
8. Didelphid M AR N 
9. Dasypodid M AMB N 

10. Cricetid 
Cricetus) MFC F N 

11. Murid MFC F N 
12. Ursid M AMB N 
13. Procyonid M AMB N 
14. Tayassuid M AMB N 

C. Herbivore _ 

15. Ochotonid MFC AMB D, N 
16. Leporid MFC AMB Cr 
17. Aplodontid MFC F N 
18. Sciurid MFC For AR DorN 
19. Geomyid MFC F D, N 
20. Heteromyid MFC S N 
21. Castorid MFC AMP N 
22. Cricetid 

Microtus) MFC F D, N 

23. Zapodid MFC S D, N 
24. Erethizontid MFC AR D, N 

25. Caviid MFC F D 

26. Myocastorid MFC AMP N 
27. Equid MFC C D, N 
28. Cervid P C N 
29. Antilocaprid P C D, N 
30. Bovid P C D, N 

Abbreviations: 
AA 

AAP 

AC 

AE 

AMB 

AMP 

AP 

AR 
BP 

above ground anywhere 
" in fecal pile 
" often covered 
aerial 
ambulatory 
amphibious 
rest area fecal pile 
arborial 
below ground in pellet 
chamber 

C 

Cr 
D 

F 

LV 

M 
MFC 

MX 

Suggested best sample: 
Rumen, Stomach, 
because because 

X 
X 
X 

U 

U 

U 

X LV 

X LV 

X LV 

X LV or X 

X LV or 
X LV or 
X LV 

Feces 
Feces, found 
because where 

BP 

BP 

AP 

AA 

AA 
AC 
AC 

X MX AA 
X MX AA 

X MX AA 

X MX AA 

X MX AA 
X MX AA 
X MX AA 

X MX AAP 
X MX AAP 
X MX BP 

X MX BPorAA 
X MX BP 

X MX AAP 
X MX UW 

X MX 

X MX 

X MX 

X MX 

X MX 

X MX 

cursorial 
crepuscular 
diurnal 
fossorial 
larger volume 
monogastric 
monogastric, 
functional caecum 
mixture of intake 

N nocturnal 
P polygastric 
S saltatorial 
U unchewed 
UW underwater 

AA 
AA 
AA 

BP or AA 

UW 

AA 

AA 

AA 

AA 

X 
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cyanocobalamin) and alcohol by microorganisms (232, p. 228 -251). 

Comminution obviously accelerates the process by increasing the 

surface -to- volume ratio. 

This second approach depends when accurately done almost 

entirely on the establishment of a library of reference items matched 

in the sample material by certain fragments which become recogni- 

tion items (3). For carnivore food habits, recognition of items in 

the diet depends on the presence in the ingested material of fragments 

of bones, or hide with fur, or insect appendages, which have passed 

into or through the gut cleaned but almost unaltered from the original. 

In the case of the carnivore the recognition items are large and 

usually easily separable by moistening and teasing. For the her- 

bivore they become microscopic and in fecal samples adhered to one 

another. 

Microscopic examination of either stomach or fecal material 

to discover what the animal had been eating attracted the attention of 

domestic animal management workers concurrently with the develop- 

ment of ocular microtechnique itself. For herbivores such analysis 

became practical after the publication of plant histology techniques 

in the late 1800's; its possibilities were forecast by Winton and 

Moeller, 1906 (376), in an excellent treatise on the microscopy of 

vegetable foods and it had become useful in cattle management by the 

time of the publication of a manual by Morris, 1917 (251). But 

.. 

.. 
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among wild animal resource management workers Baumgartner and 

Martin, 1939 (27), first made use of the method in their study of 

spermophile (Eutamias) food habits having chosen stomach samples.2 

The success of the microtechnique method in herbivore food 

habits work depends on microscopic characteristics of plant organ 

structure. These are discussed more fully in the section on Materials 

and Methods but they imply the presence of tissue which resists 

digestion and which varies with the species eaten. In a blade leaf, 

the principal organ eaten by foragers and grazers, the two epider- 

mises consist of flat pavement cells heavily cutinized or even 

suberized and spread over the mesophyll to prevent water loss from 

the wet interior, the adjacent cells of a single epidermis being held 

firmly together by plasmodesmata and the cuticle. So resistant are 

these cells to digestion when mature that they often remain together 

in sheets which pass through the gut unaltered, the cell outlines 

visible because stripped of the underlying parenchyma. Because 

most species of plants have very characteristic epidermal cell 

shapes and sizes in foliage organs these become recognition items. 

When a large number of plant species occurs in the diet at one 

2Martin (225) had in 1938 already proposed a cooperative use of 
researchers familiar with regional plant product microcharacteristics 
in order to encourage the submission of herbivore stomach and fecal 
samples to regional centers for study and increased food habits 
knowledge. He has been active in the field ever since. 
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time the SCA method encounters difficulties because of the volume of 

material which cannot be identified. Cole and Wilkins (64) in their 

ruminant work found it necessary to wash rumen samples through a 

three mm mesh screen in order to eliminate all smaller particles, 

which were considered "unidentifiable" because of the predominance 

of parenchyma. Similarly Korschgen (200, p. 3) in his Odocoileus 

work has said, 

. . . stomach contents were prepared for analysis by washing 
in a 16- mesh -per -inch screen sieve under the tap, to remove 
excess formalin and the very fine food particles of little value 
in identification. 

Williams in his study of cricetine and microtine food habits, using 

stomach samples, also found it necessary to screen stomach 

material, in his case through 000 bolting silk, to remove fat, 

gastric juice, and small "unidentifiable" cells (373). He said (371, 

p. 110), "Thorough washing was important since fat and gastric 

juice, unless removed, cement food particles together and make 

their identification impossible." He has cited or published work on 

Peromyscus (372) and on Phenacomys, Clethrionomys, and Zapus 

(371). 

Much of this difficulty in herbivore work disappears with use 

of fecal material because the animal gut has hydrolyzed and 

absorbed 50 to 90 percent (131) of the volume ingested (mostly 

parenchyma) depending on digestive efficiency. Fecal material 
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analysis has been described by Dusi (98) for Sylvilagus, by Adams 

(4) for Lepus americanus, and by Godfrey (129) for Microtus. 

Adams has selected woody material recognition items such as leaf 

scars on Douglas fir stems with examination at low power (7X). He 

has proposed identification limited to only those species of concern 

in management problems as have also Martin and Korschgen (228, 

p. 321). Dusi and Godfrey have used much higher magnification for 

more thorough identification of all leaf epidermis present. 

The methods to be discussed for the Aplodontia work done in 

this study consist of modifications of the techniques of Adams, 

Baumgartner and Martin, Dusi, and Williams. 

Review of Literature on the Mountain Beaver and its Distribution 

Anisonyx rufa was what Rafinesque (Philadelphia, 1817) named 

(287) the new reddish prairie -dog -like rodent Lewis and Clark had 

collected as fur pieces from Chinook Indians along the Columbia 

River (353, vol. 4, p. 109) in 1806, after reading their description. 

Aplodontia leporina was what Richardson (London, 1829), aware of 

Rafinesque's confusion of it with the prairie dog, renamed (293) the 

somewhat rabbit -like animal after its collection by David Douglas in 

Oregon in 1826 (96, p. 246). Haplodon rufus was the eclectic name 

applied by Coues and Allen (Washington, 1877) in their monograph on 

the family (72, p. 555) to emphasize the Greek etymology of 
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Richardson's and other authors' observation of the animal's molar 

structure, particularly its rootlessness (haplodont means "simple 

tooth "; Richardson failed to asperate). Aplodontia rufa was the 

priority- recognizing eclectic name proposed by Merriam (New York, 

1886) in a discussion of the species (238). Called "showt'l" by the 

Nisquallys, "ogwoollal" by the Chinooks ( "sewellel" was the Chinook 

name for a very -commonly worn blanklet -like robe of its skins), 

plus a host of other Indian and common names, the animal was 

nick -named "mountain beaver" by the Sierra Nevada miners of 

California (286) because of its occasional manner of gnawing the 

vascular cambium from cut branches as does the stream beaver, 

Castor. Once of widespread sartorial importance to the Coast 

Indians of the Northwest (59, p. 37; 96, p. 156), the mountain 

beaver at present has economic significance only as a sporadic but 

devastating menace to young Douglas fir tree farms in the same 

area (193) while also holding scientific attention as the most primi- 

tive of living rodents (236, 276). 

The family Aplodontidae with the single living genus Aplodontia 

Richardson, 1829, has been treated most extensively by Taylor 

(Berkeley, 1918) who, in his revision of the genus after the examina- 

tion of approximately 400 museum specimens, condensed 13 

previously -proposed forms into nine subspecies of one living species, 

Aplodontia rufa (Rafinesque), 1817 (345, p. 435). Taylor's 
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revision was accepted by Ellerman (London, 1940) in his large 

treatise on the Rodentia (103, vol. 1, p. 258). However, Taylor's 

work was soon known to be incomplete for the forms north of the 

Columbia River and he himself (Pullman, 1929) later eliminated one 

of his four original Washington- British Columbia subspecies (347, 

p. 26). 

The northernmost forms have been examined twice since 

Taylor, first by Finley (1941) and again by Dalquest and Scheffer 

(1945), with conflicting results. Finley (117) attempted to retain the 

original complete list of four subspecies for Washington in his study 

of the effects of the Columbia River barrier, apparently unaware of 

Taylor's later conclusions. Finley was then completely reversed by 

Dalquest and Scheffer (86) who, following an intensive comparison of 

more than 150 Washington and British Columbia specimens from 

many collections, combined Taylor's Washington forms into two, 

and showed that the form in western Washington continued southward 

into the Cascades in Oregon, and that the Washington Cascades form 

was not continuous south of the Columbia. Miller and Kellogg (1955) 

accepted this change to seven subspecies (246, p. 178) but mis- 

interpreted the range in the Washington Cascades, making it con- 

tinuous with the range of the Oregon Cascades form (p. 179). Hall 

and Kelson (1959) corrected the error (150, vol. 1, p. 290) and have 

followed the original intention of Dalquest and Scheffer (86, p. 36). 
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These sequences of opinion are shown in Figure 1. 

The Aplodontidae, an exclusively North American family, 

have apparently always been restricted to the Coast Rain Forest of 

the Pacific Northwest or to the area of its Arcto- Tertiary ancestors 

(236). Aplodontia of today is closely dependent on the humid Coast 

Rain Forest biome and its moist ground climax or secondary suc- 

cessional plant associations the vascular plant species list of which 

totals probably about a thousand. Some dozen other species of 

mammals are also endemic to this wet coastal region (85, p. 52). 

As shown in Figure 1, the subspecies pacifica has a distribu- 

tion corresponding very closely to the extent of the Oregon Coast 

Range and part of the Siskiyous, from near the Smith River in 

California to the Columbia River. Since 1917 the distribution and 

identification of the subspecies have not been in doubt although 

several variants were in question before that time in northern 

California (189, 343) and intergradation with rufa is recognized in 

southern Oregon (21, p. 228). According to Seton, pacifica animals 

classify among the "small, dark" specimens (312, vol. 4, pt. 2, 

p. 528) characteristic of the Oregon and California coast as dis- 

tinguished from the larger, lighter forms found in the Sierra 

Nevadas, Cascades, and Olympics. Taylor (344) has said pacifica 

is the "brightest" in color of the subspecies and called the spring 

lateral color "grizzled pinkish cinnamon" (345). But one of the 



Taylor 1918 Taylor & Shaw 1929 
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Finley 1941 

Dalquest & Scheffer 1945 Miller & Kellogg 1955 Hall & Kelson 1959 

1. A. r. rufa 4. A. r. rainieri 7. A. r. californica 
2. A. r. olympica 5. A. r, pacifica 8. A. r. nistra 
3. A. r. columbiana 6. A. r. humboldtiana 9. A. r. phaea 

Figure 1. Successive treatments of the distribution of 
Aplodontia rufa subspecies since Taylor, 1918. 
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coastal subspecies (nigra) is almost black dorsally (341). 

Within its limits the subspecies occurs from near sea level on 

the coast to an altitude of 1200 m along the higher crest of the 

system to near the Willamette Valley floor on the east side. Despite 

the moderate elevation the entire area of distribution exhibits much 

floristic uniformity within the broad interpretation usually accorded 

the Transition Zone (21, p. 19). The Pacific mountain beaver may 

be found in many but not nearly all favorable locations throughout 

the distributional limits, the routes of extension of occupied area 

within the range usually following water courses. 

The literature on the mountain beaver has recently been 

reviewed by Godin (130). 
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METHODS AND MATERIALS 

Limits of the Study 

Distribution of work on this study to the present has separated 

it into two sections, as follows: 

Phase I. Food habits analysis of plant consumption in the field, 

applying the least possible involvement of any methodol- 

ogy not suited to samples from unconfined wild animals. 

Much work done with Oregon State University Forest 

Research Laboratory facilities. Field and laboratory 

work completed 1964 -1966. All results reported in this 

paper. 

Phase II. Tests of the accuracy of the FPA method through 

plant weight and surface area intake versus weight and 

surface area output measurement using study site vegeta- 

tion and captive animals in the field. Supported by the 

Forest Research Laboratory. Field work completed in 

the summer of 1966. Only incidental results reported in 

this paper. 

Involvement of the second phase has been mentioned here principally 

because many observations on the behavior of animals in the field 

were made possible during the additional time provided. Because of 
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the failure of feeding experiment cage facilities to furnish compari- 

sons of intake and output by weight, attempts to measure intake 

accurately for Phase I were abandoned. 

Data collection and analysis methods used belonged to three 

different projects which will be described as the animal project, the 

plant project, and the statistical project. The primary objective of 

the projects concentrated on obtaining an annual record of the 

animal's diet by securing fecal samples of its forage consumption on 

the study site at regular time intervals for one calendar year, and 

analyzing these for species content. The projects were preceded by 

site selection. 

Site Selection 

Before the initiation of other work on the project an effort was 

made to locate a site representative of Oregon Coast Range Douglas 

fir combined natural and planted regeneration in a mountain beaver 

area. Suitable sites with pacifica populations were investigated on 

Mount Gauldy near Hebo and at Cape Perpetua near Yachats. 

Occupied inland sites were investigated along the Wilson River in the 

Tillamook Burn and on Marys Peak near Corvallis, this nearest the 

center of the range. Other sites were known to the researcher or 

his colleagues at Astoria (353, vol. 3, p. 279), Tillamook (14), 

Florence, Gardiner, Agness (106), Newport (47), this last the 
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location from which Bretherton secured the type specimen in 1896 

(283), Coquille, Valsetz, and Newberg. These locations of known 

incidence are shown on the map, Figure 2. Bailey (21, p. 228) has 

indicated an even larger number of sources of specimen collection. 

Hundreds of similar locations undoubtedly exist. 

A cut -over site on the north side of Marys Peak, highest 

elevation 1250 m, the highest point in the Oregon Coast Range north 

of the Rogue River, was chosen in November of 1963 because of its 

high mountain beaver population density, second- growth Douglas fir 

reproduction characteristics, and accessibility. The terrain con- 

sists of a ridge -stream portion of a pleated land form between north - 

flowing creeks which originate higher on the peak. On this site a 

rectangular area 100 by 200 m (enclosing two hectares) including a 

ridge and a stream was marked out near an access road. The loca- 

tion is shown in Figure 3. A site map is shown in Figure 4. The 

site or study area is located in the southwest quarter of Section 9, 

Township 12 South, Range 7 West from the Willamette Meridian. 

The mean elevation is about 412 m. 

An access road from Highway 20 at Blodgett follows Mulkey 

Creek. A branch of Bark Creek bisects the study area (from beyond 

the point of origin shown on the map, Figure 3) and parallels Mulkey 

Creek which lies 200 m to the east on the other side of the ridge, 

both these runoffs flowing near Blodgett into the Tumtum River, a 
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Astoria 

Tillamook 
c ° Wilson River 

0 Mount 
Gauldy 

° Valset 

Newport 

°Ne. e 

rys Peak 

° Cape Perpetua 

o Florence 

o Gardiner 

° Coquille 

° Agness 

Figure 2. Investigated known locations of pacifica populations. 



Figure 3. Map of the Blodgett -Marys Peak area 
showing the location of the study site. 
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' TO CORVALLIS 



Figure 4. Map of the study site showing locations of 
animal captures, burrow systems, burrow 
excavations, vegetation study quadrats, and 
Douglas fir planted seedling areas. 
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tributary of the Marys River which joins the Willamette at Corvallis. 

Although drainage flows eastwardly the area lies near the crest line. 

Bark Creek at this station has become a permanent to semi- 

permanent stream usually about one m wide and 10 cm deep but often 

with a somewhat marshy course about five m wide. As shown by the 

contour lines on Figure 4 the east side of the site includes a ridge 

and a 25o west- facing slope toward the creek, and the west side of 

the area includes nearly flat ground lying from one to four m above 

the creek between the creek and the road. According to Crouch 

(81, p. 58) populations of pacifica animals are larger on west or 

north -west facing slopes than on others. Bark Creek itself drops 

not more than four m in its flow through the site making this a very 

moderately north -west facing slope. 

The site had been logged in the 1940's by the owners, the 

Thompson Timber Company of Corvallis, the slash had been burned, 

and replanting with exotic species of conifers (see Appendix I) had 

been attempted in 1953 but the dominant growth everywhere for many 

square km at the time of the study was red alder (Alnus oregona) 

often 20 or more m tall. Increment borer core samples of 15 cm 

DBH trees (the most abundant size class) of this species showed 

them to be 18 years old in 1966. However, some blocks of and 

numerous individual relict Douglas fir had been left and the study 

area included representatives of all these. Artificial stocking of 
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two plots with Douglas fir seedlings was done by the Forest Research 

Laboratory in November of 1964. Location of these is shown in 

Figure 4. 

Rainfall in the area has been estimated from data at Summit, 

elevation 222 m, 10.5 km to the north -west, a U. S. Weather Bureau 

station recording an average 152 cm annually (334, p. 12), to be 

about 180 cm annually due to additional orographic and convectional 

influences. 

The site was used for purposes of the study during portions of 

1964, 1965, and 1966. 

Animal Project 

The animal project included all organization and activity 

directed toward securing samples under unconfined wild animal 

conditions on the site, all efforts made to secure animals for popula- 

tion analysis and experimental purposes, and all behavioral observa- 

tions made on unconfined and captive animals. 

Trapping Program 

A calendar established a biweekly trapping program which 

attempted to produce at least one captured animal every two weeks 

for a period of one year. Because of interruptions, trapping failures, 

and mortality (many or all these instances due to bad weather), the 

e 
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trapping program extended into parts of three succeeding calendar 

years. Even then a perfect record had not been obtained. A sum- 

mary of trapping efforts and success appears in Table II. 

Table II. Trapping Efforts and Success on the Study Site 

Trapping Cumulative 
trip Captures by Traps Total success in 

number Year Month Day animal number set trap nights percent 

1. 1964 May 23 12, 13 10 10 20 

2. 30 0 10 20 10 

3. Jun 12 14, 15 10 30 13.3 
4. t 21 16,17 10 40 15 

5. 25 18 10 50 14 

6. 28 19, 20, 21 10 60 16.6 
7. Jul 4 22 10 70 15.7 
8. 12 24, 25 10 80 16.3 
9. 21 26 10 90 15.5 

10. 25 0 10 100 14 

11. Aug 3 27 11 111 13.5 
12. 8 0 10 121 12.4 
13. 16 28 15 136 11.6 
14. 23 29,30 14 150 12 

15. 29 31 10 160 11.8 
16. Sep 6 32 10 170 11.8 
17. it 13 33 10 180 11.6 
18. 27 34 10 190 11.6 
19. Oct 11 35 10 200 11.5 
20. 25 0 10 210 11 

21. 1965 Feb 21 36 10 220 10.9 
22. Mar 21 0 10 230 10.4 
23. Apr 24 37, 38, 39 10 240 11.3 

24. Jun 26 40,41,42,43 10 250 12.4 

25. 1966 Jan 14 44* 10 260 12.3 
26. Dec 3 0 10 270 11.9 

Collected by Bill Lovejoy, Research Assistant at the Forest Research Laboratory. 

Traps used consisted of wire mesh collapsible live traps 

measuring 15x15x48 cm (single door) or 15x15x61 cm (double door) 

manufactured by the National Trap Company of Tomahawk, Wisconsin. 

" 

" 

" 

" 

" 

" 

" 

" 

" 

" 

" 
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Sets were made by enlarging a burrow with a mattock to receive the 

trap, setting, sprinkling the floor with loose soil to cover the mesh, 

and covering the trap with light tar paper or black plastic sheeting 

to hide as much evidence of the set as possible and to protect the 

captured animal from exposure. From 10 to 15 sets were made at 

one time, the usual number being 10. Usually one half the sets were 

located in the burrow system of one animal and the other half in the 

system of another, following the advice of Pfeiffer (273, p. 396) who 

recommended five to eight traps per system (although he used jaw 

traps). The setting of 10 traps required about one hour. Sets were 

made in burrow entrances (single door) or in shallow level tunnels 

(double door). No bait was ever used making some cleverness in 

concealment desirable. 

Trapping success during the entire period was 12 percent, 

meaning that the usual 10 -set effort produced one animal. Captured 

animals were taken to the Forest Research Laboratory (hereinafter 

referred to simply as the laboratory) 32 km distant, placed in 

individual outdoor pens each containing a large divided box providing 

a nest chamber on one side and communicating with a feeding chamber 

on the other, and left undisturbed until the deposition of the fecal 

pellets of one or more activity periods. These pellets were col- 

lected within 24 hours and preserved. The animals then remained in 

the captive colony for other use. This meant that animals removed 

:. 

- 
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from the study area were not returned to it. 

In order to prevent the considerable mortality due to shock or 

exposure usually encountered in small mammal trapping, the 

trapping schedule called for trap setting in the evening and checking 

early the following morning. Trap mortality is shown in Table XXIII 

by the zero (0) under "Days in captivity." Ten percent of the 29 

animals trapped on the study site were found dead in the trap; 

another 28 percent died within three days of capture. 

Animals differed in their ability to survive the shock of trapping 

depending on age and sex. Table XXIII shows that all lactating 

females captured (five) died within three days of capture. Five of 

nine juveniles likewise died of shock within three days of capture. 

Only three of 11 adult males succumbed in this manner, however, 

and only one of six yearling males. Therefore most animals main- 

tained in captivity were males. 

Some animals never entered traps and repeated efforts to 

capture certain apparently shrewd individuals failed. 

Population Analysis of the Study Site 

A population analysis was considered necessary in order to 

estimate total animal demands on the site vegetation. 

The literature on methods of securing small mammal popula- 

tion characteristics has been reviewed by Cockrum (62, p. 138 -161). 
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Other sources and reviews were also consulted (32, 42, 45, 56, 87, 

159, 209, 384). 

Their secretive, nocturnal activity limits knowledge of the 

population structure and dynamics of many rodents. Brant (45, 

p. 105) has said, "Few organisms have been as difficult to enumerate 

as small rodents." Several parameters useful in determining popula- 

tion features have been listed by Odum (264, p. 149); the following 

were selected for possible measurement for this study: 

1. Density. 

2. Natality. 
3. Mortality. 

4. Sex distribution 
5. Age class distribution. 
6. Biotic potential. 
7. Growth rate or form. 

Data for all these were provided by the trapping program. The 

two kinds of trapping program most commonly used in small mammal 

research include capture- mark -release- recapture (a live trap 

method which may extend over a long period of time to insure 

repeated location of individuals for a record of maximum movement; 

in combination with the Lincoln -Peterson index it may provide popula- 

tion size) and complete removal (usually a dead trap method com- 

pleted in a short time to prevent counting of immigrants which enter 

the vacated area; may provide the best index of population size) (62, 
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p. 141). The method decided upon attempted complete removal over 

a long time period and therefore was subject to several errors. 

The density description called crude (264, p. 150) was con- 

sidered adequate because of habitat uniformity and was to be 

expressed in animals and animal classes per hectare. 

Natality information came from a number of sources. The 

mountain beaver is monestrus (275). Testis descent in the male 

begins in December with maximum testis size reached by January 15 

(172) and complete decline and ascent resumed by April 15. The six - 

week breeding season (53, p. 553) extends through February and into 

March (119). 

Adult age begins in the third year (172). Females do not reach 

breeding age until the third year (sometimes the second (275)) and do 

not enter breeding condition every year. The gestation period lasts 

30 days (ibid.) with blind naked young born usually around March 20 

(ibid.). Birth weight averages about 25 g (75). The usual litter of 

pups numbers three or four (178, p. 153). The lactation period 

extends for an unusually long time for a mammal of this size, about 

60 days. The weaned juveniles come out of the burrows in June 

(219). The growth rate is slow and a juvenile plateau at three - 

fourths average adult weight is maintained after the sixth month until 

the following spring (275). 

Cavia porcellus will be compared with the mountain beaver 
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several times in regard to size and digestive system features. In 

contrast its three or four young weigh 70 -80 g or more at birth after 

a gestation period of 67 or 68 days (137, vol. 17, pt. 2, p. 1362), 

are weaned within five days, become sexually mature within 70 days 

of birth, and grow to a maximum 1000 g in 36 weeks (290, p. 5 -15). 

But the maximum age, eight years, is very similar to that of the 

mountain beaver. 

Mortality information was inferred from age class distribution 

and predation signs. Coyote scats in the area usually contained 

mountain beaver pelage and bones of juvenile or yearling size 

animals. 

Sex distribution was inferred from adult captures on the study 

site. Young animals were not sexed. 

Age class distribution was inferred for all captures. Taylor 

(345, p. 440) has said that the teeth when worn provide no clue to 

age. Pfeiffer (275) has suggested degree of closure of the distal 

femoral epiphysis for older animals or weight for juveniles up to five 

months old as age criteria but complete weight series have been sug- 

gested below. The classes distinguishable are shown in Table III. 

Most weight gain in any class takes place during the summer but 

lactating females may lose much weight. Maximum size for pacifica 

animals recorded in Bailey (21, p. 228) was about 700 g, total length 

303 mm, tail length 20 mm. At least four of the largest animals 
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caught on the study site exceeded this (Table XXIII). 

Table III. Sex and Age Class Criteria for Pacifica Animals Taken 
from the Study Site 

Age class 
Sex: 
Male weight Female weight 

1. pup sexes indistinguishable externally 
to two months 25 -250 g 25 -250 g 

juvenile sexes indistinguishable externally 
two months to one year 250 -565 g 250 -500 g 

3. yearling 

one year but less than 
two years 

4. adult 

two years or more 

two years 

three years 

four years 

five years 

six years or over 

presence of baculum; absence of 
baculum 

(presence of 
os clitoridis) 

565-675 g 500-550 g 

presence of baculum; absence of 
baculum 

(presence of 
os clitoridis) 

presence of mammae 
(during lactation 
only) 

675 -775 g 550 -600 g 

775 -850 600-650 

850 -925 650 -700 

925 -975 700 -725 

over 975 over 725 

Biotic potential and population growth rate have been estimated 

from capture data and the probable pre -logging population size. 

2. 
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Odum (264, p. 186) has said, ". . . data on population growth of 

field populations are few, incomplete, and hard to come by." He 

has suggested various patterns and a logistic formula for one. 

The data have been collected in the section on Results and Data. 

Use of Biotelemetry 

During the summer of 1966 a project requiring three months of 

field work and not a direct part of this study (Phase II) tested the 

accuracy of the FPA method. Radio tracking became a valuable 

accessory technique in studying the behavior of several animals. A 

supply of radio transmitters attached to collars was obtained, with 

the necessary animal handling, collar attaching, and signal receiving 

equipment. The signal equipment has been described by Slater (320) 

and its application to and field use on mountain beaver have been 

described by Dodge and Church (94). By the use of a transmitter 

attached to a free - ranging animal, activity inside its burrow system 

and in adjacent areas was followed on Animal 63 for approximately 

45 days, and since the signals could be pinpointed to within a few cm 

a map of the underground system was marked out on the surface. 

Continual access to all the major chambers and tunnels of the animal 

was secured by digging into them, and maintained by covering the 

artificial openings so created with boards. The procedure allowed 

detailed examination of the animal's natural life without excessive 

- 
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disturbance. 

Excavation of the burrow system of this animal (systems of 

three other animals were also excavated and were similar in almost 

all respects) showed an organization into a chamber complex com- 

posed of nest, feeding, refuse, earth ball, and pellet chambers, 

more fully described in the Discussion. A similar system has been 

mapped in Figure 20. The information confirmed what had pre- 

viously been suspected but never reported, that like most other 

fossorial mammals the animal does not deposit pellets indiscrimi- 

nately in the open or within the burrow, but only in chambers pre- 

pared for that purpose. Numerous such chambers were sampled and 

the pellets were preserved for examination. 

Pellet Collection and Preservation 

The mountain beaver very seldom deposits even a single fecal 

pellet above ground. During the course of the principal study (Phase 

I) underground pellet chambers could not be found easily. There- 

fore, sample collection for Phase I involved capturing an animal and 

holding it in captivity until an activity period defecation occurred, 

and repeating the trapping procedure for additional animals at 

regular time intervals. 

Pellets were collected from the caged newly- captured animals 

in lots of from 10 to 30 pellets, placed in 14 g bottles, and covered 

.. 
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with 70 percent ethanol for indefinite preservation. Adams, 

O'Regan, and Dunaway (5) have described preservation of hare 

pellets in the dry state followed by the use of wetting agents to make 

their microscopic analysis possible. This method should also be 

applicable to mountain beaver pellets following oven drying to pre- 

vent mold growth. However, it was found that wet preservation 

made subsequent microscopic examination far easier by eliminating 

either the detergent procedure, which added to processing time, or 

the bubbles inevitable when dry material was placed directly in the 

glycerol- chloral hydrate mixture used as the spreading and clearing 

medium on microscope slides, so that dry preservation was not 

attempted. 

A total of 28 lots of pellets from study site or vicinity animals 

was collected during Phase I, as shown in Table XXIII. 

Captive Animal Colony 

After the initial pellet collection captured animals were main- 

tained in outdoor cages at the laboratory. These consisted of eight 

ground -level pens built inside an unused heavy -wire- mesh covered 

bird vivarium about the size of a small one -car garage, each 

enclosure approximately 0. 7x0.8x0.8 m and containing a large 

partitioned box providing a nest chamber on one side and feeding 

chamber on the other. Animals could be kept here almost 
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indefinitely, one (Animal 3) having survived in captivity more than 

three years. Duration of captivity for each animal is shown in 

Table XXIII; average length of captivity time was 70 days. At very 

few times were considerable numbers of animals kept concurrently, 

the largest number present at any one time being eight. Their diet 

consisted of fresh sword -fern and bracken as available supplemented 

by apples, lettuce, and alfalfa hay. 

The captive animals were used for experimental purposes, 

particularly feeding trials. A rack of eight elevated cages was con- 

structed in one side of the enclosure to provide greater isolation than 

was possible in the ground -level pens. These cages featured double 

wire mesh dividers of 1.2 cm galvanized wire mesh five cm apart so 

that neither animals nor foods could communicate between adjacent 

cages, and 1.8 cm galvanized wire mesh floors with a complete pan 

beneath each. Here feeding experiments involving single species of 

plants found in the study area were carried out, as described below. 

Animals were kept also for observations on behavior and for other 

purposes related to research carried on by colleagues. 

Chewing of wire sometimes occurred and sometimes escapes 

could not be prevented. In the few cases of escape during feeding 

experiments the animal was returned to the ground -level cage and 

the trial resumed from zero time with another animal. 

.. 
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Plant Project 

The plant project included all organization and activity directed 

toward insuring identification of plant fragments found in fecal 

pellets, and toward securing an analysis of the vegetation of the study 

site. The principal efforts focused on the establishment of recogni- 

tion items and matching reference items. 

The Recognition Item 

Allusion to the nature of the recognition item has been made in 

the Introduction. Adams (3, p. 153) has said (for herbivore applica- 

tion), "A recognition item is an anatomical element of the food plant 

which resists digestion, appears commonly in the feces, and is 

readily recognizable. . . ." It consists of a fragment of plant tissue 

with constant characteristics, some of which will be summarized 

below, which may be recognized at any time before or after ingestion 

as belonging to the species and part of the plant eaten. In order to 

establish routine procedures for the identification and counting of 

recognition items during field pellet analyses to be performed later, 

after collection from what were to be biweekly captives, it was 

necessary to discover as many recognition items per plant species 

that would be found in the diet as possible. Several preliminary 

tests were devised to produce a large number of them. 
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Sixteen species of vascular plants appeared as successional 

dominants of the study site (see Vegetation of the Study Site). It was 

assumed that some of these would be found as the major components 

of the annual diet. An effort was made to secure a single- species 

feeding trial for each dominant available to the animal and for each of 

several other species preferred by it. The trials had as objective 

the production of as much of the following evidence and data per 

species as possible: 

1. The quantity ingested; wet weight, dry weight per day bases. 

2. The quantity egested; wet weight, dry weight per day bases. 

3. The quantity digested (obtainable by difference, 1 minus 2). 

4. The kinds of plant organs eaten by the animal (whether roots; 

bark; stems; petioles (stipes, rachises); scales; leaves 

(pinnae, pinnules); flowers; fruits; spores). 

5. The rate at which ingested material moved through the 

digestive system to appear in fecal pellets. 

6. The masticated appearance of each of the plant organ 

tis sues. 

7. The nature of the best recognition items for each species. 

8. The percent of fragments appearing in fecal pellets as 

recognizable epidermis of the species fed when output was 

purely single species. 

9. An index number useful as a conversion factor to indicate 
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the ratio of the recognizable epidermis in fecal pellets 

among species when output of each was purely single 

species, and perhaps to relate this to intake by weight or 

leaf surface area. 

It was thought that some nutritional conclusions could also be 

reached by comparing results of these tests. 

Feeding Regimes and Single Species Feeding Trials 

Seventeen of the site species were actually tested during the 

summer of 1964 including. 11 considered dominant among the respec- 

tive vegetation layers plus five others selected for other reasons. 

A trial followed this procedure: 

1. Transferring the animal from its ground -level pen to the 

smaller elevated enclosed feeding cage with four walls, 

roof, and floor of wire mesh. 

2. Introducing approximately 1000 g (much more than it could 

possibly eat) of fresh vegetation of the test species care- 

fully checked for purity, daily for six days. 

3. Supplying water ad libitum by means of a 2 1 stoneware 

bowl refilled daily. 

4. Cleaning cages, emptying the metal pellet collection tray 

beneath each cage daily, weighing, recording, and 

preserving pellets by the same means indicated previously 
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Data on the trials and on the results of microscopic examina- 

tion of the fecal pellets for counts of the fragments produced are 

shown in Tables IV through XVII. Data indicated the following: 

1. Approximately two- thirds of the trials ran to completion, 

one -third did not. Relative completions (Column 3): 

11 6 -day runs (no mortality) 
1 5 -day run 
1 4 -day run 
1 3 -day run experimental animal died during trial) 
2 2 -day runs 
1 1 -day run 

2. Most of the experiments took place during the warm sum- 

mer months (Column 4). Nevertheless animal discomfort 

affected the outcome of trials. The cages although 

enclosed did not provide the warmth or security of the nest 

boxes, since the animal was on wire with no nest material 

(which might have been eaten instead of the test forage). 

3. The animals processed into pellets an average of 20 per- 

cent of a day's intake every subsequent day, meaning that 

nearly 100 percent passage had occurred by the end of the 

5th day (Column 29). Five species were processed to a 

point of no variation within or among pellets; these were 

6. Holodiscus discolor 
7. Acer circinatum 
8. Vaccinium parvifolium 
9. Polystichum munitum 

13. Pteridium aquilinum 

All other 6 -day trials produced from 3. 1 to 12.6 percent 

previously -fed species material. 

.. 
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Table N. Summary of Feeding Experiment Data: Species Fed 

Column number: 

1. 2. 3. 

Species fed; 
fresh field material 
from study site, 
collected daily 

Successive 
days of dates of 

feeding and pellet 
Common name sample collection 

Tree 
1. Tsuga heterophylla Western hemlock 2 July 21 -23 

2. Pseudotsuga Menziesii Douglas fir 4 July 21 -25 

3. Alnus oreszona Red alder 2 July 21 -23 

4. Prunus emarginata Bitter cherry 3 Oct 12 -15 

5. Sambucus callicarpa Red elderberry 6 July 21 -27 

Shrub 
6. Holodiscus discolor Ocean -spray 6 Aug S -11 

7. Rubus sbectabilis Salmon berry 6 July 21 -27 

8. Rubus parviflorus Thimble berry 6 July 21 -27 

9. Acer circinatum Vine maple 6 Oct 12 -18 

10. Vaccinium parvifolium Red huckleberry 6 Aug S -11 

Fern 
11. Polystichum munitum Western sword -fern 6 May 11 -17, Aug 23 -28 

12. Athyrium Filix femiña Lady -fern 6 July 1 -7 
13. Pteridium aquilinurn Western brake -fern 6 July 21 -27 

Other forb 
14. Lysichitum americanum Yellow skunk- cabbage 6 July 1 -7 
15. Montia sibirica Western spring beauty 5 Sep 27 -Oct 3 

16. Oxalis oregana Oregon oxalis 1 Aug S -6 

17. Digitalis purpurea Foxglove 6 Oct 12 -18 

4. 
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Table V. Summary of Feeding Experiment Data: Relative Quantities Ingested 

Column number: 

1. 5. 6. 7. 8. 9. 10. 11. 

Species 
fed 

Parts of 
plant fed 

Parts of plant 

eaten not eaten 
Estimated 

amount eaten 
Animal 
number 

Usefulness of 

Animal weight sample: 
in g stomach pellet 

Tree 
1. AGS L S VSm 24 672 NU;TSm NU;SeNC 

2. AGS L S Sm 23 475 U U;SeNC 

3. AGS L S, P Sm 26 683 NU;TSm NU;SeNC 

4. AGS L S, P Sm 34 589 U NU;SeNC 

5. AGS L S, P Lg 18 632 U;SeC 

Shrub 
6. AGS L S, P, B Lg 11 846 U;SeC 

7. AGS L, F S, P M 16 701 U;SeC 

8. AGS L, F S, P Lg 3 650 U;SeC 

9. AGS L S, P VLg 31 600 U;SeC 
10. AGS L, S Lg 18 632 U;SeC 

Fern 
11. AAG Pi St. R M 3 620 U;SeC 
12. AAG Pi St, R M 37 987 U;SeC 
13. AAG Pi St, R VLg 11 846 U;SeC 

Other forb 
14. AAG L P VSm 39 688 TSm;SeC 
15. AAG L, P S Sm 18 632 NU;TSm TSm;SeNC 
16. AAG L Sm 16 701 NU;TSm 
17. AAG L S, P Sm 29 unknown U;SeC 

Abbreviations: 

AAG All above - ground parts Lg Large SeC Series completed 
AGS Above -ground stems two M Medium SeNC Series not completed 

years or less old, with NU Not useful Sm Small 
leaves P Petiole TSm Too small 

B Blossom Pi Pinna or pinnule U Useful 
F Fruit R Rachis VSm Very small 
L Leaf S Stem 



Table VI. Summary of Feeding Experiment Data: Pellet Weights Obtained 

Column number: 
1. 12. 13. 14. 15. 16. 17. 18. 19. 20. 21. 

Wet weight in g of complete pellet Sample 

Species collection, by day of collection lot Total Mean Mean 
fed 1 2 3 4 5 6 number wet weight wet weight dry* weight 

Tree 
1. 1.0 0.0 S** 8A 1.0 0.5 0.15 

2. 7.6 *** 3.5 S 3A 11.1 5.6 1.6 

3. 7.0 S 2A 7.0 3.5 1.0 

4. 80.8 53.3 31.5 S 13A 165.6 55.2 16.0 

5. 20.0 13.4 8.4 12.7 31.0 7A 85.5 17.1 4.9 

Shrub 
6. 12.5 25.1 17.0 12.5 19.3 26.4 9A 112.8 18.8 5.4 

7. 8.4 6.1 1.9 5.1 8.1 32.4 6A 62.0 10.3 3.0 

8. 1.4 7.5 3.2 42.1 12.4 17.5 SA 84.1 14.0 4.0 
9. 50.7 36.5 39.0 43.8 56.4 39.9 14A 266.3 44.4 12.8 

10. 12.3 17.7 13.8 16.6 24.6 20.0 1 l 115.0 19.2 5.5 

Fern 
11. 8. 9 16.6 (_ 31.0) 19.6 lA 76.1 12.7 3.7 

12. 8.9 9.2 8.5 13.8 17.8 7.0 16A 65.2 11.0 3.2 

13. 28.1 45.0 49. S 49.3 72.6 70.0 4A 314.5 52.4 15.1 

Other fort 
14. 4.1 0.2 0.2 0.5 0.1 0.1 17A 5.2 0.9 0.3 

15. 6.7 4.7 0.0 0.7 0.6 R 12A 12.7 2.5 0.9 

16. 14.3 S 10A 14.3 14.3 4.1 

17. 9.4 2. 1 0.4 3.0 4.1 1.3 15A 20.3 3.4 1, 0 

*Dry weight determined by calculation on a 28. 9% of wet weight basis, derived from single large composite oven dry pellet 

collection kept at 1000C for three days, weight change on 3rd day less than 1 %. 

* *S, stomach sample taken (dead animal); R, pellet sample taken from rectum (dead animal). 

** *Underlined days, samples and weight records destroyed; in the case of Polystichum (species no. 11) the missing values have been 

supplied from another identical feeding experiment using the same animal. Here the 5th day collection included the two preceding 

days. 

_ 
- 

' 
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Table VII. Summary of Feeding Experiment Data: Fragments Counted From Last Day Pellet Samples, 
1/8 Pellet (Approx. 0.06 g) Spread Under 22 x 40 mm Coverslip 

Column number: 
1. 22. 23. 24. 25. 26. 

Total visible particles, 
Species 10 200X fields, 

fed dia. 1 mm 

> 1/S 
field 

no. % 

Size of particles 
1/5 -1 /10 field, 
one dimension 
no. % 

< 1/10 
field 

no. % 

Total visible 
particles 1/10 
field or larger 

no. 
Tree 

2. 582 30 5.2 52 8.9 500 85.9 82 14.1 

5. 7253 19 0.3 84 1.2 7150 98.5 103 1.5 

Shrub 
6. 3247 93 2.9 304 9.4 2850 87.7 397 12.3 

7. 935 30 3.2 80 8.6 825 88.2 110 11.8 

8. 2601 41 1.6 260 10.0 2300 88.4 301 11.6 

9. 2185 76 3.5 109 5.0 2000 91.5 185 8.5 
10. 863 44 5.1 69 8.0 750 86.9 113 13.1 

Fern 
11. 214 22 10.3 61 28.5 131 61.2 83 38.8 
12. 415 45 10.8 50 12.0 320 77.2 95 22.8 
13. 6186 48 0.8 138 2.2 6000 97.0 186 3.0 

Other forb 
14. 5152 41 0.8 111 2.2 5000 97.0 152 3.0 
15, 2223 84 3.8 89 4.0 2050 92.2 173 7.8 
17. 1154 48 4.2 106 9.2 1000 86.6 154 13.4 

Total: 33010 621 1513 30876 2134 
Percent of total: 1.9 4.6 93.5 6.5 
Mean of column: 2539 48 4.0 116 8.4 2375 87.6 164 12.4 

Table VIII. Summary of Feeding Experiment Data: Fragments Counted from Stomach Samples, 
0.06 g Spread Under 22 x 40 mm Coverslip 

Tree 
2. 696 18 2.6 178 25.6 500 71.8 196 28.2 
4. 920 43 4.7 127 13.7 750 81.6 170 18.4 

% 



Table IX. Summary of Feeding Experiment Data: Fragments Counted Not Belonging to Single Species Fed by Day of Last Pellet Collection 

Column 
number: 

26. 27. 28. 29. 3. 30. 

Species 
fed 

Total visible particles 
1/10 field or larger 

Total visible particles 
in category for pre- 
viousiy -eaten species 

Total visible particles 
in category for feeding 

experiment species 

Percent of identifiable 

particles represented by 
previously -eaten species 

Last day of 

pellet sample 
collection 

Days in captivity 
before beginning 

of feeding 
experiment 

Tree 
1. 79 33 46 41.8 2 9 

2. 82 2 80 2.4 4 9 

3. 2 0 

4. 3 15 

5. 103 13 90 12.6 6 26 

Shrub 
6. 397 0 397 0 6 94 

7. 110 4 106 3.6 6 30 

8. 301 17 284 5.6 6 386 

9. 185 0 185 0 6 44 

10. 113 0 113 0 6 41 

Fern 
11. 83 0 83 0 6 305;784 

12. 95 3 92 3.1 6 68 

13. 186 0* 185 0 6 89 

Other forb 

14. 152 11 141 7.2 6 68 

15, 173 4 169 3.5 5 93 

16. 
1 45 

17. 154 5 149 3.2 6 50 

*Additional difference between Columns 26 and 28 accounted for by hair of animal in pellet. tr 



Table X. Summary of Feeding Experiment Data: Sample Fragments Identified, Percent of Total 1/10 Field or Larger, One Dimension, in 

10 200X Fields; Epidermal Structures 

Column number: 
1. 28. 31. 32. 33. 34. 35. 

Species 
fed 

Total particles 
counted in category 

Adaxial: 
no. % 

Leaf epidermis 
Abaxial: 

no. % no. 
Total: 

% 

Hairs: 
no. 

Trichomes 

% 

Scales: 
no. % 

Tree 
2. 80 22 27.5 4 5.0 26 32.5 0 0 

5. 90 8 8.9 8 8.9 16 17.8 0 0 

Shrub 

6. 397 2 0.5 6 1.5 8 2.0 262 65.7 0 

7. 106 31 29.2 1 0.9 32 30.1 7 6.6 0 

8. 284 15 5.2 2 0.7 17 5.9 228 80.3 0 

9. 185 78 42.2 0 78 42.2 4 2.1 0 

10. 113 31 27.4 0 31 27.4 0 0 

Fern 
11. 83 45 54.2 8 9.6 53 63.8 1 1.2 3 3.3 

12. 92 5 5.4 0 5 5.4 0 0 

13. 185 34 18.4 7 3.8 41 22.2 83 44.9 1 0.5 

Other forb 

14. 141 0 0 0 23 16.3 0 

15. 169 53 31.5 0 53 31.5 0 0 

17. 149 39 26.2 1 40 26.9 17 11.4 0 

Total: 2074 363 36 400 625 4 

Percent of total: 17.5 1.7 19.2 30.1 0. 14 

Mean: 160 28 21.3 3 2.4 31 23.7 48 17.6 0.30 0.29 

0.7 
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Nutritional experiments on digestibility raise 

problems in regard to accurate intake and output marking. 

Prolongation has been one means of solution to such an 

extent as that mentioned by Maynard and Loosli (232, 

p. 283): "In its simplest form, a feeding trial is a record 

of results produced in terms of growth . . from a given 

feed or ration." Even when not so prolonged much time 

must be allowed. Three weeks on a diet to be tested fol- 

lowed by a 10 -day actual digestibility trial have been recom- 

mended as minimum (1, p. 36; 24). Validity of experiments 

allowing less than 15 days for adjustment has been 

questioned (1, p. 477). Since only relative purity of pas- 

sage was needed here the shortest time possible was 

selected. 

The usual test of rapidity of digestive passage uses 

markers. "Inert" chemicals like lamp black, carmine 

(220, p. 47), ferric oxide, or chromic oxide (232, p. 298) 

have been used for carnivores and omnivores. These dilute 

hopelessly for herbivores (ibid.). Balch (24) has recom- 

mended indigestible plant tissue (amounting to epidermis) 

like straw dyed digestion -fast with magenta or acid fuchsin 

to mark input at output. But no dye should be needed if the 

epidermis itself would do. 
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Two series of pellets from the five best trials 

mentioned were examined by using epidermal fragments as 

markers to determine the relative daily time food remains 

in the digestive system. The species selected were 

Holodiscus discolor (villous) and Vaccinium parvifolium 

(nearly glabrous) each with an evenly- distributed output 

(Columns 12 -17), nearly identical total output (Column 21), 

and complete series purity by at least the sixth day of 

feeding (Column 29), but very different epidermal cohe- 

siveness factors (Table XII, Columns 28 and 43). One 

pellet from each daily sample lot was selected for analysis 

as described in Table XVIII. Pellets had been collected 

every 24 hours during the feeding experiments in such a 

way that the sample lot was taken from the top of the pellet 

pile and represented the most recent defecation. The 

analysis is shown in Table XVII. Differences are attribut- 

able to one factor, pubescence. The pubescence of 

Holodiscus (which produced large numbers of trichomes 

not showing in counts in Table XVII because not large 

enough) appeared to cause rapid passage of epidermis so 

that it was found in the feces in less than 24 hours, while 

the lack of pubescence of Vaccinium slowed down its 

passage. The previous diet in each case had been a 



Table XI. Summary of Feeding Experiment Data: Sample Fragments Identified, Percent of Total 1/10 Field or Larger, One Dimension, in 

10 200X Fields; Non -epidermal Structures 

Column number: 
1. 28. 36. 37. 38. 39. 40. 

Species 
fed 

Total particles 
counted in category 

Large 
bundle: 

no. % 

Vascular tissue 
Single 
cell: 

no. % 

Total: 
no. % 

Reproductive 
structures* 

total: 
no. % 

Parenchyma, 
all kinds, 

total: 
no. 9 

Tree 
2. 80 32 40.0 0 32 40.0 0 22 27.5 

5. 90 20 22.2 0 20 22.2 0 54 60.0 

Shrub 
6. 397 21 5.6 0 21 5.6 0 106 26.6 

7. 106 25 23.6 0 25 23.6 0 41 38.7 

8. 284 6 2.1 14 4.9 20 7.0 2 0.7 17 5.9 

9. 185 71 38.4 6 3.2 77 41.6 0 26 14.1 

10. 113 41 36.3 0 41. 36.3 0 35 31.0 

Fern 
11. 83 15 18. 1 0 15 18.1 0 11 13.2 

12. 92 52 56.5 0 52 56.5 0 35 38.0 

13. 185 27 14.6 0 27 14.6 0 32 17.3 

Other forb 
14. 141 16 11.3 17 12.1 33 23.4 0 85 60.3 

15. 169 12 7.1 42 25.0 54 32.1 0 56 33.2 

17. 149 24 16.1 3 2.0 27 18.1 0 62 41.6 

Total 2074 362 82 444 2 S82 

Percent of total: 17.5 4.0 21.4 0. 1 28, 1 

Mean: 160 28 22.5 6 3.6 34 26.1 0.15 0.05 45 31.3 

*Includes sporangia, seed walls. Does not include microspores because of size limitation. 



Table XII. Summary of Feeding Experiment Data: Species Equivalence for Relation of Total Fragment Count to Epidermal Fragment Count 

Column number: 
1. 21 22. 28. 33. 41. 42. 43. 

Mean dry 
weight of Total Total visible particles 

Species pellets in particles 1 /10 field or larger 
fed Q /day visible for species fed 

Total epidermal particles 
1 /10 field or larger for 

species fed 

Percent of 500 1/10 
field particles 
represented in 

Column 28 

Number of 
epidermal 

particles on 
500 basis 

Epidermal particle 
species equivalence 

factor 
Tree 

2. 1.6 582 80 26 16.0 163 1.9 
5. 4.9 7253 90 16 18.0 89 3.6 

Shrub 
6. 5.4 3247 397 8 79.4 10 31.9 
7. 3.0 935 106 32 21.2 151 2.1 
8. 4.0 2601 284 17 56.8 30 10.6 

9. 12.8 2185 185 78 37.0 211 1.5 
10. 5.5 863 113 31 22.6 137 2.3 

Fern 
11. 3.7 214 83 53 16.6 319 1 

12. 3.2 415 92 5 18.4' 27 11. 8 

13. 15.1 6186 185 41 37.0 111 2.9 

Other fort, 
14. 0.3 5152 141 0 28.2 0 

15. 0.9 2223 169 53 33.8 157 2.0 
17. 1.0 1154 149 40 29.4 136 2.3 

Range, 
unit 1- 1- 1- 1- 1- 1- 

basis: 50 33 5 16 32 32 

t 1 t 
Indicates Indicates Indicates 
"palatability" 
When maintained 

"digestibility" 
when maintained 

"cohesiveness" 
when maintained 

- 

_ 



Table XIII. Summary of Feeding Experiment Data: Apparent Digestive Efficiency and Calculated Caloric Intake Using Polystichum Diet 

Column number: 
44. 45. 46. 47. 48. 49. 12. -16. 50. 51. 

Adjusted total 
Intake, wet Evaporative loss* Amount to intake, Intake, dry ** weight, 

(5 -day total) (5 -day total) be added wet weight percent of wet 
Intake 

dry weight 
Pellet 

wet weight 
Pellet 

dry weight 
Pellet dry weight, 
percent of wet 

190.0 g 18.2% 34.6g 224.6 g 27.9% 62.7 g 56.6g 13.Og 23. 1% 

Column number: 
52. 53. 54. 55. 56. 57. 10. 58. 

Percent dry intake 
recovered in feces 

Percent dry intake 
digested = apparent 
digestive efficiency 

Intake digested, 
dry weight 

Caloric value of dry*** 
material ingested 

Total caloric 
value of 
intake 

Caloric intake 
per day 

(5 -day basis) 
Animal 
weight 

Calories needed 
per * * ** day. basal 

20.7% 79.3% 49.7 g 4.2 kcal /g 208.7 kcal 40.7 kcal 774 g 31.6 kcal 

*Control quantity of 1288g weighed 1053g at end of experiment. 
**Value determined individually for this species, and therefore differing from composite value used in Column 21. 

** *Value obtained from Colley (133, p. 582). 

*** *Using the formula 0.734 
Q =70.5M 

for basal metabolic rater where Q is kcal /day, M is body weight in kg, from Benedict (29, p. 176f). 

o` O 



Table XIV. Summa of Feeding Experiment - riment Data: Apparent arent Suitability of Species ecies Fed as Ration 

Column number: 
1. 21. 53. 59. 60. 10. 61. 62. 

Species 
fed 

Pellet output per day, 
mean dry weight in g 

Digestive efficiency 
factor used 

Apparent intake 
per day, mean 
dry weight in g 

Apparent caloric 
intake per day in 

kcal* 

Animal 
weight 
in g 

Calories needed 
per day, basal, ** 

in kcal 

Apparent suitability 
of species fed as 

energy -providing 
ration 

Tree 
1. 0.15 79. 3% 0.7 2.9 672 28.6 NS 

2. 1.6 7.7 32.3 475 22.1 S 

3. 1.0 4.8 20.2 683 28.9 NS 

4. 16.0 " 77.3 324.7 589 25.9 S * ** 

5. 4.9 23.7 99.5 632 27.3 S 

Shrub 
6. 5.4 26.1 109.6 846 33.8 S 

7. 3.0 14.5 60.9 701 29.5 S 

8. 4.0 19.3 81.1 650 27.8 S 

9. 12.8 61.8 259.6 600 26.2 S 

10. 5.5 26.6 111.7 632 27.3 S 

Fern 
11. 3.7 18.0 75.6 774 31.7 S 

620 26.9 S 

12. 3.2 15.5 65.1 987 37.9 S 

13. 15. 1 72.9 306.2 846 33.8 S 

Other forb orb 

14. 0.3 1.5 6.3 688 29.0 NS 

15. 0.9 4.4 18.5 632 27.3 NS 

16. 4.1 19.8 83.2 701 29.5 S * ** 

17. 1.0 4.8 20.2 unknown 29.0** ** NS 

*See Column 55. **See Column 58. 

***The *The estimated, small amount eaten ( Column8 )'and and the fact that each animal died before completion of the series (Columns 11 and 12 -17) 

nullify the apparent suitability. 
* * * *On basis of mean weight of all other animals fed (Column 10) = 690 g. 
Abbreviations: S Suitable NS Not suitable 

" 

I 

" 
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Table XV. Summary of Feeding Experiment Data: Epidermis -Parenchyma and Epidermis -Vascular Tissue Ratios from Pellet Fragment Counts 

Column number: 
1. 28. 41. 42. 63. 64. 65. 66. 

Percent of Number of Epidermis 
Total visible particles S00 1/10 field Number of Number of Epidermis vascular tissue vascular 

Species 1/10 field or larger particles represented epidermal particles parenchyma particles parenchyma particles on tissue 
fed for species fed in Column 28 on 500 basis on 500 basis ratio S00 basis ratio 

Tree 
2. 80 16.0 163 138 1:0.8 200 1:1.2 
5. 90 18.0 89 300 1:3.4 111 1:1.2 

Shrub 

6. 397 79.4 10 134 1:13.4 26 1:2.6 
7. 106 21.2 151 189 1:1.3 118 1:0.7 
8. 284 56.8 30 30 1:1.0 35 1:1.2 
9. 185 37.0 211 70 1:0.3 208 1:1.0 

10. 113 22.6 137 155 1:1..1 181 1:1.3 

Fern 
11. 83 16.6 319 66 1:0.2 90 1:0.3 
12. 92 18.4 27 190 1:7.0 283 1:10.5 
13. 185 37.0 111 86 1:0.8 73 1:0.7 

Other forb 
14. 141 28.2 0 301 117 
15. 169 33.8 157 166 1:1.1 160 1:1.0 
17. 149 29.4 136 211 1:1.6 92 1:0.7 
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Table XVI. Summary of Feeding Experiment Data: Influence of Forage Species Fed on Typical 
Pellet Size 

Species Common Length 

fed name in mm 

Tree 
1. Western hemlock 5.9 

3. Red alder 8.6 

5. Red elderberry 13.5 

Shrub 
7. Salmon berry 14.6 

8. Thimble berry 16.8 

Fern 
13. Western brake -fern 19.0 

Table XVII. Percent Identifiable Fragments 0. 1 Field or Larger of Pure Species Fed Found on 

Pellet 
size 

Pellet dry 
weight in g 

0.0418 

0.0758 

U0. 1052 

0.0895 

(::::::::) 0. 1498 

0.2098 

Diameter 
in mm 

5.1 

5.0 

5.0 

4.7 

4. 1 

7.2 

Successive Days of Feeding Experiments 

Species Day: 1 2 3 4 5 6 

100 100 

1.00 100 

1. Holodiscus discolor 

2. Vaccinium parvifolium 

Mean for 2: 

9.7 

0 

4.9 

57.1 

53.8 

55.5 

53.8 

81.8 

67.8 

91.7 

95.2 

93.5 100 100 

Table XVIII. Epidermis -Parenchyma and Epidermis - Vascular Tissue Ratios from Stomach Contents 

Fragment Counts 

Species 
fed 

Total visible 
particles 

1/10 field or 
larger for 
species fed 

Percent of 
500 1/10 field 

particles 
re presented 

at left 

Number of Number of 

epidermal parenchyma 
particles on particles on 

S00 basis 500 basis 

Number of 
vascular Epidermis 

Epidermis . tissue vascular 
parenchyma particles on tissue 

ratio 500 basis ratio 

2. 196 39.2 56 411 1 :7.2 35 1 :0.63 

4. 170 34.0 53 329 1 :6.2 44 1 :0.83 

O Q U 

() 
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mixture of Pteridium aquilinum and Polystichum munitum 

easily distinguishable from the test diet. 

In Neotoma fuscipes Linsdale and Tevis (214, p. 

264) found that 

Remains of food usually appear in feces 24 

to 48 hours after the food is eaten. The feces of 
a rat obtained 24 hours after the animal began to 
eat live oak foliage showed no trace of that 
plant. . . . 

Live oak has a relatively glabrous leaf. In any case, 

initial passage time into the feces must vary among plants 

but the important feature is that a minimum five days 

passed in each case for the relatively complete flushing 

of all previously- ingested material from the system. 

Therefore five days was used as the value for complete 

digestion time. 

4. Shrubs and ferns provided the preferred rations among the 

plants tested (Columns 3, 8, 11, 21, 60). 

5. The "estimated amount eaten" in Column 8 could not be 

measured more quantitatively because the feeding experi- 

ment cages allowed forage to be moved, soiled, or used as 

bedding by the animal, and an accurate weight of the 

ingested amount with correction for evaporative loss was 

found to be unobtainable in these facilities. Weighing 

intake and determining the quantity digested were therefore 
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abandoned for Phase I except for one experiment with 

Polystichum (Columns 44 -58). Checking of foliage remains 

to determine parts eaten or rejected continued. 

6. A relation between adjustment of the animal to captivity by 

having been allowed enough time to adapt to cage conditions 

before being used in a feeding trial, and success in com- 

pleting the trial, was noted (Column 30). No animal that 

had been in captivity less than 26 days before being used 

completed a trial. Only one animal that had been in cap- 

tivity more than 30 days succumbed. 

7. A large variation in apparent daily intake, daily fecal out- 

put, and apparent daily energy requirement was noted 

(Columns 8, 21, and 60). Possible explanations are: 

a. the caecum of the animal acted as a regulator by 

liberating more or less than normal under the 

influence of the diet or the cage conditions or 

both. If the animal showed a large fecal output 

but a small food intake the plant fed or the 

environmental conditions may have had a laxative 

effect on a large caecal reserve; if a small out- 

put, a costive effect. 

b. a high energy requirement, if verifiable by both 

a large food intake and a large fecal output, may 
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have resulted from hyperactivity as a reaction to 

cold (nights were cool) or the new cage conditions. 

8. In Column 22 the high variation among species in the num- 

ber of fragments in 10 microscope fields seen during the 

counting procedure (unit basis range 1 to 50) indicated the 

operation of a digestibility factor related to either the 

suitability of a plant species as food, or to the efficiency of 

the digestive system in response to the ration, or both. On 

the scale indicated the plant with the least number of fecal 

fragments would be most digestible; this was Polystichum. 

The plant with the greatest number of fragments would be 

least digestible; this was Sambucus callicarpa. 

9. In Column 28, the low variation among species in the num- 

ber of fragments 0.1 mm or larger in one dimension (unit 

basis range 1 to 5) indicates a narrow range of cohesiveness 

when all foliar tissues are considered. But epidermal 

tissue fragments of this size (Column 33) showed a much 

greater range (unit basis range 1 to 16) provided that 

Lysichitum (which produced no epidermal fragments of this 

size) was not considered. In Table XII an effort was made 

to relate the number of epidermal fragments of this size 

likely to be counted to a total fragment of this size count 

of 500. Column 43 shows this relation to the most 
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cohesive species for epidermis, Polystichum. 

10. Comparison of Columns 31, 32, and 33 shows that only one 

species produced more abaxial than adaxial epidermal 

fragments of the 0.1 mm or larger size; this was 

Holodiscus. All others produced either equal proportions 

of the two (Sambucus) or significantly more adaxial than 

abaxial material. 

11. Influence of the number of trichomes on the total 0.1 mm 

particle count is shown in Column 34. Subtraction of 

these elements from the "total particles counted in 

category" figures (Column 28) would reduce the range from 

1 to 5 to 1 to 2.26. Therefore the actual tissue cohesive- 

ness among the species on which tests were reasonably 

completed can be considered very consistent. 

12. The range of vascular tissue fragments (Column 38) 

showed a unit basis range of 1 to 5. By the term "single 

cells" was meant, helical or similarly -walled elements 

appearing alone; only five species produced these and they 

were consistently absent from ferns. 

13. Digestive efficiency of 79.3 percent derived from the 

Polystichum diet (Column 53) shows a value which, while 

not averaged from a number of trials, corresponds 

closely with predicted values for a rodent of this size (132). 
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14. Reasons for the wide range in apparent caloric intake per 

day (Column 60) have been considered and have been 

assigned to caecal releases larger than intake or environ- 

mental factors affecting behavior. The possibility range 

for caloric intake values for small mammals has never 

been published. 

15. Some suitability of the species fed as acceptable energy - 

providing ration has been indicated in Column 62. All 

shrub and fern species used in the trials appeared to pro- 

vide an adequate short -term diet. Only two tree species 

tested and no ground cover plant tested proved adequate 

or acceptable, subject to the lowered reliability indicated 

by animal subjection to a general alarm reaction. 

16. The epidermis- parenchyma ratio (Column 64) ranged from 

1 :0.2 (Polystichum) to 1 :13.4 (Holodiscus), again indicating 

that Holodiscus had either a low digestibility factor or a low 

epidermal cohesiveness factor or both. Athyrium, without 

a low digestibility factor rating, had an epidermis - 

parenchyma ratio of 1:7.0 to indicate a low epidermal 

tissue cohesiveness factor. All other plants clustered 

close to 1:1. 

17. The epidermis -vascular tissue ratio (Column 66) ranged 

from 1:0.3 (Polystichum) to 1:10.5 (Athyrium), again 
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indicating that Athyrium had a low epidermal tissue 

cohesiveness factor. Holodiscus (1:2.6) was the only other 

plant successfully tested with a value greatly different from 

1:1. 

Analysis of Plant Parts Eaten by the Animal 

Examination of the experimental plant parts refused by the 

feeding trial animals and observation of feeding activity in each case 

established generally uniform organ selection behavior toward all 

preferred species tested. Columns 6 and 7 of Table V indicate 

briefly what parts were eaten and what were not. Only above- ground 

parts were offered and no woody stems over two years old were 

offered. Of these the animal ate leaves and leaves only except for 

Rubus spectabilis and Rubus parviflorus fruits (seed walls found 

subsequently in pellets, Column 39), Montia sibirica petioles, and 

the green stems of Vaccinium parvifolium. Crouch (81, p. 85) has 

said of Vaccinium parvifolium, "This species is unique among the 

browse plants . . . because it retains twig succulence for at least 

two seasons." Succulent is defined (1, p. 32) as containing a low 

percentage of dry matter. The conclusion must be that only 

succulent organs and of these primarily leaves constitute the pre- 

ferred plant parts consumed. 
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Analysis of Plant Parts Not Digested by the Animal 

Tables X, XI, XII, and XV show that the three tissue systems 

of vascular plants, the fibrovascular, fundamental, and epidermal, 

all contribute to the fecal residue. If the extreme values for Table 

XV are not counted (Holodiscus and Athyrium because epidermis not 

cohesive) the mean for Column 64, "Epidermis- parenchyma ratio," 

is 1. :1.16 and the mean for Column 66, "Epidermis- vascular tissue 

ratio, " is 1:0.93 or in each case very close to 1:1 giving a total 

1:1:1 fecal distribution for epidermis -parenchyma -vascular tissue. 

What is the distribution for intake? 

Table VIII provides some data for the stomach contents 

analysis of two species, Pseudotsuga Menziesii and Prunus 

emarginata. Both possess cohesive epidermis. Table XVIII adds 

information for these comparable to that of Table XV for the fecal 

pellet analysis. The mean integral value distribution for the three 

undigested tissues in the stomach for these plants is 1:7:1; the pre- 

dicted value would be about 1 :13 :1 or 6.5 times more parenchyma 

than epidermis and vascular tissue combined to provide an 

undigested- digested ratio of 1:4 to correspond to the nearly 80 per- 

cent digestive efficiency already noted under Column 53. 

Mountain beaver fecal material then retains about one -fifth 

of intake depending on digestibility and also contains a five -day 
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qualitative representation of the diet species. Evidence noted above 

strongly suggests that little vascular tissue digests presumably 

because of its lignification (76, p. 296; 111, p. 37). Almost as 

little epidermal tissue digests presumably because of cutinization 

and cuticularization (waxification) (111, p. 50). Both these tissues 

may by -pass caecal storage. But leaf parenchyma digests to within 

ten percent of its original quantity after its retention in the caecum 

for cellulose hydrolysis. 

Any cellular or tissue component of the leaf could be found in 

the macerated products of digestion. However neither vascular 

tissue (xylem: tracheids, vessels; phloem: sieve cells, sieve tubes) 

nor parenchyma (collenchyma, sclerenchyma, mesophyll: palisade 

parenchyma, spongy parenchyma) of leaves could provide any 

among- species recognition items with the exception of one. No 

useable recognition item other than leaf epidermis was found for any 

species except Polystichum munitum. In its case sporangia, spores, 

scales, and large -diameter tracheids were distinctive as well 

except during the fresh growth of the plant in May. 

Therefore leaf epidermis became almost the single source of 

recognition items in the field pellet analysis counting procedures. 

Baumgartner and Martin (27), Dusi (98), and Williams (373) all also 

came to the same conclusion in their work. 
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The Nature of Leaf Epidermis and Some Other Leaf Tissue 

Knowledge of the structure of the leaf became important as a 

guide to determining the source of recognition items and possibly of 

nutritional components of the diet. 

The literature on plant anatomy has recently (1960) been 

reviewed by Esau (111). Other authorities on histology, morpho- 

genesis, and morphology consulted included Albersheim (7), Ashby 

(18), Foster (122), Hummel (173), Jeffrey (180), Penhallow (272), 

Plymale (281), Prat (285), G. H. Smith (324), G. M. Smith (325), 

Solereder (326), Tetley (350), and Wylie (381). 

According to Weaver and Clements (366, p. 424) the plant 

species growing on the study site classified as either hydrophytes 

(few of the species; plants wholly or partly submerged in water) or 

as mesophytes (most of the species; plants subject to neither excess 

nor lack of water). Fifteen of the 16 species considered as layer 

dominants were mesophytes, Lysichitum americanum being the only 

hydrophytic dominant tested in the feeding experiments. Weaver and 

Clements (366, p. 438) have said of the me s ophytic plant, 

The foliage . . . shows a maximum development. 
The leaves are large and of moderate thickness. Owing to 
the thin, transparent epidermis, which is moderately 
cutinized, and an abundant development of chlorophyll, 
they are of a deep -green color. . . . 

The authorities listed have illustrated or described many principles 

.. 
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and generalizations in regard to macrophyll (325, vol. 2, p. 136) 

structure of mesophytes which will be summarized here in these 

brief statements: 

1. Plant organs contain tissues separated by boundaries. Of 

the three tissue systems of vascular plants (111, p. 5) the 

most interior (fibrovascular) is the least variable among 

species, the middle (fundamental) is more variable, and 

the exterior (epidermis, or periderm in older parts) is 

most variable in terms of species differences in cell shape 

and size. 

2. Boundaries are more marked in primitive plants than in 

others; in all vascular plants the stem may be "progres- 

sive," with fewer boundaries, while the root and leaf are 

"conservative" and always retain more boundaries than 

the stem (180, p. 8). 

3. The leaf shows a dorsiventral orientation, the upper 

(ventral) side being known as the adaxial side, the lower 

(dorsal) the abaxial (111, p. 413). 

4. The leaf lamina consists of from five to eight tiers of cells 

layered into an adaxial epidermis one cell layer thick, up 

to two times thicker than the abaxial (381, p. 356), the 

palisade parenchyma from two to five tiers thick, the 

vascular bundles in veins displacing the mesophyll, with 
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xylem on the adaxial, phloem on the abaxial side (111, 

p. 426), the spongy parenchyma several tiers thick, and 

the abaxial epidermis one cell layer thick with stomata. 

5. Both palisade and spongy mesophyll become thicker in sun 

leaves (381, p. 356); the mesophyll contains most of the 

digestible nutrients while epidermis and vascular tissue 

furnish most of the "crude fiber" of the proximate analysis. 

6. The epidermises (especially the adaxial) feature a cohe- 

siveness so that it and /or its cuticle can be removed as an 

unbroken layer (111, p. 143; 163, p. 443). 

7. The anticlinal walls of the epidermis may be undulate 

(111, p. 414) due to a single pulse each. of perpendicularly 

alternating tangential and radial growth during each diurnal 

cycle of the vernal expansion period, which may affect the 

plastic period (plastochronic for each cell) of the cell for 

several days before secondary wall formation and other 

stiffening take place. This characteristic varies among 

species to make the epidermis distinctive for each species. 

8. The epidermis may be provided with cells which can grow 

extensions as trichomes or enough of these to form a 

vesture (203, p. 775). 
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The Reference Item 

The single species feeding trials established the nature of the 

best recognition items. Use of the information from the trials was 

now extended to many of the species of plants found on the study site. 

A complete collection of site plant species was needed for several 

purposes. 

Herbarium Collection 

The schedule of trips into the study area totaled over 100 

during the course of the combined projects. Plants were collected 

on many or most of these. Collections were made at all seasons 

but most specimens were secured during the anthesis of the species. 

A total of 141 vascular species occurred on the site as shown in 

Appendix I. At least one herbarium specimen was processed for 

each species, identified, checked in manuals by Abrams (2), Gilkey 

(128), Hitchcock et al. (167), Peck (269), and Pembrook (271), 

mounted in standard manner (203, p. 234 -248) for preservation (the 

conifers that shatter easily were not mounted), and labeled. All 

subsequent plant identifications necessary depended on the herbarium 

collection. 



76 

Vegetation Analysis of the Study Site 

The original forest previously occupying the study site and its 

vicinity occurred within what Shelford (313, p. 211) has termed the 

Northern Pacific Coast Rainy Western Hemlock Forest Biome. He 

has characterized a stand of the undisturbed vegetation as follows 

(ibid.): 

The mature dominant trees are very tall, 125 to 200 

feet (38 to 60 m) high and 5 to 15 feet (1.5 to 4.5 m) in 
diameter. . . . They form a canopy which makes a deep 
shade over 89 to 90 per cent of the ground. Secondary 
trees and shrubs find growth impossible except in canopy 
openings. In the mature forest, shrub and herb layers 
are poorly developed and consist of relatively few species. 
The layer of duff and organic soil is deep. . 

The biome may be divided into the hemlock -cedar 
forest on the western slope of the Cascades and through- 
out the coast ranges. . 

Peck (269, p. 10) has described the vegetation of the inland 

Coast Range mountains more adequately in terms of species con- 

tributing to disclimax succession: 

This area is one of almost continuous heavy coniferous 
woods, except where the latter have been depleted by 
lumbering operations and fire. Deciduous trees occur in 
the deep, narrow valleys of streams and on the higher slopes 
that have been burned over. . . . Alnus rubra and Acer 
macrophyllum are the most abundant of the deciduous trees. 
Ferns and mosses comprise the most conspicuous elements 
of the herbaceous vegetation. 

As a whole, the area is relatively poor in species if 
we exclude those that have crept into the more or less 
cleared valleys from surrounding territory, and it is very 
poor in endemic forms. . . . 

. . 

. . 
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The classical vegetation analyses have consistently chosen 

undisturbed habitats. Several of these have been accomplished in 

the Oregon Coast Range. They include a study on Saddleback 

Mountain south of the Grand Ronde -Otis highway (Highway 18), first 

by Dirks - Edmonds (93) and then by Macnab (221), another by 

Neiland (261) on an unburned area (the "Green Island ") in the 

Tillamook Burn between the Wilson and Trask Rivers south of the 

Banks - Tillamook highway (Highway 6), and one on Marys Peak itself 

by Merkle (237) but at higher elevation than that of the study site. 

In many locations in this area the successional dominant tree 

species is not western hemlock or giant cedar, but Douglas fir. 

Merkle (1E. cit., p. 620) has said, 

. . In the Coast Range of Oregon . . . the climate at 
lower elevations is apparently too dry for Tsuga 
heterophylla . . . and Thuja plicata . . to thrive 
sufficiently well to attain climax status. Pseudotsuga 
taxifolia maintains a climax status in this area and 
fire is not necessary in order for it to persist here. 

The original climax forest on this site on the north side of Marys 

Peak consisted of Douglas fir with a moderate mixture of western 

hemlock and giant cedar. 

In the Northwest much effort has also been directed to the 

study of managed or natural regeneration following logging, and such 

studies applicable to Oregon and Washington Coast Range conditions 

have been reported by Isaac (179), McArdle and Isaac (233), Munger 

. 

. 
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(255, 256), and Reid, Isaac, and Pickford (288). Three additional 

studies, one by King (193), another by Moore (250), and a third by 

Staebler, Lauterbach, and Moore (329), have been directed to animal 

damage effects on tree farm Douglas fir seedlings. 

Other ecological studies or reviews on Northwest forest habitat 

applicable to the study site include those by Bailey (20), Becking (28), 

the Forest Soils Committee of the Douglas Fir Region (121), and 

Krajina (202). 

Several generalizations apply to the regrowth following logging. 

Reid, Isaac, and Pickford (288, p. 1) have said, "The westside lands 

produce an abundance of weed vegetation after timber is removed." 

The species mentioned as growing first after cutting the forest and 

burning the slash are fireweed, bracken, and blackberry (p. 3). 

McArdle and Isaac (233, p. 4010) have indicated that later ". . . the 

important herbaceous plants are vanilla leaf . . . wood sorrel . . 

trillium . . . twinflower . . and various ferns," and during the 

early regeneration period (p. 4014), 

. . . Annuals like senecio may form 90 percent of the ground 
cover one year and completely disappear the next season. 
Thistles and other biennials may predominate for two years. 
But perennials like fireweed and bracken fern often persist 
until choked out by brush or forest cover. On areas which 
have been burned repeatedly, bracken fern soon becomes 
and often remains the dominant species. 

During the 20 or more years since the forest on and surrounding 

the study site had been cut the dominant regrowth had been red alder, 

. 

. 
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covering many sections and even townships between Marys Peak and 

the coast and appearing more like a climax than a subclimax stage. 

The situation has become almost general in much Coast Range logged 

area succession. This hardwood forest allows abundant understory 

and ground cover including the herbaceous species mentioned, 

especially ferns, as well as many others. The unwanted succession 

has provoked Staebler, Lauterbach, and Moore to observe (329, 

p. 730), 

. . . The sequence in the Pacific Northwest is a familiar 
one; removal of the forest, often followed by slash or 
accidental fire, results in a great increase in the vegeta- 
tion preferred by many animals, and populations are quick 
to build up. Frequently, deer, rabbits, and rodents, 
particularly mountain beavers, become so plentiful that 
the animals deplete their new food source and are forced 
to eat the less palatable species, including forest seedlings 
that may have been planted. 

The vegetation analysis method desired in this study was to be 

quantitative, in order to express the food resources in the same 

terms as the harvest by the animal. Methods of vegetation analysis 

have often been reviewed. Absolute measures evaluated by Greig- 

Smith (139, p. 5 -9), for example, have included density, cover, and 

yield. It was decided that the values to be obtained would include 

yield, for vegetation available to the animal, and cover, for over - 

story and shrub vegetation not readily available. 

After speaking of density determinations, Greig -Smith has 

said (p. 8) , 
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. . . Measures of yield call for little specific comment. 
They are determinations of quantity of material produced 
per unit area and are made in a similar way to density 
determinations, the harvest of the relevant material being 
substituted for a count of plant units. 

Sampling must be done to derive the yield data and the size, 

shape, and number of sample units must be decided. Greig -Smith 

has continued (p. 27), 

The theoretical relationship for density data between 
the mean and its standard error is in practice of little 
assistance in deciding the number of quadrats necessary. 
In the field individuals are almost always found not to be 
randomly distributed but to show contagious distribution. 
In the present connection the important feature of this is 
that the variance is greater than the mean. Very rarely 
individuals may be regularly distributed, with variance 
less than the mean. Thus the calculated value of 1/ 
for the ratio of standard error of mean to mean for x 
individuals counted is of very limited use as a guide to 
the number of samples that should be used. 

He has added (p. 33), 

Sampling yield in its various forms is more straight- 
forward than sampling density, as the data obtained will 
usually show an approximately normal distribution with 
variance independent of the mean and will vary continu- 
ously. . . . Since distribution of data is normal, no pre- 
diction can be made of the number of samples necessary 
for a given degree of accuracy in the mean, unless there is 
information on the variance found for the same species in 
other closely similar communities. 

Spurr in another review restricted to forest ecology has said 

(328, p. 252), 

To sample adequately all the different layers and 
communities within the forest, the best practice is to 
establish a series of nesting plots, the largest of which 
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is used to evaluate the overstory tree canopy and the 
smallest of which is used for the annuals and other smaller 
plants. 

The layers he has enumerated as possible are (p. 255) 

overstory, 
tree understory, 
shrub layer, 
herb layer, and 
forest floor cover. 

Since all of these were represented on the study site, it was further 

decided that the last two and parts of the third (the available forage 

layers) would be analyzed in terms of yield, and parts of the third 

and the first two (usually unavailable to the animal) would be 

analyzed in terms of cover. 

The best reviews of methods of quantitative analysis of forage 

have been written by Ursic and McClurkin (363) and Boyer (40). 

Ursic and McClurkin have said (p. 71) in regard to unit size of 

samples, "The quadrat most commonly used, particularly in studying 

grass and herbaceous plants, is one meter square." They have pro- 

posed dividing an area into blocks, of uniform size, and then the 

"selection" of "random sampling units," at least two, in each block. 

Boyer (p. 11) has commented on the measurement of yield, 

. . . Plant weight is one of the best quantitative character- 
istics of plant growth. . For comparing the species 
composition of a plant community on a percentage basis, 
dry weight is probably the best available value. . . . 

The weight method in plant ecology is known as per- 
centage productivity, dry -weight analysis, list weight, or 

. . 
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weight list. Herbage samples for botanical analysis are 
cut at the ground line, separated into species (known as 
separations), dried at 98 -100o C for 24 hours, cooled 
in a desiccator, and weighed. . . The procedure has 
been simplified by weighing only the whole sample and 
estimating the weight of separations. . . . The main 
disadvantage of the herbage -weight method is that it is 
expensive and time- consuming. 

The analysis as planned followed most of the foregoing sugges- 

tions. It included compiling a complete species list from the 

herbarium collection, making a monthly survey of the site to catalog 

aspection and phenology, and sampling the area to measure yield and 

cover. It followed considerations presented by Greig -Smith (139, 

p. 23) in regard to dividing an area into blocks ( "systematization ") 

and letting quadrats within the blocks be selected by chance ("ran- 

domization") as shown by the scattering in Figure 4. 

The date of August 13, the end of the aestival aspect (221, 

p. 48), was arbitrarily decided upon as the probable date of maximum 

vegetation height and weight for the total biomass of vegetation on the 

site. All productivity samples were taken within a 10 -day period 

following this date. The two- hectare study area was marked by 

means of a grid into ten equal -sized rectangular plots on August 15, 

1965. Each of these plots was then treated as follows: 

A large quadrat 10 m on a side for tree and shrub cover 

analysis was marked out in the center of each plot. This set of 

100 m2 quadrats was censused on August 31, 1966. 

. 
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A single m2 plot was marked out in the center of each 100 m2 

plot on August 16, 1965. This was clipped at ground level to remove 

all herbaceous growth and vertically upward along the boundaries to 

include shrub growth available to the animal with the limited climb- 

ing indicated as possible by harvest marks (40) to a height of one m, 

this material then being analyzed for percentage species content, 

collected into large paper bags, marked, weighed, oven dried in a 

Partlow Despatch drier at the laboratory for 72 hours (last 24 -hour 

period weight change less than one percent) at 100° C, and weighed 

again. 

The same m2 plots were clipped again on August 22, 1966, and 

the yield measured as before. 

In addition three other m2 plots were chosen by purely ocular 

criteria for randomness (dry weight variation ranged from 21 to 

610 g /m2) within the boundaries of each 100 m2 plot, or on the 

boundary, analyzed for species composition, and clipped and 

measured in the same manner as the center plot, from August 22 to 

26, 1966. The location of all plots has been shown in Figure 4. 

The total number of plots analyzed was then as follows: 

10 100 m2 quadrats, for overstory, tree understory, 

and major shrub cover. 

10 1 m2 quadrats, for measured annual yield, 1965- 

1966. 
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10 1 m2 quadrats, for approximate annual yield, 1965. 

30 1 m2 quadrats, for approximate annual yield, 1966. 

40 1 m2 quadrats, for approximate annual yield, any 

year. 

The vegetation analysis appears in the section on Results and 

Histological Technique to Secure Reference Material 

The reference item consisted of a tissue entity from a known - 

species plant so processed that it matched and thereby insured 

identification of a similar tissue entity recovered in the sample to be 

analyzed- -this tissue fragment previously referred to as the 

recognition item. Matching of the recognition item with the reference 

item became the basis for the counting procedure leading to quantita- 

tive estimation of species consumption. 

Two kinds of tissue preparation were adequate for the proces- 

sing of plant material of the known species identifiable from the study 

site herbarium collection. The first provided macerated material 

of entire leaves, petioles, or stems. The second provided leaf or 

stem epidermis. 

Entire plants or entire above - ground stems were collected 

from the study site, placed in plastic bags, and returned to the 
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laboratory for microtechnique procedures. At the laboratory the 

plants were identified from the herbarium specimens, immersed in 

water, and processed within the next 24 hours. 

The first procedure included macerating blocks of tissue not 

more than 10 mm on a side and usually less in at least one dimen- 

sion, teasing, and staining according to a schedule assembled from 

Johansen (182, p. 104) and Blaydes (36), the latter being the 

authority for the stain used. A series of watch glasses with the 

necessary reagents was established for the complete procedure as 

follows: 

1. Cut material into cubes or blocks. 

2. Kill and fix, FAA, 18 hours or more. 

3. Wash, 50 percent ethanol. 

4. Repeat 3. 

5. Macerate in a mixture of 10 percent nitric acid and 

10 percent chromic acid freshly prepared 4 -48 hours; 

tease. 

6. Wash, tap water. 

7. Stain, phenolic Bismarck brown Y, 6 -10 hours. 

8. Rinse, tap water, until surplus stain removed. 

9. Dehydrate via 10, 30, 50, 70, 95, 100 percent 

ethanol, 3 min each. 

10. Immerse, oil of wintergreen, 10 min. 
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11. Tease, spread on slide, mount in Canada balsam. 

12. Cover 

This procedure produced separation of all the kinds of tissue 

encountered in pellet examination. 

The second procedure included immersing an entire leaf in a 

culture dish half full of water, placing the epidermis wanted on the 

bottom, and scraping away the overlying tissue with repeated strokes 

of a vertically -held sharp curved -edge scalpel until only the epidermis 

wanted remained. This was cut out and processed using care to pre- 

vent rolling. Much practice and experimentation preceded the 

securing of satisfactory results and much variation in resilience of 

tissue and cohesiveness of the desired epidermis was discovered. 

This method of securing epidermis proved superior to the forceps - 

stripping spoken of by Winton and Moeller (376, p. 30) and used by 

Williams (373) who also recommended the scraping method, how- 

ever. Forceps- stripping produced only long narrow strips; the 

scraping method produced large sheets. A series of watch glasses 

with the necessary reagents was established for the complete pro- 

cedure as follows: 

1. Scrape under water. 

Z. Fix, 100 percent ethanol, 10 min. 

3. Return to distilled water via 95, 70, 50, 30, 10 

percent ethanol, 3 min each. 

:. 
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4. Stain, phenolic Bismarck brown Y, 10-20 min. 

5. Rinse, distilled water. 

6. Dehydrate via 10, 30, 50, 70, 95, 100 percent 

ethanol, 3 min each. 

7. Immerse, oil of wintergreen, 10 min. 

8. Cut to desired size (usually 10x10 mm). 

9. Mount in Canada balsam surface up. 

10. Cover. 

Other stains have been recommended for either procedure; 

Johansen (182, p. 104, 78) has proposed safranin for macerated 

material, hematoxylin for macerated material or any other; Williams 

(373) used hematoxylin; Baumgartner and Martin, however, recom- 

mended Bismarck brown Y (27). This staining procedure was found 

to be superior to any other examined since no mordanting or 

counterstaining were necessary, since the dye stained cellulose 

specifically leaving nuclei transparent (providing less objectionable 

coloration and interference where only cell wall configurations were 

wanted), and since overstaining was rarely a problem because 

regression in tap water could remedy this. 

In regard to obtaining leaf epidermis the following principle 

may be stated: in general the smaller the epidermal cells of the 

species, or the more convoluted the surface or the more abundant 

the vesture, the greater the difficulty in securing satisfactory sheets 
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of the material. 

Standard 25x75 mm glass slides with 22x22 mm 1 -gauge thick- 

ness coverslips were used. Finished slides were examined, 

labeled, classified according to relative perfection achieved, and 

assembled into a slide collection according to the taxonomic arrange- 

ment used for the herbarium collection. Tissues processed and the 

respective slide numbers assigned appear in Appendix I. Accepted 

slide production amounted to 175 slides covering 55 species of 

plants. 

The Reference Material Library 

Following the preparation of tissue slides the tissues were 

photographed on 35 mm film using a factory -installed Kodak back 

integrally mounted on the vertical tube of the trinocular AO Micro - 

star microscope used in the counting procedures. Black and white 

prints (Kodak Panatomic X, ASA 40) and color slides (Kodachrome 

II, ASA 25) were processed in two almost duplicate series. The 

correspondence of film speed allowed the same light and time 

settings for both series. The most desirable areas on the epidermal 

slides were photographed at 430X with a rheostat setting of 6, 

exposure time of 1/10 sec. Areas on slides of other tissues were 

photographed at either 100X or 200X with. rheostat setting of 6, 

exposure time of 1 /2 5 sec. The black and white print numbers for 
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each species are shown in Appendix I. A total of 1 54 black and white 

photographs was collected. 

The 7x10 cm black and white prints were then mounted on 

bristol board plates in looseleaf binders, one page per species, 

labeled, and used for immediate reference during the identification 

and counting procedure followed in pellet sample analysis. A total 

of 52 species was so referenced. 

Prints were mounted so that adaxial epidermis, abaxial 

epidermis, and sometimes certain trichome, leaf margin, or other 

epidermal features found to be significant for that species, could 

be seen on the same plate at a glance. Examples of prints for such 

a plate are shown in Appendix II. 

Statistical Project 

Counting Procedures 

The sample may now be defined. Li (211, p. 1) has said, "A 

sample is a collection of observations drawn from the population, " 

as though the definition could be flexible depending on the needs of 

the occasion but restricted eventually to an actual count preferably 

of a predetermined uniform size. Swift and Bishop (339, p. 3) in a 

food habits study application have given this hierarchy of definitions, 

As here used, the expression . . sample signifies 
a 250 ml sample of the contents of the rumen . . . taken as 
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a sample of the rumen contents of a . . population. The 
term subsample signifies that portion of a sample caught in 
a single screen of a set of screens. The term fraction 
refers to one of several constituent categories . . . into 
which the sample and subsamples can be analysed. 

Here "sample" corresponds to a concept possibly antecedent to Li's 

but equivalent and means a representative portion taken randomly 

from a larger homogeneous mass before counting could begin, to be 

completely analyzed later. Because a stomach sample can be 

separated volumetrically into fractions the size has however been 

stated. 

The sample preparation for this study was defined as a collec- 

tion of observations from ten 200X 1.0 mm diameter microscope 

fields all from a single fecal pellet processed in a stated manner 

and representative of the food intake of an entire population of animals 

approximately at the time of pellet formation. This sample defini- 

tion follows the inferred intent of Williams (373) and to some extent 

also of Adams, O'Regan, and Dunaway (5) in their similar work, but 

differs from that of Swift and Bishop stated above in that no size 

limit for counting of observations has been set, at least not yet. 

It would be possible to parallel the beauty of the gross 

volumetric sample of the SCA methods in microscopic FPA work by 

limiting a total count to, say, the first 500 fragments of a certain 

size category counted. Preparations for this were made in the 

feeding experiment pellet analysis counts (Tables XII, XV). This 

. 
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procedure would allow fractioning and addition to unity for uniform 

sample size. But it was dropped as too uncertain of success because 

of the great variation in quantity of material to be examined although 

this eliminated the possibility of using some convenient statistical 

applications. A method3 solving this problem requires mixing a 

uniform -weight pellet collection in a blender after adding wetting 

agent and water to a predetermined volume. This is treated 

fractionally. Some danger (perhaps negligible) of reducing fragment 

size cannot then be avoided, however. 

"What is a sample ?" is a question which has been asked in food 

habits analysis work many times. "How many samples must be 

obtained ?" is a question which some researchers have attempted to 

answer. Hanson and Graybill (1 54) indicate that the number of 

samples should be very large and say (p. 64) , ". . . size of sample 

means number of animal . . . organs of the digestive system . . . 

examined." 

Since a monogastric herbivore stomach sample includes little 

more than a single meal and often a stomach may be found relatively 

empty making a potential sample source unavailable, the number of 

3Used by Dr. William H. Lawrence, Forest Wildlife Biologist, 
Weyerhaeuser Corporation, Centralia, Washington, as indicated in 
a conversation with the author. 
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animals to be collected to secure a large number of satisfactory 

samples could be much larger still. On the other hand a mountain 

beaver pellet represents a mixture of 

5 days of intake (see Table XVII), each day of which 

has included 

6 meals (see Discussion), or a total of 

30 meals. 

Therefore one could conclude that a pellet contains material 

equivalent in kinds of food eaten to 30 stomach samples, or that five 

pellets from different animals were equivalent to 150 stomachs! 

In regard to number of samples, in some studies samples as 

large as 150 stomachs could not possibly be found. Valuable studies 

have been conducted with relatively few stomachs, for example, 43 

for Rangifer (339, p. 1) and only four for Oreamnos (165). 

The number of samples to be examined per pellet collection 

was determined after considering several factors related to the 

counting procedure which will now be discussed. 

A pellet to be analyzed was removed from its 70 percent 

ethanol preservative in the collection bottle, placed on a slide, and 

cut transversely. An inner piece resulting (1/8 pellet) was then 

teased and spread on the slide in a medium of six drops of glycerol 

and six drops of chloral hydrate solution formulated by Dusi (98) 

as a clearing agent. Some workers have stained sample material 
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(e.. , 373) but most have not. A 22x40 mm 0-gauge coverslip was 

added and the material was ready for examination. 

The micrometer stage of the AO Microstar microscope with 

rheostat set at 6 was adjusted so that examination at 200X would 

start in the lower right corner (but optically reversed to the upper 

left) after which the slide was systematically swept from side to 

side five times as shown in Figure 5. 

Figure 5. Sweeping pattern used in slide examination. 

Choosing of ten fields of the strew for fragment counting proceeded 

so that the entire slide would be represented through making 

approximately two stops fall during each sweep. Ten fields were 

decided on because used by Williams (373). Williams skipped blank 

fields in the same way that Hanson and Graybill (154) skipped empty 

stomachs. Adams, O'Regan, and Dunaway (5) assumed that ran- 

domization could be achieved by counting a predetermined number of 

fields. 

A large supply of tally sheets was provided so that each pellet 

examined could be identified by animal number and date and each 
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fragment counted could be recorded for species, kind of tissue, and 

size class. Three size classes were established for fragments, 

over 1/5 field diameter, 

1/5 to 1/10 field diameter, and 

less than 110 field diameter. 

Since field diameter was 1.0 mm the measurements were directly 

metric. 

Indication of total counts to be expected has been given in 

Tables VII -XII. A summary of field area covered by ten fields is 

shown in Table XIX. 

Total representation of a pellet provided by the ten fields is 

given in the following schedule: 

1/8 pellet 

10 200X fields 

Sample 

= 880 mm2 

= 7.85 mm2 = 0.008920 area of slide 

= 0.001115 part of pellet 

Average number of plant fragments in one 0. 5 g pellet: 

2 539 in 10 fields (Column 22) 

= 2,277,130 (2539/0.001115) 

Of this number, 0.065 average 0.1 mm or larger in one 

dimension (Column 26) 

= 148, 013 0.1 mm or larger 

Of this number, 



95 

0.192 are epidermal = 28,418 
0.302 are trichomes = 44, 700 
0.214 are vascular = 31,675 
0.381 are parenchyma = 41, 592 
0.989 146, 385 accounted for 

Table XIX. Summary of AO Microstar Field Measurements as 
Determined for 1/8 Pellet (0.06 g) Spread Under 
22x40 mm Coverslip 

Magnification: 
Description: 100X 200X 430X 

Spreading medium 6 drops glycerol, 
6 drops chloral 
hydrate solution 

Distance, slide to 
coverslip, in mm 0.46 same same 

Field diameter, 
in mm 2.0 1.0 0.465 

Number of refocusing 
movements necessary 
to traverse thickness 4.5 7.0 12.0 

Total area represented 
by 10 fields, in mm2 31.42 7,85 0.180 

Total area represented 
by 10 fields if all levels 
traversed by refocusing 
included separately, 
in mm2 141.39 55.95 2.04 

Total area under slip, 
in mm2 880 same same 

One sample therefore amounted to approximately 0.001 of a pellet. 

A single defecation was noted to produce a maximum of 60 to 70 

pellets, a single day as many as 400. The feeding experiments pro- 

duced pellets presumably with no among -pellet or within - pellet 
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variation. Field pellets on the other hand could be expected to vary 

considerably. , 

Initially it was decided that ten pellets per field collection 

taken at random (ten samples) would be examined and the analysis 

submitted to a statistical test of significance in comparison with 

feeding experiment data. The number was then reduced to five. 

Adams (3) examined only four hare pellets per collection. Each 

sample examination required about one hour. Time spent on the 105 

field samples examined totaled at least that number of hours. Much 

other microscope time was also involved. 

Some generalizations made possible by the feeding experiment 

pellet analyses concerning the nature of plant fragment appearance 

and treatment for counting procedures to apply to field pellet 

analyses were stated as follows: 

1. All individual animals produce fragments of similar 

features by the same kind of chewing movements and 

digestive post -treatment. This eliminates known among - 

animal variation in fragment production due to age -related 

anatomical or physiological differences. 

Z. The shearing action of the molars separates leaf tissue 

into characteristically - shaped fragments, short in the 

direction of least resistance, long in the direction of most 

resistance, wherever possible along natural boundaries 
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meaning that many will belong to definite tissue systems, 

either vascular, or parenchymal, or epidermal. 

3. Foliar tissue separation is angularly and dimensionally 

differential, thin and square for epidermis, thick and 

rectangular for vascular tissue, amorphous and rounded 

for parenchyma. The surfaces of separation are related 

to the directions of plant growth and cell elongation, and 

are altered during passage through the digestive system 

by degradation up to the resistance provided by thick 

primary or secondary walls or cutin and vesture. 

4. Epidermal fragments because thin and square tend for 

most species to flatten and follow the plane of the slide and 

coverslip interfaces. Therefore they can be distinguished 

from others rather easily during sample examination. 

5. Because only epidermal fragments are useful as recogni- 

tion items and because they are easily noticeable other 

fragments can be ignored during counting. However their 

counting may furnish accessory information. 

6. A total epidermal particle count (if it could be secured) 

would have a direct relation to intake if a "digestibility" 

factor (for some species derivable from Table XII, 

Column 22) were known. 

7. By digestibility is meant that a digestible forage plant 

. 
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will produce few large fragments of indigestible material, 

but dependent on a tissue "cohesiveness" factor (for some 

species derivable from Table XII, Column 28) applying to 

all tissue, not epidermis alone. 

8. The quantity of parenchyma found in the feces as indicated 

by its own fraction count would be an indication of 

digestibility. But because the parenchyma cannot be 

identified by species a digestibility factor cannot be used 

on field material. 

9. A sample epidermal fragment count has no direct relation 

to intake (comparison of Columns 21, 33) unless the weight 

of intake is known; therefore a "palatability" factor 

(derivable for some species from Table XII, Column 21) 

cannot be used on field material. 

10. The percentage composition of the diet available from the 

epidermal fragment counts will depend on an epidermal 

fragment species equivalence factor (derivable for some 

species from Column 43). 

11. Total intake of the unconfined wild animal is not directly 

measureable but it can be calculated over a long -term 

period by requirements and the proportions will follow the 

percentage composition as determined above. 
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Tests of Significance 

Hypotheses to be formulated and if possible tested for 

statistical significance concerned problems such as the following: 

1. The number of 1.0 mm diameter 200X fields required to 

determine sample size. 

2. The number of samples required to sample a pellet 

collection. 

3. The reliability of the sampling method used for pellets. 

4. The number of 1 m2 quadrats required to sample vegetation 

yield. 

5. The resemblance of the diet composition sampled to the 

vegetation composition sampled. 

Methods for securing 2 for a stomach. collection (and by 

extension, 1 for others) have been discussed by Hanson and Graybill 

(154, p. 66) who present the formula 

N 
t p 

m + 2 Ntrn(1-p) 

where N = number of samples, 

p = proportion of animals with one given food species, 
2 

m = 4 2 and 
e 

e = "the allowable amount by which the mean volume 

of the one food eaten by sample animals may 

deviate from the mean volume eaten by the whole 

, 

.. 

.. 
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population," usually a small fractional amount. 

Two different applications were envisioned both on the assumption 

that a volumetric value for e could be converted to standard error 

units. In the first case Polystichum, selected as a representative 

food, was found in 11 of 12 adult animal pellet collections spread 

through the year (Table XXVII) for a proportion of 0.91. The mean 

number of epidermal fragments per field for 600 sample fields from 

this series was 1.72 for this species and s2 for a representative 

sample 1.62 (21 February, the only sample for which s2 was 

calculated but used here for I2). The "allowable amount" for e 

in this case to care for the range of mean number of epidermal 

fragments counted per collection for 11 collections, 0.10 to 5. 30, 

needed to be more than 1.27 or at least one standard error. Then 

m = < 4, and Nt = approximately 5 pellet samples (equivalent in 

kinds of material to 150 stomachs) per collection or animal. 

In the second case (because e in the first was made so 

obviously large) a Polystichum epidermal fragment mean was 

estimated from the proportion x :3.22: :1.72 :3. 55 where 3.22 is a 

total (estimated) population mean and 3. 55 a total sample mean; then 

x = 1. 56, e = 0.16, and N = 219 (equivalent in kinds of material to 

6570 stomachs). 

-Because of the impossibility of applying the second (too much 

analysis time and too few pellets) the first case was preferred. 

t 
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According to Hanson and Graybill correct application of the formula 

provides a 95 percent confidence level. 

In an effort to assure accuracy ten samples were selected as 

adequate for each of the first two pellet collections analyzed but a 

reduction in number was then further justified from a "species -area 

curve" application4 (139, p. 151 -155 although Greig -Smith has not 

accepted the idea for vegetation analysis). The two pellet collec- 

tions (21 February 1965, adult male, and 23 May 1964, lactating 

female) showed respectively four and eight species for the first five 

samples almost as adequately as for the first ten, and the number 

of pellets examined was dropped to five for all analyses. 

Reliability has been defined by Li (211, p. 37) as "closeness of 

the sample means to the population mean." An estimate of the popu- 

lation mean to be expected was taken from the feeding experiment 

data (shown in Table XX) and was 3.22; the variance and standard 

error can be ignored because the data were not from a mixed diet. 

The sample mean from the 12 adult animal pellet collections dis- 

tributed through the year spoken of above was 3.55 epidermal frag- 

ments (60 samples, 600 fields, 2131 fragments) per field. 

41. e. the number of epidermal or other tissue fragments 
identified is a function of the slide area examined and remains con- 
stant in proportion to area examined regardless of the quantity of 
intake once a minimum area has been established because random 
distribution can be assured. 
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Table XX. Epidermal Fragment Count for Fragments 0. 1 mm or 
Larger in One Dimension for 10 200X Fields Examined 
for One Pellet for Each 6 -Day Mesophyte Species 
Feeding Experiment Completed 

Species number: 
Field: 5. 6. 7. 8. 9. 10. 11. 12, 13. 17. 

1 3 0 2 1 9 6 6 1 3 2 

2 1 0 1 2 7 4 4 0 5 3 

3 0 2 5 4 8 3 4 1 4 5 

4 2 1 3 2 10 1 6 1 6 3 

5 2 1 3 2 10 4 8 1 6 5 

6 1 0 4 2 8 2 5 1 4 5 

7 1 1 4 0 6 4 4 0 3 4 
8 2 1 3 1 4 1 6 0 5 5 

9 2 1 0 1 8 4 5 0 4 7 

10 2 1 7 2 8 2 8 0 2 1 

16 8 32 17 78 31 53 5 41 40 

µ=3.22 62=6.39 o- = 2.53 

Although the sample size has already been partly justified 

(previous section), an analysis of variance (211, p. 163) was per- 

formed on the first five samples of the 21 February pellet collection 

data mentioned above as shown in Table XXII (from the data of 

Table XXI) to test the hypothesis 

using the formula 

k n 

SS 
t=1 r=1 

=µ5 

2 k -2 k n k 2 

Y 2 - 
G2 

n y2 _ ( y) 2 ET 
kn k n 

t=1 t=1 r=1 

µ1 µ2 = . . . 

.. 

= 

- 
L 
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Table XXI. Epidermal Fragment Count for Fragments 
0. 1 mm or Larger in One Dimension for 
Five Pellets of 21 February 1965 Collection, 
Animal 36 

Pellet: 
Field: 1. 2. 3. 4. 5. 

1 3 4 4 3 3 

2 3 3 5 2 3 

3 3 4 3 2 3 

4 3 4 4 4 2 

5 5 3 3 2 2 

6 3 2 5 4 3 

7 3 4 3 3 4 
8 4 5 2 2 2 

9 4 2 3 4 2 

10 3 5 3 3 5 

34 36 35 29 29 

u = 3.26 62.= 0.87 6 = 0.09 

Table XXII. Analysis of Variance of 21 February 1965 Pellet 
Collection, Five Pellets Treated as Described in 
Section on Counting Procedures 

Preliminary Calculations 

Type of 
total 

Total of 
squares 

Number of 
items 
squared 

Number of 
items per 
squared 

obs ervation 

Total of 
squares per 
observation 

Grand 26,569 1 50 531.38 
Sample 5,359 5 10 535.90 
Observations 575 50 1 575.00 

Analysis of Variance 

Source of 
variation 

Among- s ample 
Within- sample 
Total 

Sum of 
squares Degrees of 

(SS) freedom 
4.52 (k -1) 4 

39.10 (kn -k) 45 
43. 62 

Mean 
square 
(MS) F 
1.13 
0.87 

1.3 
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where n = 10, k = 5; 

to test: find (F)obs, reject if 

(F)obs > Fk -1, k(n -1) 5 %, 

accept otherwise; 

F4,45 (5 %) = 2. 6, ACCEPT. 

The analysis of variance shows that the within- pellet variance 

(less than the among -pellet variation) :among- pellet variance quotient 

is within 95 percent confidence limits and therefore the pellets and 

fields examined may with this confidence be concluded to be from 

the same randomly- distributed population (i.e., result of the test 

was significant). The sample mean of the 21 February pellet col- 

lection, 3.26 for 5 pellets, 3.24 for 10 pellets, is very close to the 

3.22 (estimated) population mean. The FPA sampling method used 

was therefore considered to be reliable as the result of several 

indications and precedents and at least one test of significance. 

Forty 1 m2 quadrats sampled the two hectare area meaning 

that an area 0.002 of the study site was analyzed. The extreme 

weight range (21 -610 g) insured a variance much greater than the 

mean (139, p. 27) and in fact may have measured variation. A 

species -area curve applied to west -side quadrats (A -E) with 38 

species, east -side quadrats (F -J) with 56 species, showed that by 

.. 
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the 20th quadrat on each side new species were being added at a rate 

much less than one per quadrat. The sampling was therefore con- 

sidered adequate. 

Resemblance between animal intake and vegetation yield was 

measured with a multinomial goodness of fit test (211, p. 432) 

following the formula (p. 443), 

2 1 

X r-1 n L 
= 

f2 n2 
( n.)0 1 

Computation is shown in the section on Comparison of Available 

Vegetation and its Place in the Diet. 

Usually the among -pellet variation exceeded the within -pellet 

variation showing that pellet composition changed within a day or 

within a single defecation series. Although the pellets from a single 

defecation were reasonably unitary among -defecation variation was 

not tested because separate defecations as such were not collected. 

Comparison of pellet collections obtained concurrently showed 

no great difference among collections from different animals cap- 

tured at the same location at the same time. Analysis was then 

confined to pellets of one animal per trapping success. 

` 
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RESULTS AND DATA 

Population of the Study Site 

Of the 44 animals used during the course of the study, 32 came 

from the study site or its immediate vicinity. Of this number, three 

(33, 35, and 36) were trapped slightly outside the boundary of the site 

(see Figure 4) leaving 29 animals actually removed from within the 

area limits during approximately two years. The trapping source of 

each animal is shown in Figure 4. Data for each animal are 

presented in Table XXIII. Distribution of trapping effort is shown 

in Figure 6. 

All animals captured appeared healthy but abounded in 

parasites, for the most part fleas (130, p. 33) but occasionally one 

or more ticks. 

After several surveys and inspections of the two -hectare site 

a total of 58 burrow systems had been counted inside it immediately 

prior to 15 September 1965. A burrow system was defined as 

follows: 

a center of activity, apparently dominated by one or few 

animals, with numerous openings and runways or tunnels 

leading inside it to one assumed nest chamber the location 

of which cannot be known exactly from surface features but 

which lies within the radius of greatest activity. 

.. 



Table XXIII. Animal Data for Pacifica Subspecies Animals Taken from the Study Site or Used in Feeding Experiments During Phase I 

Year Month Day 

Acquisition "iòn weight iri g 
Animal Male: Female: 
number Juvenile Yearling Adult 

Measurements in mm 
Total Hind 
length Tail foot 

Days in 
captivity Source 

Lot 
number 

A. From study site or vicinity: 

1966 Jan 15 44 700 49 X Site 37 

1965 Feb 21 36 X 30 26 

1964 Apr 24 7 X 46 M. P. 

1965 37 987 312 20 52 96 _ Site 27 

38 613* 285 12 49 0 34 

39 688 260 13 46 96 29 

1964 May 3 11 X 376 M. P. 

23 12 650 298 16 48 31 Site 7 

13 722* 293 17 41 1 6 

12 14 776 325 19 52 11 8 

15 X 22 

21 16 701 297 22 50 48 

17 597* 283 5 47 0 " 9,31 

t, il 25 18 632 275 14 47 99 10 

1965 It 40 690* 300 15 48 0 35 

it 41 391 251 11 47 2 30 

42 X 33 

43 627 266 17 46 33 

1964 " 28 19 296 203 10 43 0 32 

20 324 230 11 41 0 

Jun 

- 

II 

o 

" " 

" 

" 

" 

" 

" " 

" 

" " 

" " " 

" - 

" 

" 

" " 



Table XXIII. (Continued) 
Acquisition weight in g 

Animal Male: : Female: 
Year Month Day number Juvenile Yearling Adult 

Measurements in mm 
Total Hind 
length Tail foot 

Days in 
captivity Source 

Lot 
number 

1964 Jun 28 21 506* 275 12 45 2 Site 33 

Jul 4 22 624 305 14 47 3 12 

12 24 672 304 12 48 11 14 

25 342 226 10 46 2 15 

21 26 683 277 9 45 3 16 

Aug 3 27 609 273 18 47 73 17 

16 28 530 264 18 46 1 18 

23 29 X 209 19 

30 784 320 17 46 0 20 

29 31 600 297 16 51 77 21 

Sep 6 32 694 275 20 46 2 22 

13 33 519 287 24 49 23 23 

27 34 589 293 17 48 18 24 

Oct 11 35 710 296 17 50 33 25 

1963 Nov 18 6 551. 281 11 48 11 M. P. 

Mean weight, male and female: 753 636 

B. From other sources: 
1963 Jul 1 3 X 1110 Coquille 

1964 it 6 23 475 253 11 49 19 Valsetz 

Mean number of days in captivity, 36 animals: 70 

* Lactating 
X = Unknown 
M. P. = Marys Peak but not study site 

. 

" 

" 

" 

" 

" " 

e 

" 

e " 

" 
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Not all these systems were active at one time; for example, a sum- 

mer migration into the south clearing left adjacent systems rela- 

tively empty, and winter migration out of this clearing left its 

systems empty. A map of a single burrow system (Excavation 1 at 

edge of south clearing) is shown in Figure 20. Structure of a single 

burrow system is described in the Discussion. 

Symbols: 

s trip scheduled but 
cancelled for weather 
or related reason 

a trip aborted because 
of deep snow 

o traps set, no captures 
x animal capture 

x 
X 

X X 

x x, xx x x 
XS x s o s x s . : X o: XXXSr xx xo - xox xx xx X x o s S o- a JF M A M J J A S O N D 

Month 

Figure 6. Distribution of study site and vicinity trapping efforts 
and animal captures through the trapping calendar, for 
32 animals numbered 12 -44 (except for Animal 23, an 
accession from Valsetz). 

ways: 

Total maximum population density was estimated in these two 

1. By attempted complete removal of animals from a known 
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area. Trapping during the spring, summer, and fall of 

1964 removed 21 animals from the site; although population 

pressure from the outside must have replaced some mist =, 

sing animals during this time it was doubtful that immigra- 

tion alone could have been responsible for much share in 

evidence that less than 50 percent reduction in population 

size had taken place; because trapping activity had covered 

only one -half the area, and because numerous animals 

would not enter traps under any circumstances, it was 

estimated that no more than one -half of all animals in the 

trapping areas or one -fourth of all animals of the site had 

been trapped, making a total maximum population of 84 

animals, or. 42 per hectare, or approximately 17 animals 

per acre. 

2. By observed changes in activity in trapped vs. untrapped 

systems. Of the 58 burrow systems counted a maximum 

of some 75 percent could be considered active at any one 

time, for 44 systems. Assuming that each active center 

contained an average of one animal (273) during the breed- 

ing season, and basing increase on a reproductive rate of 

71 percent adult female pregnancies justifiable from the 

capture of seven females during the lactation period of 

which five had been parturient, and assuming an average 
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litter size of 3.5 (see Table XXIV), 

22 males + 22 females + 38 young 

make a total maximum population of 82 animals during the 

year, or 41 per hectare, or approximately 16 animals 

per acre. 

It was also noted that any single active burrow system had 

diameter of about 25 m, making the available space on the two 

hectare site capable of supporting at least 40 systems. 

Table XXIV. Summary of Apparent Sex and Age Classes of Animals Taken from the Study Site 
and Their Relation to a Probable Total Population 

Age juvenile 
in years: 0 

yearling 
1 

adult 
2 4 

Actual captures: male: 6 4 3 0 0 1 

female: 
7 

0 2 3 1 2 0 

Totals: 7 6 6 6 1 2 1 

Total non -juveniles: 22 

To justify 1 :1;sex ratio 
total must be at least: 12 8 6 4 2 

To make total adult popula- 
tion for 2 ha 44 in same pro- 16 12 8 6 

portion, adjusted total must be: 44 

Adjusted number of females: 8 6 4 3 1 

Total reproductive: 

Number of young per female: 

a small making a total of 14 adult females, 
number 71 percent reproductive in any one 

repro- year for a total of 
ductive 

1 10 

3 3.5 

Total young per year: 38 38 

Grand total: 82 

a 

3 5 6 

2_ 
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In either case the density is probably high for mountain beaver 

but the habitat is among the best available. Maximum reported 

densities of two other similarly -sized North American sciuromorphs: 

Cynomys ludovicianus 

maximum size 1362 g maximum number 35 /acre 
(194, p. 111) 

Citellus beecheyi 

maximum size 978 g (213, p. 215) maximum number 
25 /acre (249) 

Sex and age class distinctions have been provided in Table III. 

A 1 :1 adult animal sex ratio was found but the total number of known 

males captured, 14, compares with eight known females. Hubbard 

(172) noted that 75 percent of mountain beaver he captured were 

males; Wynne- Edwards (382, p. 108) has ascribed similar dis- 

proportionate sex ratios often found in small mammal trapping to 

an arrhythmic activity which he calls "trail- making" in which males 

lead which brings them into contact with traps first. Females then 

(perhaps not purposively) signaled with danger do not initiate any 

activity and do not encounter traps. Females caught on the site were 

predominantly lactating and the stress of milk production food needs 

may have changed their usual follower behavior if such exists. 

Minimum density undoubtedly occurs just before whelping time. 

It was inferred from the number of active sites about 15 March 1964 

as 22 per hectare. An inferred annual density fluctuation curve is 



shown in Figure 7. 
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Figure 7. Mountain beaver population density fluctuation curve 
inferred for normal study site conditions, 1964 -1965. 

Natality has been inferred at 86 percent of total population 

(or 19 per hectare per year) and 136 percent of adult population on 

1 March. Mortality (almost entirely from predation) has been 

inferred at about 78 percent of total population (or 17.3 per hectare 

per year) on 1 March. The population on the original forested site 

had a mean of less than one animal per hectare (inferred by com- 

parison with similar sites in uncut condition on Marys Peak) with a 

growth rate providing an increase of 1.7 animals per hectare per 

year since 1948. Pfeiffer (275) has discussed the low biotic poten- 

tial, which would however nearly double the annual population if not 

checked. Therefore population size may vary greatly under different 

prv 

30 

.. 
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conditions and for different years. But no reason has been seen to 

show that the population increase could not continue at this location 

for some time. 

Importance of the foregoing data relates to the annual harvest 

which will be estimated for juveniles, adults in general, and 

lactating females. Information relative to individual animal size is 

shown in Table III and Figure 8. Figure 8 indicates that although 

population density probably fluctuates by a factor of nearly 2, popu- 

lation biomass fluctuates by a factor of less than 0.25. This does 

not agree with conclusions of observers such as Storer, Evans, and 

Palmer (333) who found that the biomass of mixed small rodent 

populations decreased twice as much as the number of animals in 

winter. 

Vegetation of the Study Site 

The study site plant list included 141 vascular species 

(Appendix I). The yield analysis is shown in Table XXVI. Informa- 

tion on aspection and phenology is given in a later section. Domi- 

nants within each layer as determined from the vegetation analyses 

(Tables XXV and XXVI) and monthly site inspection are as follows 

(more important species numbered, and those included in feeding 

experiments starred): (Narrative resumes p. 126) 



Number of animals 
J Y A 

A 

50 

Date 

30 December 

30 March 

30 June 

30 September 

Individual weight 

(mean for male and 
female combination) 

P = pup, 25 g 30 Mar 

J = juvenile, 
325 g 30 Jun 
500 30 Sep 
500 30 Dec 

Y = yearling, 
525 g 30 Mar 
550 30 Jun 
600 30 Sep 
625 30 Dec 

A = adult, 
700 g 

Biomass 

16,325 g 

14, 475 

18,800 

18,500 

11 5 11 

.41 .18 .41 

P Y 

19 8 14 

.46 . 20 .34 

J Y A 

40 

18 7 13 

.47 .18 

J Y A 

.35 

13 6 12 

.42 .19 .39 
. 

0 IO 20 30 
Number of animals 

Figure 8. Proportions of population belonging to different age classes at different 
times, and animal biomass comparisons, for one hectare. 
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Table XXV. Overstory, Tree Understory, and Shrub Layer Vegetation of the Study Site 

100 m2 
quadrat 
letter 

Overstory 
species 

(in order 
of dominance) 

Cover, 
percent 

Height of 
canopy 
in m 

Diameter Tree understory 
breast high of and shrub layer 
largest tree species (in order 

in cm of dominance ) 

Cover, 
percent 

A Alnus oregona 50 12 23 Rubus spectabilis SO 

Acer macrophyllum 10 10 Vaccinium parvifolium S 

Pseudotsuga Menziesii 5 

65 55 

B Abus oregona 94 12 25 Rubus spectabilis 20 

Chamaecyparis Sambucus callicarpa 5 

Lawsoniana* 1 

95 25 

C Abus oregona 95 14 28 Rubus spectabilis 40 

Sambucus glauca 15 

Sambucus callicarpa 15 

95 70 

Abus oregona 95 12 50 Rubus spectabilis 55 

Sambucus callicarpa 15 

Vaccinium parvifolium 5 

95 75 

E Abus oregona 100 18 15 Vaccinium parvifolium 2 

Rubus spectabilis 1 

100 3 

F Abus oregona 100 15 56 V accinium parvifolium 

Pseudotsuga Menziesii 25 8 5 Holodiscus discolor 40 

Vaccinium parvifolium 3 

Rubus spectabilis 1 

25 44 

Alnus oregona 60 20 Vaccinium parvifolium 5 

Pseudotsuga Menziesii 10 Holodiscus discolor 4 

Pinus ponderosa Gaultheria Shallon _ 
70 9 

I Abus oregona 70 12 15 Rubus spectabilis 5 

Pinus ponderosa* Holodiscus discolor 3 

Vaccinium parvifolium 2 

70 10 

J Alnus oregona 100 14 15 Vaccinium parvifolium 3 

Mean cover for trees: Mean cover for shrubs: 

Abus oregona 76 All 24 

Pseudotsuga Menziesii 4 Rubus spectabilis 17 

Mean cover for understory trees: Holodiscus discolor 4.7 

Sambucus callicarpa 3.5 
Vaccinium parvifolium 2.5 

Sambucus glauca 1.5 

* Introduced 

8 

D 

G 

H 8 

- 

-- 
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Table XXVI A. Composite Ground Cover and Low Understory Vegetation of the Study Site: 40 
Clip Quadrats 

Species 

Quadrat: A 

Dry weight per species in g 

B C 

1 2 3 4 1 2 3 4 1 2 3 

Moss 

1. Cvstopteris fraszilis 12 

2. Drvopteris orezana 
3. Polvstichum munitum 12 8 5 405 16 14 

4. Athvrium Filix-femina 12 3 24 
5. Asplenium viride 
6. Struthiopteris Spicant 
7. Pteridium aquilinum, 16 2 5 9 

8. Polypodium vuisrare -- 
9. Equisetum maximum 12 

10. Pseudotsusta Menziesii 
11. promos carinatus 2 5 16 2 

12. Festuca subulata 
13. Glvceria pauciflora 23 3 10 

14. Póa pratensis 2 3 

15. Elvmus glaucus 3 

16. Trisetum cemuum 
17. Aira praecox 
18. Aira carvophvlle a 

19. Holcus lanatus 
20. i-Iierochloe occidentalis 
21. Carex arcta 5 

22. Carex Bolanderi 1 

23. Carex Hendersonii 
24. Lvsichitum americanum 59 

25. Maianthemum bifolium 6 

26. Disporum.Hookeri 
27. Urtica gracilis 23 61 210 47 5 70 169 139 1 

28. Asarum caudatum 
29. Montia sibirica 10 6 5 5 8 28 7 1 

30. Arenaria macrophvlla 1 

31. Stellaria crispa 4 1 3 

32. Ranunculus uncinatus 
33. Thalictrum occidentale 
34. Anemone deltoidea 
35. Berberis nervosa 
36. Vancouveria hexandra 
37. Dicentra formosa 2 13 5 

2 3 4 1 2 3 4 1 2 

1 

2 

1 5 

1 3 
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Table XXVI B. Composite Ground Cover and Low Understory Vegetation of the Study Site: 40 
Clip Quadrats 

Species Dry weight per species in g 

Quadrat: D E F 

4 1 

Moss 

1. Cvstopteris fragilis 
2. Drv^xer, is. ò.. renana 
3. Poiystichum munitum 117 11 141 

4. Athyrium Filix-femina 2 

S. Asplenium viride 
6. Struthiopteris Spicant 37 

7. Pteridium' aquilinum 47 
8. Polvpodium vulQare 1 -- 1 

9. EQUisetum maximum 1 

10. Pseudotsuga Menziesii 3 1 

11. Bromus carinatus S ' 1 60 4 54 68 
12. Festuca subulata 2 

13. Glviceria pauciflora 3 2 3 

14. Poa pratensis 
15. Elvmus glaucus 
16. Trisetum cemuum 
17. Aira praecox 
18. Aira carvophyllea 
19. Holcus lanatus 
20. Hierochloe occidentalis 
21. Carex arcta 
22. Carex Bolanderi 6 

23. Carex Hendersonii 
24. Lvsichitum americanum 1 98 

25. Maianthemum bifolium 3 1 

26. Disporum Hookeri 1 2 

27. Urtica graciais 66 12 5 1 13 40 
28. Asarum caudatum 
29. Montia sibirica 3 23 -- 25 1 13 

30. Arenaria macrophvlla 
31. Stellaria crispa 2 -- 1 1 

32. Ranunculus uncinatus 
33. Thalictrum occidentale 
34. Anemone deltoidea 1 

35. Berberis nervosa 
36. Vancouveria hexandra 
37. Dicentra formosa 9 

4 1 2 3 4 1 2 3 4 1 2 

. 

2 3 4 1 2 3 4 1 2 

1 -- 
-- 

-- 
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Table XXVI C. Composite Ground Cover and Low Understory Vegetation of the Study Site: 
Clip Quadrats 

40 

Species 

Quadrat: 

Dry weight per species in g 

G H 
3 4 2 3 1 

Moss 

1. Cystonteris fragilis 8 
2. Drvopteris oregana 
3. Polystichum munitum 1,37; 24 152 
4. Athyrium Filix-femina 
5. Asplenium viride 
6. Struthiopteria Spicant 
7. Pteridium aquilinum 5 203 42 394 70 -- 
8. Polypodium vulgare 4 
9. Equisetum maximum 

10. Pseudotsuga Menziesii 3 21 
11. Bromus carinatus 49 8 11 15 30 5 4 178 
12. Festuca subulata 
13. Glvceria pa.uciflora 
14. Poa pratensis 15 
15. Elvmus Qlaucus 71 
16. Trisetum cernuum 
17. Aira praecox 
18. Aira carvophvllea 1 

19. Holcus lanatus 71 18 

20. Hierochloe occidentalis 1 

21. Carex arcta 
22. Carex Bolanderi 2 
23. Carex Hendersonii 2 

24. Lvsichitum americanum 
2S. Maianthemum bifolium 
26. Disporum Hookeri 4 
27. Urtica gracilis 2 

28. Asarum caudatum 
29. Montia sibirica 4 13 3 ; 17 5 18 

30. Arenaría macrophvlla 2 
31. Stellaria crispa 2 4 
32. Ranunculus uncinatus 
33. Thalictrum occidentale 4 
34. AI:ofiYoue deltoidea -- 
35. Berberis nervosa 
36. Vancouveria hexandra 4 
37. Dicentra formosa 4 

3 4 1 2 3 4 1 2 3 4 1 

1 4 1 2 3 4 
2 

-- 

-- 
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Table XXVI D. Composite Ground Cover and Low Understory Vegetation of the Study Site: 40 
Clip Quadrats 

Species Dry weight per species in g 
Total weight 

Quadrat: I j per species 
in A 

Percent of total 
per species 2 3 4 1 2 3 4 

Moss 4 23 0.28 

1. Cvstopteìis fraQilis 8 0. 10 

2. Dryopteris oregana 10 10 0. 12 

3. Polystichum munitum 64 87 488 1681 20.68 
4. Athyrium Filix-femina 42 0.52 
5. Asplenium viride -- -- 
6. Struthiopteris Spicant 37 0.46 
7. Pteridium aquilinum 27 64 419 22 1316 16.07 
8. Polypodium vulgare 1 1 8 0. 10 

9. Equisetum maximum 13 0. 16 

10. Pseudotsuga Menziesii 28 0. 34 

11. Bromus carinatus 212 21 26 11 92 5 39 923 11.23 
12. Festuca subulata 2 0.02 
13. Glyceria pauciflora 44 0.54 
14. Poa pratensis -- 20 0.25 
15. Elymus glaucus 74 0.91 
16. Trisetum cernuum 9 9 0. 11 

17. Aira praecox 3 3 0.04 
18. Aira caryophvllea 1 0.01 
19. Holcus lanatus 89 1. 10 

20. Hierochloe occidentalis 1 0.01 
21. Carex arcta 5 0.06 
22. Carex Bolanderi 9 0. 11 

23. Carex Hendersonii 2 0. 02 

24. Lvsichitum americanum 158 1.94 
25. Maianthemum bifolium -- 10 0. 12 

26. Disporum Hookeri 7 0.09 
27. Urtica gracilis 864 10.63 
28. Asarum caudatum -- -- 
29. Montia sibirica 2 5 203 2. 50 

30. Arenaria macrophvlla 5 10 0. 12 

31. Stellaria crispa 2 2 1 29 0.36 
32. Ranunculus uncinatus -- -- 
33. Thalictrum occidentale 4 0.05 
34. Anemone deltoidea 2 -- 3 0.04 
35. Berberis. nervosa 54 54 0.66 
36. Vancouveria hexandra 4 0.05 
37. Dicentra formosa 33 0.41 

2 3 4 1 2 3 4 

. 
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Table XXVI E. Composite Ground Cover and Low Understory Vegetation of the Study Site: 
Clip Quadrats 

40 

Species Dry weight per species in g 

Quadrat: A B C 

1 2 3 4 1 2 3 4 1 2 

38. Tolmiea Menziesii 12 1 20 56 

39 Chrysosplenium 
23 glechomaefolium 

40. Holodiscus discolor 
41. Fragaria bracteata 
42. Rosa gymnocarpa 
43. Rubus spectabilis 1 100 6 70 60 
44. Rubus parviflorus 
45. Rubus vitifolius 2 8 2 

46. Oxalis oregana 23 16 20 12 8 9 24 16 6 12 10 

47. Hypericum perforatum 
48. Viola glabella 12 1 20 6 5 2 5 16 3 5 

49. Osmorhiza chilensis 
50. Oenanthe sarmentosa 12 

51. Gaultheria Shallon 
52. Vaccinium parvifolium 
53. Trientalis latifolia 
54. Nemophila parviflora 
SS. Mentha arvensis 3 10 6 3 19 S 6 

56. Mimulus dentatus 
57. Digitalis purpurea 
58. Synthyris reniformis 
59. Callum triflorum 1 5 

60. Galium Aparine 5 

61. Sambucus callicarpa 1 

62. Campanula Scouleri 
63. Anaphalis margaritacea 
64. Adenocaulon bicolor 1 

65. Senecio sylvaticus 
66. Cirsium vulgare 
67. Hieracium albiflorum 

Dry weight per quadrat in g 234 52 200 121 263 87 476 155 281 232 86 

Plant species per quadrat 12 13 9 9 12 11 12 9 8 5 8 

3 
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Table XXVI F. Composite Ground Cover and Low Understory Vegetation of the Study Site: 
Clip Quadrats 

40 

Species Dry weight per species in g 

Quadrat: D E F 

4 1 2 3 4 1 2 3 4 1 

38. Tolmiea Menziesii 
39. Chryososplenium 21 

glechomaefolium 
40. Holodiscus discolor 
41. Fragaria bracteata 
42. Rosa gymnocarpa 
43. Rubus spectabilis 46 2 46 83 

44. Rubus parviflorus 
45. Rubus vitifolius 2 

46. Oxalis oregana 7 12 5 6 8 42 17 22 47 

47. Hvpericum perforatum 
48. Viola glabella 3 5 9 1 1 1 1 

49. Osmorhiza chilensis 
50. Oenanthe sarmentosa 1 18 

51. Gaultheria Shallon 
52. Vaccinium parvifolium 70 

53. Trientalis latifolia 
54. Nemophila parviflora 
55. Mentha arvensis 12 9 6 

56. Mimulus dentatus 3 

57. Digitalis purpurea 
58. Svnthvris reniformis 
59. Galium triflorum 2 2 1 1 1 

60. Galium Aparine -- 1 1 

61. Sambucus callicarpa -- 3 6 

62. Campanula Scouleri 
63. Anaphalis margaritacea 
64. Adenocaulon bicolor 
65. Senecio sylvaticus 
66. Cirsium vulgare 
67. Hieracium albiflorum 

Dry weight per quadrat in g 132 234 92 119 21 281 86 73 140 134 114 

Plant species per quadrat 10 ' 10 13 15 9 7 9 13 4 6 5 

2 

5 

1 

-- -- 
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Table XXVI G. Composite Ground Cover and Low Understory Vegetation of the Study Site: 40 

Clip Quadrats 

Species Dry weight per species in g 

Quadrat: G H 

3 4 1 2 3 4 1 2 3 4 1 

38. Tolmiea Menziesii 
39. Chrysosplenium 

glechomaefolium 
40. Holodiscus discolor 127 S 

41. Fragaria bracteata 5 

42. Rosa ,QVmnocarpa 5 

43. Rubus spectabilis 4 

44. Rubus parviflorus 2 

45. Rubus vitifolius 32 27 15 15 51 26 34 100 18 

46. Oxalis oreszana 10 12 11 53 9 17 2 36 

47. Hvpericum perforatum 35 

48. Viola glabella 2 2 2 

49. Osmorhiza chilensis 
50. Oenanthe sarmentosa 
51. Gaultheria Shallon 10 

52. Vaccinium parvifolitun 8 91 3 

53. Trientalis latifolia 7 2 

54. Nemophila parviflora 
55. Mentha arvensis 
56. Mimulus dentatus 
57. Digitalis purpure a 8 5 3 7 

58. Svnthvris renformis -- 
59. Galium triflorum 4 2 3 2 5 4 7 

60. Galium Aparine 
61. Sambucus callicarpa 
62. Campanula Scouleri 2 2 5 

63. Anaphalis margaritacea 5 

64. Adenocaulon bicolor 
65. Senecio sylvaticus 9 4 

66. Cirsium vulgare 7 

67. Hieracium albiflorum -- 

Dry weight per quadrat in g 196 81 212 178 304 30 338 105 493 200 356 

Plant species per quadrat 3 10 18 9 13 10 11 12 15 9 11 

i 

-- 

-- 
-- 

-- -- 
-- 
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Table XXVI H. Composite Ground Cover and Low Understory Vegetation of the Study Site: 40 

Clip Quadrats 

Species Dry weight per species in g 

Quadrat: I J 

Total weight 
per species 

in A 

Percent of total 
per species 2 3 4 1 2 3 4 

38. 
39. 

Tolmiea Menziesii 89 

44 

1.10 

0.54 Chrysosplenium 
glechomaefolium 

40. Holodiscus discolor 132 1. 62 

41. Fragaria bracteata 5 0.06 
42. Rosa gymnocarpa 11 16 0. 20 

43. Rubus spectabilis 51 469 5. 77 

44. Rubus parviflorus 2 0.02 

45. Rubus vitifolius 5 32 5 17 9 10 411 5.06 
46. Oxalis oregana 5 11 5 43 12 5 558 6.85 

47. Hypericum perforatum 35 0.43 

48. Viola glabella 5 4 5 12 1 129 1.58 

49. Osmorhiza chilensis -- 
50. Oenanthe sarmentosa 31 0. 38 

51. Gaultheria Shallon 9 19 0.23 
52. Vaccinium parvifolium 172 2. 12 

53. Trientalis latifolia 4 5 18 0.22 

54. Nemophila parviflora -- 
55. Mentha arvensis 79 0.97 
56. Mimulus dentatus 3 O. 04 

57. Digitalis purpurea 29 52 0.64 
58. Svnthyris renformis -- -- 
59. Galium triflorum 5 4 -- 11 6 5 1 70 0. 86 

60. Galium Aparine 3 1 11 0. 13 

61. Sambucus callicarpa 4 1 1 19 0.23 

62. Campanula Scouleri 9 0. 11 

63. Anaphalis margaritacea 5 0. 06 

64. Adenocaulon bicolor 1 0. 01 

65. Senecio svlvaticus 13 0. 16 

66. Cirsium vulgare 7 0. 09 

67. Hieracium albiflorum 

Dry weight per quadrat in g 265 213 512 217 610 90 98 

Plant species per quadrat 9 11 9 13 8 13 13 

40 QUADRAT TOTAL: 8111 99.69 

-- 
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Overstory (in order of cover): Description Palatability rating 
by Dayton et ál.(89) 

1.* Alnus oregona Numerous trees from seedling size 

through all size classes to 0.56 m 
DBH everywhere except for clear- 
ings; most even -age 15 cm DBH 

18 years old to 20 m high. 

2. * Pseudotsuga Menziesii A few scattered over the site, the 
largest anywhere in the area the 
"reference point" tree 2m DBH and 
60 m high to where top broken out; 
smaller trees to 30 cm DBH in 
relict block at south end of site; 
some young trees to 5 cm DBH but 
almost no natural regeneration 
anywhere. 

3. * Tsuga heterophylla 

* Prunus emarginata 

Acer macrophvllum 

Tree understory (in order of cover): 

4. * Sambucus callicarpa 

Scattered young trees in all size 

classes up to 25 cm DBH and 15m 

high. 

A few specimens to 12 m high 
between creek and road. 

A few specimens to 10m high 
along creek. 

Fair to good 

"More palatable 
than. . . expected." 
(B115) 

Numerous trees to 7 m high Not palatable spring, 

scattered; numerous seedlings. rises rapidly fall. 

5. Sambucus glauca Scattered young trees to 5 m high. (Same) 

6. Salix lasiandra Dense along creek in places; to 
9 m high. 

Chamaecyparis 
Lawsoniana 

A few to 5 m high from hand - 
planted seedlings. 

Pinos ponderosa A few to 4 m high from hand - 
planted seedlings. 

Shrub layer (in order of annual production): 

7. * Rubus spectabilis Extremely dense in areas near 
creek, to 3 m high. Fair to good 

Good 



8. Rubus vitifolius Almost everywhere on ground 

trailing up into floor cover, 
herbs, shrubs. 

9. * Vaccinium parvifolium Scattered; to 3 m high. 

* Holodiscus discolor Scattered; to 3 m high. 

Herb layer (in order of annual production): 

10.* Polystichum munitum Closely scattered clumps almost 
everywhere; to 1.8 m high. 

11. * Pteridium aouilinum Heavy growth in some areas; 
dominant in summer in south 
clearing; to 2.2 m high. 

12. Urtica ,gracilis Heavy, growth on west side of 

creek, often dominant herb in 

summer; to 2.2 m high. 

13. Bromus carinatus Heavy growth in clearings in 

summer; to 1.8 m high. 

14. * Lysichitum americanum Creek dominant; to i m. 

Forest floor cover (in order of annual production): 

15.* Oxalis oregana To 100 percent ground cover. 

16. * Montia sibirica Closely- scattered rosettes; to 
30 percent ground cover. 

Viola glabella Found almost anywhere. 

Mentha arvensis Found almost anywhere. 

Galium triflorum Found almost anywhere. 
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Fair to good 

Good 

Zero to good 

Zero to poor 

"Among the best 
forage. . . ." 
(G33) 

Sixty -seven or less than one -half the site species were found 

on the 1 m2 yield quadrats and five others in the 100 m2 cover 

quadrats indicating that nearly half the species contributed little to 

the vegetation biomass. 

Annual forage production based on the quadrat yields was 
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8111 g x 250 = 2,027,750 g /ha dry weight 

= 2,028 kg /ha 

= 11,043 lb /acre approximate low- growing 

forage annual production, any year. 

Crouch (81, p. 43) has given a value of 9,500 ± 1,710 lb /acre for 

similar Oregon Coast Range conditions described as highly productive. 

Analysis of Diet Composition by FPA Epidermal Fragment Count 

Each lot of pellets recovered from a freshly - captured animal 

was given an initial microscopic inspection and classified according 

to calendar time and location of animal capture. Suitable lots were 

then distributed into three series, as follows: 

Adult and yearling series 

Pellet 
Animal lot 
number Date number 

Lactating female series 

Pellet 
Animal lot 
number Date number 

Juvenile series 

Animal 
number Date 

Pellet 
lot 

number 

1. 44 15 Jan 37 1. 38 24 Apr 34 1. 41 26 Jun 30 
2. 36 21 Feb 26 2. 13 23 May 6 2. 25 13 Jul 15 

3. 37 24 Apr 27 3. 40 25 Jun 35 3. 29 23 Aug 19 

4. 12 25 May 7 4. 33 13 Sep 23 

5. 14 14 Jun 8 

6. 22 6 Jul 12 

7. 26 21 Jul 16 

8. 28 16 Aug 18 

9. 31 29 Aug 21 
10. 32 6 Sep 22 
11. 34 27 Sep 24 
12. 35 11 Oct 25 
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The adult and yearling series included collections from six adult 

males, four yearling males, one adult female not lactating nor 

recently pregnant, and one large juvenile. This series represented 

the material for the principal objective of the study. 

The trapping program had originally been projected to provide 

an animal every two weeks; the achieved captures from 26 completed 

trapping trips included suitable material for adult or yearling non - 

breeding animal analysis on an average of only once a month, and 

even then the months March, November, and December had not been 

sampled. Failure to secure the planned biweekly distribution resulted 

from rainy season (October- March) wash -outs partly indicated in 

Figure 6 as well as trapping blanks at critical times. Heavy rain 

made trapping impossible as demonstrated well enough by even one 

inundated night. Because trips: to the site area could be scheduled 

only on weekends the second year adjustment to fill gaps often fared 

no better than the first year attempt. 

Counts for the three series have been tabulated in Tables 

XXVII, XXVIII, and XXIX respectively. Diet composition indicated 

by the counts has been shown graphically in Figures 9, 10, and 11 

respectively. No attempt was made in these presentations to apply 

the species equivalence indices derived in Table XII, Column 43; this 

has been done for species with factors available in the following 

section. 
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Table XXVII. Composite Epidermal Fragment Count from Fecal Pellets of 11 Males and 1 Non - 
Parturient Female Distributed Through the Year 

Jan Feb Apr May Jun Jul Jul Aug Aug Sep Sep Oct Species % of 
Species: 15 21 24 25 14 6 21 16 29 6 27 11 total total 

1. (Moss) 2 1 1 1 3 3 6 5 22 1 

2. Dryopteris o. 10 3 11 24 1 

3. Polystichum m. 93 162 265 109 136 33 58 52 55 29 5 36 1033 48.4 
4. Athyrium F. 3 12 1 16 .7 
5. Struthiopteris S. 2 2 .1 
6. Pteridium a. 13 90 3 198 117 131 4 166 722 33.8 
7. Equisetum m. 1 1 

8. Tsusa h. 1 2 12 15 .7 
9. Pseudotsusta M. 2 10 10 32 1 2 57 2.7 

10. Bromus c. 2 2 .1 
11. Dac lis g 2 2 2 6 .3 
12. Elvmus g. 1 16 10 2 1 5 1 36 1. 7 

13. Holcus 1. 1 8 9 .4 
14. Lysichitum a. 1 3 4 .2 
15. Alnus o. 11 1 1 1 9 8 77 1 109 5.1 
16. Urtica g. 1 1 2 .1 
17. Asarum c. 2 1 1 4 .2 
18. Montia s. 3 1 1 5 .2 
19. Berberis n. 1 1 

20. Vancouveria h. 1 1 

21. Dentaria t 1 1 

22. Chrvsosplenium g. 1 1 

23. Rubus s. 1 1 2 .1 
24. Rubus p. 1 1 

25. Prunus e. 2 2 .1 
26. Oxalis o. 1 1 

27. Viola g. 1 2 5 8 .4 
28. Vacciniums. 3 5 9 4 1 22 1.0 
29. Nemophila L. 1 2 3 1 7 .3 
30. Digitalis L. 1 1 1 1 4 .2 
31. Galium t. 1 1 

32. Sambucus c. 4 4 .2 
33. Linnaea b. 1 5 6 .3 

Totals: 122 166 280 151 193 136 90 257 197 200 110 229 2131 99.3 

Mosses: 1.0 
Pteridophytes: 84.0 
Conifers: 3.4 
Grasses: 2.5 
Hardwood trees: 5.4 
Shrubs: 1.1 
Forbs: 1.9 

' 
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Table XXVIII. Composite Epidermal Fragment Count From Fecal Pellets of Three Lactating 
Females Captured During the Two or Three Months of Milk Production 

Apr May Jun Species Percent 
Species: 24 23 25 total of total 

1. (Moss) 5 10 1 16 3.5 

2. Dryopteris o. 2 2 0.4 

3. Polystichum m. 64 95 10 169 36.7 

4. Struthiopteris S. 1 1 0.2 

- 5. Pteridium a. 2 2 0.4 

6. Tsuga h. 11 12 1 24 5. 3 

7. Pseudotsuga M. 93 37 1 131 28.6 

8. Dac lis g. 4 10 5 19 4.2 

9. Hymns g. 7 9 21 37 8.1 

10. Holcus 1. 7 16 5 28 6. 1 

11. Alnus o. 1 1 1 3 0. 7 

12. Montia s. 8 8 1. 8 

13. Prunus e. 2 2 0.4 

14. Viola g. 13 13 2. 8 

15. Sambucus g 1 1 0.2 

16. Linnaea b. 1 1 0.2 

Totals: 192 191 74 457 99.6 

Mosses: 3.5 

Pteridophytes: 37.7 

Conifers: 33.9 

Grasses: 18.4 

Hardwood trees: 1.3 

Shrubs: 0 

Forbs: 4.8 
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Table XXIX. Composite Epidermal Fragment Count From Fecal Pellets of Four Juveniles Captured 
During the First Four Months After Leaving a Milk Diet 

Species: 
Jun 
26 

Jul 
13 

Aug 
23 

Sep Species 
13 total 

Percent 
of total 

1. (Moss) 1 5 6 0.9 

2. Dryopteris o. 5 5 0. 8 

3. Polystichum m. 88 52 80 35 255 40.5 

4. Athvrium F. 3 3 0. 5 

5. Pteridium a. 2 3 112 190 307 48.7 

6. Polypodium v. 1 1 0. 2 

7. Dactvlis g 4 8 12 1.9 

8. Elymus g. 4 5 2 11 1. 7 

9. Holcus 1. 3 3 6 0.9 

10. Alnus ó. 2 3 2 7 1.1 

11. M ntia s. 2 1 3 0.5 

12. Prunus e. 1 1 0.2 

13. Viola g. 7 7 1.1 

14. Nemophila l'ár, 1 1 0.2 

15. Mentha a. 1 2 3 0.5 

16. Linnaea b. 2 2 0.3 

Totals: 104 79 212 235 630. 100.1 

Mosses: 0.9 

Pteridophytes: 90.7 

Conifers: 0 

Grasses: 4.6 

Hardwood trees: 1.3 

Shrubs: 0 

Forbs: 2.6 
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Figure 9. Percentage composition of diet, males, based on 
number of epidermal fragments appearing in fecal 
pellets in 50 microscope fields per pellet collection 
per individual. 
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Figure 10. Percentage composition of diet, lactating females, 
based on number of epidermal fragments appearing 
in fecal pellets in 50 microscope fields per pellet 
collection per individual. 
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Figure 11. Percentage composition of diet, juveniles, based 
on number of epidermal fragments appearing in 
fecal pellets in 50 microscope fields per pellet 
collection per individual. 
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Figure 12. Number of plant species in diet, captured males, 
based on identification of epidermal fragments 
appearing in fecal pellets in 50 microscope fields 
per pellet collection per individual. 

Figure 12 shows the number of plant species in the diet for 

each collection of the first series. 

Adults (Predominantly Males) 

The adult male diet appeared to be composed principally of 

ferns (no other pteridophytes significant) except during a short 

period early in the fall when it changed to alder at a time when the 

alder leaves have massed the greatest protein content of the year. 

Availability of alder at this time may depend largely on early leaf 

20 

18 

16- 

14 

12 

10 

8 

6 

4 

2 

0 

¢ 
v oo 

w 
v 

á 

z dip 

.. 



136 

drop although alder retains most of its leaves longer than other hard- 

wood species. 

Lactating Females 

Milk production in mammals depends on a high protein diet. 

The lactating female diet differs from the adult male diet in its 

dependence on conifers when spring conifer growth is high in pro- 

tein (Table XXXX), and then switches to a largely grass and forb 

diet when the fresh growth of these groups sees their protein content 

at its height. The lactating female apparently takes in a diet with a 

moisture content higher than that of the male. 

Juveniles 

The juvenile just leaving a milk diet has intake closely resem- 

bling that of males but with more young grasses for additional protein. 

Comparison of Available Vegetation and its Place in the Diet 

Vegetation produced on the study site has been described in 

terms of species list, tree cover, and forage yield. These will now 

be compared with the harvest. 

Annual Production, Phenology, and Aspection 

Total annual forage production figures have been given in the 

preceding section. The 25 most productive species have been com- 

pared in relation to several measurements including productivity 

rank in Table XXX. 



Table XXX. Composite Forest Floor Cover, Herb Layer and Shrub Layer of the Study Site: Annual Forage Production per Species, 2S Most Productive 

Species, in order 
of weight 

Total dry weight, 
40 1 m2 quadrats, 

in g 
Number of quadrats 

in which found 

Frequency 
(percent of quadrats 
in which found) 

Dry weight per hectare in 
kg = annual production 

1. Polystichum munitum 1681 15 37.5 420. 25 
2. Pteridium aquilinum 1316 15 37.5 329.00 
3. Bromus carinatus 923 25 62.5 230. 75 

4. Urtica gracilis 864 16 40.0 216. 00 

5. Oxalis oregana 558 35 87.5 139. 50 
6. Rubus spectabilis 469 11 27.5 117.25 
7. Rubus vitifolius 411 19 47.5 102. 7S 

8. Montia sibirica 203 27 67. 5 50. 75 

9. Vaccinium parvifolium 172 4 10.0 43. 00 
10. Lysichitum americanum 158 3 7.5 39.50 
11. Holodiscus discolor 132 2 5.0 33.00 
12. Viola glabella 129 28 70.0 32.25 
13. Holcus lanatus 89 4 10.0 22. 25 
14. Tolmiea Menziesii 89 4 10. 0 22. 25 
15. Mentha arvensis 79 10 25.0 19.75 
16. Elym,as glaucus 74 2 5. 0 18. 50 
17. Galium triflorum 70 23 57. 5 17. 50 
18. Berberis nervosa 54 1 2.5 13. 50 
19. Digitalis purpurea 52 5 12.5 13.00 
20. Glyiceria pauciflora 44 6 15.0 11.00 
21. Chrysosplenium Rlechomaefolium 44 2 5.0 11.00 
22. Athyrium Filix-femina 42 6 15. 0 10. 50 

23. Struthiopteris Spic ant 37 1 2.5 9. 25 

24. Hvpericum perforatum 35 1 2.5 8. 75 

25. Dicentra formosa 33 5 12.5 8. 25 

Total: 7758 1939. 50 
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The biological year in the Oregon Coast Range forest has been 

described by Macnab (221) who has assigned sector designations to the 

parts of the annual aspection cycle. Observations on the site followed 

the sequence as follows: 
Aspect: Site observation: 

Hiemal hiemine 30 Oct -20 Dec Rains become heavy; frosts begin; wetting of the declin- 
ing vegetation continues prostration; defoliation con- 
tinues. 

Vernal 

hibernine 20 Dec -25 Feb Heavy rains continue; snow to 0.6 m completes prostra- 

tion of annuals and low growth; defoliation by abscission 

completed. Alnus leaves, some still green, blanket 
soil surface to 5 cm thick. Pteridium, now brown and 

dry, massed to layer 0. 1 -0.3 m thick. Stream beds 

brown with little obstruction to flow. Hardwood tree 

branches bare, shade nonexistent on ground except for 

evergreens; clumps of green Polystichum stand out 

everywhere, and conifers (tree), Berberis (shrub), 

Digitalis (rosetting herb), and Asarum (recumbent herb) 

green. 

emerginine 25 Feb- i Apr Heavy rains continue, soil surface often bare, brown, 

washed clean; Dentaria shoots appear by 25 Feb or 

earlier, by 25 Mar ground covered with 1000 shoots /m 
and almost this many blossoms. Matting of litter on 

soil surface continues, this brown and periodically 
dehydrated by freezing and sublimation. Deciduous 

trees and shrubs begin bud enlargement; Alnus the first 

hardwood in catkins, in February, Salix soon follows. 

Fresh conifer growth begins. Lysichitum blooming in 

creek. Grasses leafing. Urtica sprouts appear at soil 

surface. Trillium, Maianthemum, Disporum, and Iris 

blooming. 

prevernine 1 Apr -30 May Rains continue, frosts decline and usually end. Fresh 

conifer growth continues. Grasses dominant ground 

cover, all Dentaria gone. By 15 May the forest comes 

to life with opening buds and by 30 May most leaves are 

out; vernation of Pteridium in turkey claw stage to 0.3 m 

tall; Urtica to 0.8 m tall; Polystichum growth of pre- 

vious year has stopped, old fronds are beginning to die, 

and new fronds in vernation to 0.3 m tall. 

vernine 30 May -12 Jun Rains uncommon. Forest reaches full verdure and 80 

percent shade resumes; Digitalis begins blooming; 

grasses like Holcus heading, blooming; ground cover to 

75 percent maximum. 

Aestival cisaestine 12 Jun -15 Jul Drying period begins, rains rare. Flowering plants like 

Montia which shows 1000 blossoms /m2 in bloom every- 
where; clumps of Polystichum engulfed in general vegeta- 

tion growth. Creek dominants like Lysichitum, Glycerin, 
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Chrysosplenium, Struthiopteris, choke stream flow. Many 
grasses in anthesis and some maturing. 

15 Jul -13 Aug Dry period, no rain. Pteridium growth in open becomes 
massive, to 2.2 m tall; Urtica in shade reaches 2.2 m 

with 100 plants m2. Recumbent plant growth turns ground 

cover and shrub layers into tangle. Senecio bloom maxi- 
mum, previous year Polystichum brown, dry, fresh sori at 
prime. 

13 Aug -15 Sep Dry period, little rain. Vegetation reaches maximum. 
Senecio bloom declining. Most plants in heavy fruit. 
Pteridium in clearings impenetrable, sori at prime. 

15 Sep -30 Oct Rains begin. Abscission of deciduous leaves begins, hard- 
wood forest turns yellow, brown; Alnus leaves begin to fall, 
often still green, but leaf drop slow. Prostration of dying 
plants by rain begins. Polystichum and conifer growth 

continues. Some composites flowering. 

Relative time of growth and height are shown for various groups 

of plants in Figures 13 -18. 

Annual Harvest 

Comparison of vegetation production and percent of each species 

represented in the animal diet for the first pellet series (Table XXVII) 

is made in Table XXXI. The harvest cut by the animal will be some- 

what higher than that measured by actual intake, however, since 

foraging wastes consisting of uneaten stems or stipes and uneaten 

decayed food should also be considered. The total harvest must 

include the daily intake and the material gathered incidentally to 

obtain it. Proportions for these will now be determined. 

Daily Intake 

The daily intake of an animal of each size class given in Figure 

8 has been calculated from the formula 

Q = 70.5 M0.734 (29, p. 176) . 
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Figure 13. Aspection of layer dominants and other plants 
of the study site. Ferns. 
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Figure 14. Aspection of layer dominants and other plants 

of the study site. Grasses. 
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Figure 15. Aspection of layer dominants and other plants 
of the study site. Trees and low perennial dicot 
ground cover. 
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Figure 16. Aspection of layer dominants and other plants of the 
study site. Monocots other than grasses, and annuals. 

Figure 17. Aspection of layer dominants and other plants of the 
study site. Perennial herbs. 
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Figure 18. Aspection of layer dominants, and other plants of the 
study site. Rosetting evergreen herbs. 
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Table XXXI. Comparison of Vegetation Produced and Vegetation Eaten Per Hectare Per Year, Male Diet (and Others) 

Species Dry weight 
by rank in per ha in Diet, * percent Epidermal Correction factor, Corrected 

productivity kg = annual by epidermal fragment Table XII, fragment 

or cover production Percent fragments count Column 43 count percent 

1. Polvstichum m. 420.25 20.7 48.4 1033 1. 0 1033 28. 8 

2. Pteridium a. 329.00 16.0 33. 8 722 2.9 2094 58.3 

3. Bromus ç. 230.75 11.2 . 1 2 (none) -- 
4. Urtica g. 216. 00 10.6 . 1 2 (none) 

5. Oxalis o. 139.50 6.9 -- 1 (none) 

6. Rubus s. 117.25 5.8 . 1 2 (none) 

7. Rubus v. 102. 75 5. 1 -- 0 -- 
8. Montia s. 50.75 2. 5 .2 5 2. 0 10 . 3 

9. Vaccinium p. 43. 00 2. 1 1. 0 22 2. 3 51 1. 4 

10. Lysichitum a. 39.50 1.9 .2 4 (none) 4 . 1 

11. Holodiscus d. 33.00 1.6 -- 0 -- 
12. Viola g. 32.25 1.6 .4 8 (none) 8 . 2 

13. Holcus 1. 22.25 1. 1 .4 9 (none) 9 .2 
14. Tolmiea M. 22.25 1. 1 -- 0 -- 
15. Mentha a. 19.75 1. 0 -- 0 -- 
16. Elvmus g. 18. 50 0.9 1. 7 36 (none) 36 1. 0 

Totals: 1836.75 90.1 86.4 

1. Alnus o. 5. 1 109 (none) 109 3. 0 

2. Pseudotsuga M. 2. 7 57 1.9 108 3. 0 

3. Tsuga h. . 7 15 ( none ) 15 0. 4 

94.9 2027 3488 

Not represented at left: 104 

3588 96.7 

*From T able XXVII. 

_ 

- -- 
-- 

' 

- 

N 
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and a 100 percent addition to care for normal feeding, foraging, 

burrowing, and other activity needs as based on data in Table XIII, 

Columns 57 and 58, and certain information presented in the Dis- 

cussion. Note should be taken of the wide disparity among apparent 

daily intake values of Table XIV, where the calories needed per day 

(Column 61) may be only 1/13 of the calories calculated as ingested 

from fecal production figures (feeding experiment with Prunus 

emarginata). The probable cause of this difference may be attributed 

to caecal turnover in excess of intake, as already intimated, and 

possibly also to low digestibility which would tend to increase fecal 

output markedly without providing the caloric intake shown in Column 

60. A low digestibility rating has been indicated by a high fecal frag- 

ment count in several other instances of high fecal output, as shown 

in Table XII, Column 22. 

Columns 57 and 58 of Table XIII may measure the difference 

between basal needs and energy expended on feeding since Animal 3 

with which the Polystichum ration experiment was performed had 

become a model laboratory subject, not pacing back and forth like a 

caged carnivore nor gnawing the bars like a newly- captured mountain 

beaver, but spending much time in sleeping, grooming, and horseplay 

in calm adjustment to captivity. Since it did not forage nor burrow 

during the experiment the increase in intake over the basal require- 

ment should represent the feeding increment (food handling and 
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chewing and digestion) only. An addition of a similar amount for 

foraging (40.7 - 31.6 = 9.1 kcal) and a nearly similar amount for 

burrowing needs would double the basal caloric requirement. The 

Animal 3 figure of 75.6 kcal /day in Table XIV, Column 60, for a 

different experiment indicates only 18 percent more than doubling at 

a time (earlier) when it was not as well adjusted to experimentation. 

The daily intake on this basis has been shown in Table XXXII. 

Outside Food Caches 

Previous knowledge of mountain beaver food habits has con- 

sisted of lists of plant species found in outside caches. Most of these 

lists disclose no estimate of relative quantities. They do reflect 

some possible selection among and palatability of the plants growing 

in the respective areas. Godin (130, p. 32) has published a com- 

posite list of 32 kinds found as cache items in various publications, 

although he has not provided references. Numerous observers (142, 

164, 171, 172, 217, 219, 229, 238, 240, 302, 346) have assembled 

local lists for scattered places within the mountain beaver range. 

Table XXXIII presents a list of relative numbers of plants found 

in one study site outside cache. Table XXXIV presents an analysis of 

the species found in caches at different times of the year. The 

important consideration at present is that all items had been harvested 

as large pieces of the plant -- entire branches or fronds or even whole 

.. 



Table XXXII. Daily, Quarterly, and Yearly Caloric, Vegetation Dry Weight, and Vegetation Wet Weight Intake Per Hectare Based on Population 
Distribution of Figure 8 

Basal 30 Dec daily 30 Mar daily 30 Jun daily 30 Sep daily 
Animal weight kcal /day/ 2X Dry* weight Wet** weight demands, demands, demands, demands, 

category animal basal intake in g intake in g kcal kcal kcal kcal 

325 16.7 33.4 10.7 42.8 18 60,1.2 

500 23.0 46.0 14.7 58.8 11 506.0 13 598.0 

525 23.8 47.6 15.1 60.4 8 380.8 

550 24.7 49.4 15.7 62.8 7 345.8 

600 26.3 52.6 16.7 66.8 6 315.6 

625 27.1 54.2 17.2 68.8 5 271.0 

700 29.4 58.8 18.7 74.8 11 646.8 14 823.2 13 764.4 12 705.6 

Daily kcal intake /ha 1423.8 1204.0 1711.4 4 1619.2 

Daily dry weight intake /ha in g 453.4 382.6 545.6 6 505. 5 

Daily wet weight intake /ha in g 1813.6 1530.4 2182.4 4 2061.8 

91 1/4 -day dry weight intake /ha in kg 41.4 34.9 49.8 46. 1 

365 -day dry weight intake /ha in kg 172.2 

*At 4.2 kcal /g dry weight (133, p. 582) and 75 percent digestive efficiency ( close to value in Table XIII). 

* 2 percent moisture determined from 40 1 m2 clip quadrats rounded to 25. 
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plants. This table indicates the dependence on Polystichum through- 

out the year but especially in winter. 

Table XXXIII. List of Plant Species Found in an Outside Cache on the Study Site 3 July 

Species 
Number of 

separate pieces Species 
Number of 

separate pieces 

1. (Moss) 2 8. Urtica lrracilis 3 

2. Drvopteris ore¢ana 1 9. Montia sibirica 27 

3. Athvrium Filix-femina 5 10. Arenaria macrophylla 1 

4. Trisetum cernuum 1 11. Rubus spectabilis 2 

5. Agrostis diegoensis 1 12. Nemophila parviflora 22 

6. Agrostis exarata 3 13. Callum triflorum 4 

7. Carex Bolanderi i 14. Unidentified 15 

88 

Feeding Chamber Caches 

The feeding chambers examined (four) contained approximately 

the same materials found in outside caches--i.e., entire plants or 

plant parts -- including some fresh material but predominantly large 

quantities of long - stored partly -eaten pieces, many decaying, mixed 

on the floor with wet soil. 

Refuse Chambers 

All refuse chambers examined (about 12) contained compacted 

decaying wet stipes, rachises, stems, some roots, and some 

rhizomes, some parts with leaves, but often straw or light material 

in small pieces not similar to refuse thrown out of burrow openings, 

as though some wastes were more easily closeted inside than pushed 
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Table XXXIV. Plant Species Found in 16 Outside Caches Located on the Study Site at Various 

Times During the Year, Each Analyzed Once 

Species T F M A M 

Month 
I T AS O N D 

Pteridophytes: 
1. Dryopteris Linnaeana 

i i 

Number of caches in which found 

1 

1 

1 1 2 1 2 

1 2 

1 

1 

3 3 2 

3 

1 

1 

1 

1 

1 1 1 

1 

1 

2 1 

1 

2 

1 3 

2 

1 1 1 

2 1 

2 3 

1 

1 

1 

1 

3 

2 

3 

1 2 

4 1 

1 

1 

4 
3 2 1 

1 

3 1 

3 
1 

1 3 3 

1 

1 1 

1 1 

2. Dryopteris oregana 
3. Polystichum munitum 
4. Athyrium Filix- femina 
5. Asplenium viride 
6. Struthiopteris Spicant 
7. Pteridium aquilinum 
8. Equisetum maximum 

Spermatophytes: Gymnosperms: 
9. Tsuga heterophylla 

Angiosperms: 
Monocotyledons: Grasses: 

10. Festuca subulata 
11. Glycerin pauciflora 
12. Trisetum cernuum 
13. Holcus lanatus 
14. Agrostis diegoensis 
15. Agrostis exarata 
16. Hierochloe occidentalis 

Sedges: 
17. Carex Bolanderi 

Others: 
18. Lysichitum americanum 
19. Maianthemum bifolium 
20. Disporum Hooked 
Dicotyledons: 

21. Alnus oregona 
22. Urtica gracilis 
23. Montia sibirica 
24. Arenaria macrophylla 
25. Actaea arguta 
26. Dicentra formosa 
27. Tiarella trifoliata 
28. Tolmiea Menziesii 
29. Chrysosplenium glechomaefolium 
30. Ribes bracteosum 
31. Rubus spectabilis 
32. Oxalis oregana 
33. Viola glabella 
34. Osmorhiza chilensis 
35. Oenanthe sarmentosa 
36. Vaccinium parvifolium 
37. Nemophila parviflora 
38. Mentha arvensis 
39. Galium triflorum 
40. Galium Aparine 
41. Sambucus callicarpa 
42. Senecio sylvaticus 
43. Unidentified 
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outside. Large quantities are indicated in Table XXXVI. 

Outside Refuse Heaps 

Occasionally a horizontal burrow opening will be littered with 

a massive mound of plant and other debris obviously brought up from 

the chamber complex. One such pile has been analyzed in Table 

XXXVII. 

Summary of Annual Harvest 

The outside caches show that entire plants or large parts are 

collected during foraging. The feeding chamber contents show that 

these parts are brought in entire or also in large pieces. The refuse 

chambers and outside refuse heaps show that stems, stipes, and 

rachises, all parts holding leaves or pinnae in easily -carried groups, 

are later discarded uneaten as also demonstrated by the feeding 

experiments. Likewise, much food brought into the feeding chamber 

decays before it is needed. Therefore the animal harvests at least 

moderately more than it can eat. Stems and stipes or rachises weigh 

about two times more than the laminar material they support 

(Table XXXXI). The quantity harvested beyond that ingested must be 

indicated by a factor of at least 2.5. Assuming this somewhat 

correct, Table XXXVIII compares vegetation production and the 

harvest for a few species. The uncorrected percent of diet value has 

.. 
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Table XXXV. List of Plant Species Found in Feeding Chamber, Excavation 4, Collected 25 July 

Species 
Root or 
rhizome 

Number of pieces of each 
Fruit, Stipe, Petiole 
cone, culm, or or 
head stem rachis 

Piece 
with leaves 
or pinnae 

1. (Moss) 40 

2. Polystichum munitum 12 10 

3. Pteridium aquilinum 10 15 19 

4. Tsuga heterophylla 1 

5. Pseudotsuga Menziesii 2 2 

6. Bromus carinatus 1 

7. Festuca subulata 7 

8. Poa pratensis 2 

9. I-Iolcus lanatus 1 

10. Calamagrostis canadensis 1 

11. Alnus oregona 1 3 3 

12. Urtica gracilis 3 10 

13. Arenada macrophylla 2 

14. Stellaria crispa 2 

15. Rubus spectabilis 4 

16. Rubus vitifolius 1 

17. Oxalis oregana 100 

18. Vaccinium parvifolium 3 

19. Digitalis purpure a 1 

20. Senecio sylvaticus 2 

21. Cirsium vulgare 1 

Table XXXVI. Weight of Material Collected From 2 Closed Refuse Chambers, 

Excavation 1, 16 June 

Number Weight 

1 354g 

2 215 



Table XXXVII. Weight of Refuse Thrown Out of One Burrow, Collected on Study Site 

Species or description Weight Species or description Weight 

1. (Moss) 

2. Polystichum munitum 

stipes and rachises from 
2 to 12 mm diameter, 
in pieces 10 to 15 cm 

long 

3. Pteridium aquilinum 
rhizome 
stipes and rachises 
as above 

4. Tsuga heterophylla 
needles 

S. Pseudotsuga Menziesii 
ne edles 

6. Unidentified grasses 
roots, culms, leaves, 
heads 

0. 1 g 7. Alnus oregona 
stems 

aments, staminate 
and pistillate 
midveins of leaves 

1. 3 8. Castanopsis chrysophylla nut 

9. Rubus spectabilis 
3. 0 stems, to 8 cm long 

2. 1 g 

0. 1 

1.0 

1.0 

0.1 

60. 0 10. Dead arthropods or parts 
5 isopods 
1 earwig 

0. 1 1 termite wing 
3 beetles total 0.3 3 

11. Miscellaneous 
wood chips, charcoal 
pebbles 
8d nail, rusted 

3.0 0 fine plant debris 

6.2 
14.5 
7.0 

285.0 

Total weight: 380.8 g 

-- 



Table XXXVIII. Comparison of Vegetation Produced and Vegetation Harvested Per Hectare Per Year, Male Diet (and Others) 

Dry weight of intake Total annual 

Species with Uncorrected percent per year per ha for population, Value at production in kg Percent of Percent of total 

indicated percent of diet from column at left x 172.2 from left shown in Tables annual production 2028 kg forage 

of diet 1.0 or more Table XXXI Table XXXII, in kg X 2.5 XXX, XXXI possibly harvested production per ha 

1. Polystichum 48.4 83.3 208.3 420.3 49.6 

2. Pteridium 33.8 58.2 145.5 329.0 44.2 

3. Vaccinium 1.0 1.7 4.3 43.0 10.0 

4. Elvmus 1.7 2.9 7.3 18.5 39.4 

( Estimated) 

5. Alnus 5.1 8.8 22.0 1000 2.2 

6. Pseudotsuga 2.7 4.6 11.5 50 23.0 
92.7 398.9 20.0 



152 

been used because winter samples, not available, would enlarge the 

dependence on Polystichum considerably. 

More than 92 percent of the uncorrected diet has been 

represented. These figures may indicate that the mean population of 

32 animals of all age classes per hectare harvest nearly 50 percent 

of production of the preferred fern species, but only 20 percent of all 

forage species, per year. 

In regard to availability, the harvest has a seasonal and vertical 

distribution; the relation is shown in Figure 19. Winter brings an 

almost complete dependence on the evergreen fern, Polystichum, 

which grows with rather high protein and solids content in the shade - 

less forest through the winter. Not much change occurs in spring 

for males but lactating females switch to a higher protein fresh 

conifer diet which gradually merges with young grasses. In the 

summer and fall the preferred fern becomes Pteridium; the com- 

plementary growth of the two ferns leaves few blanks to be filled in 

by other plants. Both species are ideally harvestable from ground 

level without climbing. 

That the proportions of the diet do not match the proportions of 

vegetation production is fairly apparent, but a goodness of fit test 

(as described in Methods and Materials) was performed, again using 

uncorrected intake values, to test the hypothesis 



(1.rj)obs ' j 
1,2 ,r 
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using the formula already given (211, p, 443) (Methods and Materials) 

where r = 11, n = 2131, = theoretical proportion; 

to test: find (X2)obs , 
reject if 

2 jobs (x > X2 r -1 (5 %) , 

accept otherwise; 

X 10 
(5 %) = 18.3, REJECT. 

Pteridophytes 

Conifers 

Grasses 

Hardwoods 

Forbs 

Polystichurn Pteridium PolyStichum 

XXXXXXXXXXXXXXX XXXXXXXXXXXXXXXXX XXXXXXXXXXX 

XXXXXX 

XXXXXX 
XXXX 

Xnnxx 

XXXXXXXXXXXXXXXXXXXXXXX 

Figure 19. Dependence on seasonal and layer availability. X's indicate time of use; above line 

indicates climbing needed, below line indicates ground -level growth. 

Uses or Destruction of Vegetation for Non -diet Connected Purposes 

The harvest affects some plants in obvious ways: injury to 

above -ground parts causes retardation or even death at times and 

uprooting is devastating. Attention has been given to plants cut for 

Tr j = 

tr 

- 
J F M 

1,11 
J 

. . J. 
A S 

= 

A O ND 



Table XXXIX. Goodness of Fit Test of Diet -Vegetation Proportions From Data in Table XXXI 

Species 
Hypothetical relative 

frequency 
Observed relative 

frequency 
Observed relative 

cumulative frequency n 

1. Polystichum 20.7 48.4 48.4 1033 

2. Pteridium 16.0 33.8 82.2 722 

3. Bromus 11.2 0 82.2 0 2 = 1/2131 
X 10 

4. Urtica 10.6 0.1 82.3 2 

5. Oxalis 6.9 -- 82.3 1 x 4, 368, 185 

6. Rubus v. 5. 1 0 82.3 0 
= 2049 

7. Montia 2.5 0.2 82.5 5 

8. Vaccinium 2.1 1.0 83.5 22 

9. Lysichitum 1.9 0.2 83.7 4 

10. Holodiscus 1.6 83.7 1 

11. Remainder 21.4 16.3 100.0 341 

2131 

-- 



155 

food. Now a few other vegetation effects of mountain beaver activity 

can be noted. 

Nest Chamber Analyses 

Collection of nest chamber contents from excavations on the 

study site revealed a species composition for males similar to that 

of the diet but with this difference: complete dryness. A male nest 

from Excavation 4 had a weight of 6800 g, a volume of 70 1, and 

contents of 20 percent soft brown pithy cores of Polystichum stipes, 

20 percent dry pinnae of Polystichum and Pteridium, and 15 percent 

Alnus roots, stems, leaves, and aments. The remainder included 

many grasses, sedges, shrub parts, and forbs. 

This material if composed of edible and nutritious leaves would 

support one animal for one year. Nests consolidate into chaff and 

dust over several years and perhaps several generations and are 

replenished continually but because of almost complete use of 

senescent or winter -killed vegetation the contents cannot be called 

harvest. 

A female nest weighing 4450 g with volume of 60 1 contained 

95 percent mosses. Moss may enter the diet at least often acciden- 

tally when it sticks to other plants but because of the unlaminated 

pinnae can furnish almost no nutritional material (227, p. 6). There- 

fore such a nest also cannot be included in the harvest. 
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Seedling Plot Analyses 

Two seedling plots, one mostly under alders west of the creek 

and one in the south clearing on the east side, were staked out on 27 

October 1964 and planted with 100 0.3 m high Douglas fir seedlings 

each about 15 November the same year by the Forest Research 

Laboratory. Two inspections censused the plots during the following 

year with these results: 

leader topped: 

leader dead 

tree dead 

tree gone 

damaged: 

lost: 

20 February 1965 11 September 1965 
W area E area 

1 2 

0 0 

2 2 

4 7 

1 2 

6 9 

W area _ E area 
4 9 

9 5 

8 6 

24 35 

13 14 

32 41 

Within one year seedling losses amounted to 32 percent under alders 

and 41 percent in the clearing, respectively, while 13.5 percent 

additional were damaged. 

Most losses resulted not from ingestion but from side effects 

of burrowing; either complete removal by uprooting from below in the 

course of making a tunnel opening, or burying with the soil banks. 

In fact, in only one or two cases could loss be assigned to clipping. 

Damage effects may have been shared with other herbivores- -deer, 

brush rabbits, snowshoe hares - -but losses were due entirely to 

. 
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mountain beaver. The burrowing took place in the summer and was 

intensive in the south clearing where animals entered the clearing 

from outside after Pteridium growth had started and soon had a 

burrow opening every square m or two. 

a situation has no value. 

Douglas fir stocking in such 
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DISCUSSION 

Characteristics and Behavior Related to Feeding 

Many features of mountain beaver behavior have been described 

in the literature, principally from original observations by Anthony 

(14), Camp (57), Hubbard (172), Ingles (175, 176, 177), Lord (217), 

Lum (219), Pfeiffer (273), Scheffer (302), Seton (312), and Taylor 

(345), but also by others (47, 75, 88, 119, 125, 192, 240, 317). Of 

nine systems of behavior listed by Scott (307, p. 8) this study covers 

only two and parts of a third, 1). ingestive, 2). eliminative, and 

3). shelter seeking. 

The Activity Period 

One approach to animal behavior research uses inventories of 

temporal or developmental achievement including habit formation 

(307, p. 4). Hediger (161, p. 19) has said, "Animals live in a fixed 

space -time system, i.e., in a pattern of fixed points, at which they 

perform definite functions at definite times." Hediger has reviewed 

the pioneer work of Szymanski with actograms of animal activity 

period and rest period distribution. 

Like many other mammals (135, p. 282) the mountain beaver 

follows a daily polyphase alternation (161, p. 24) of activity periods 
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and rest periods. Ingles (175) in a study of this behavior in the 

mountain beaver has described six or seven (mean 6. 6) activity 

periods per 24 hours. He has listed the following approximate times 

of day for activity (asterisk indicates periods with long duration, 

"peak activity "): 

3:00 a. m. * 
9:00 a. m. 

11:00 a. m. * 
3:00 p. m. * 
6:00 p.m. 

10:00 p.m.* 

He has found that the longest activity period (2:45 hours) occurs at 

night, the longest rest period (4:15 hours) during the day, with mean 

time length of activity periods longer at night than during the day, 

mean time length of rest periods longer during the day than the night. 

Total activity time lasts eight or nine hours a day (mean 8:40) leaving 

over 15 hours for rest. 

This study corroborated these observations with the added pro- 

vision that two activity periods occurred during twilight, one about 

dawn, one about dusk, and other periods adjusted in time as sun -up 

sun -down times changed. 

As with most other small mammalian herbivores a pattern of 

frequent feeding is followed, made necessary by the limited capacity 

of the stomach relative to the low available energy content of its 

food due to the high moisture content. Slightly more than one -half the 
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activity time of the mountain beaver is spent in eating, while one - 

half the remaining activity time may be spent gathering food. 

The following schedule represents an analysis of a two -hour 

activity period from composite observations of captive animals and 

field observations of foraging animals and particularly from bio- 

telemetry observations of Animal 63: 

(Animal has been lying on side or back, asleep, tightly curled 

with feet around head in winter, or stretched out on back with 

all four feet in the air in summer.) 
Time Total 

Routine of activity period: spent: time: 

1. Awakes, opens eyes (nest is always in 

total darkness), sniffs, listens; starts 

moving vibrissae (almost constant 

during activity period). :02 0:02 

2. Scratches flea or other parasite loca- 

tion. ;01 0:03 

3. Uncurls, rights self, shifts weight to 

feet. 

4. Leaves nest chamber, enters feeding 

chamber (in total darkness) and pro- 

ceeds to pellet chamber or pellet pile 

in corner of feeding chamber. 

5. Defecates, throwing pellets into 



pile (177, p. 411). 

6. Reingests selected pellets (ibid.) 

(see Reingestion Behavior). 

7. Returns to feeding chamber, eats 

from vegetation cache. 

8. Grooms self. 

9. With incisors moves into earth ball 

chamber earth balls which have sealed 

entrance to chamber complex; may. 

replace them behind him on way out. 

10. Bounds to lighted area within burrow 

a few feet from an entrance; may take 

one of several openings. 

11. Waits several minutes to become 

light- adjusted, if during daylight; 

if light too bright outside, bounds 

to another entrance. :03 0:34 

12. Cautiously takes one or more cut 

pieces of vegetation already lying 

in burrow entrance, or just outside 

it on outside cache, pulls them 

inside quickly, may eat there or 

161 

Time 
spent: 

Total 
time: 

:04 0:07 

:01 0:08 

:15 0:23 

:05 0 :28 

:03 0 :31 
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Time Total 
spent: time: 

pulls them farther inside 

(57, p. 529; 238, p. 315). 

13. Eats from this supply. :10 0:44 

14. Bounds back to entrance, same or 

different. 

15. Cautiously takes a few bounds beyond 

opening under cover of foliage or 

log if light intensity outside low, to 

area of growing green vegetation. 

16. Cuts fresh vegetation (stems to 1.5 

cm in diameter if not woody) with 

incisors, pulls it to burrow opening 

by holding in mouth, then to feeding 

chamber (this may require removal of 

earth balls), or may relay this opera- 

tion by performing one part several 

times, then next part; leaves vegeta- 

tion in feeding chamber. :15 0 :59 

17. Returns to burrow opening, takes a 

few bounds to vegetation growth 

area, cuts vegetation, pulls it into 

opening, sits just inside. :06 1 :05 



18. Eats from this supply. 

19. Repeats 17, 18; gradually expands 

distance to plants chosen. 

20. Repeats 17; leaves a few pieces just 

outside burrow entrances at several 

points (outside caches from "incom- 

plete clean -up ") in making the round 

of the harvest sites. 
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Time 
spent: 

Total 
time: 

:05 1:10 

:20 1:30 

:10 1:40 

21. May stay within burrow remainder of 

period; begins tunneling, by 

a. enlarging an existing burrow. 

b. enlarging a chamber. 

c. digging a new burrow toward a 

new feeding area. 

d. pushing loose earth accumulated 

during previous tunneling toward 

openings used for unloading. :12 1:52 

22. May alternately begin other moving 

activity, such as 

a. cleaning debris from feeding 

chamber, pushing it to a nearby 

.. 



entrance and spilling it over 

the fan. 

b. pulling dry vegetation found 

outside or from feeding chamber 

to nest chamber; odoriferous 

plants chosen. 

23. Scatters a pellet pile, moving 

pellets out of feeding chamber, 

chewing or scratching pellets into 

small pieces on floor of runway. 

24. Urinates on pellet pile or on floor 

of runway, a process which gradually 

consolidates into "pavement" the 

fecal material scattered previously 

(172, p. 15). 

25. At end of period, slows down, becomes 

sleepy, ambles back to nest chamber, 

removes earth balls, enters, then 

recloses entrance, crawls into nest, 

grooms self (119, p. 708), falls asleep. 

26. During longer activity periods, just 

164 

Time Total 
spent: time: 

:02 1:54 

:01 1:55 

:05 2:00 
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Time Total 
spent: time: 

for the joy of it, may 

bound through burrow. 

b. explore into tunnels not his 

own, since adjacent systems are 

connected, and retreat quickly, 

or keep going if no challenge 

met, and even abandon his own 

quarters immediately if better 

are found unoccupied (125, p. 16). 

c. bound to nearest outside water, 

if available, for a drink, a dip, 

or even a splashing swim, or a 

ride with the current (21, p. 

226; 50, p. 18). 

d. slide or ti}mble down a soft earth 

fan created by his own excavations, 

like otter or beaver (346, p. 86). 

e. squeal, kick, jump, and run in 

circles; Lord (217, vol. 1, p. 349) 

says it whistles, so do others (336, 

vol. 8, ch. 3, p. 125). 

f. climb a tree, if of the right size 

a. 
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Time Total 
spent: time: 

and construction (176, p. 120; 

303, p. 40). 

g. look for a mate (during late winter 

only) . 

27. May encounter 

a. another animal of his own species; 

numerous such contacts occur 

daily; a dominance pattern 

undoubtedly exists determined by 

weight, age, and aggressiveness, 

but an animal is probably secure 

in his own burrow at most times 

simply because the larger, 

stronger animals already have 

the most desirable burrows or 

systems. 

. b. a predator; mink, weasel (53, p. 552), 

or skunk inside the burrow, or 

coyote (346, p. 86), bobcat, 

mountain lion, hawk, or owl (175, 

p. 422) outside. 



167 

The signal for the beginning of a rest period is fatigue; for the 

beginning of an activity period, a full rectum (as in other small 

rodents (16, p. 323)). 

Total daily time distribution is close to the following: 

Activity time: total 8:40 Rest time: total 15:20 

Feeding 52% 4:30 
Foraging and 

handling 21 1:51 
6:21 

Excavating 7 :36 
Defecating and 

reingesting 6 :30 
Grooming and 

scratching 7 :36 
Earth ball 

moving 3.5 :18 
Adjusting to 

light 1.5 :07 
Urinating 1 :06 
Cleaning up 

debris 1 :06 

100% 8:40 

Fossorial Behavior 

Burrow excavation accounts for a large part of the energy 

expenditure of the animal. The magnitude of this activity varies 

with the season mean temperature and associated factors: soil 

moisture (more tunneling observed during spring, summer, and 

fall, avoiding the water - saturated soil of winter), soil structure 

(forest soils usually contain at least 50 percent air space by volume 

.. 

.. 
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(328, P. 101)), seasonal endocrine stresses, food needs, frequent 

cave -ins in thin- roofed portions, and meeting the local conditions of 

drying or wetting of the principal chambers which may require their 

relocation. 

The volume of soil which the animal is capable of moving in 24 

hours and the energy required to move it were estimated as follows: 

in the summer of 1966 a hole making up part of Excavation. 4, with 

dimensions of 0. 33x0. 5x0. 75 m or 0.124 m3, was filled overnight. 

The earth was moved an average of 3 m by Animal 63 in the con- 

struction of a new burrow under a fence enclosing the animal's 

system. Assuming that the soil weighed 2, 320 kg /m3, the moving 

itself should have required no more than 2.0 kcal of energy beyond 

the basal amount which at 25 percent muscular efficiency meant an 

expenditure of 8.0; digging out the relatively dry soil may have 

required twice this amount or 16.0 for a total of 24.0 kcal for the 

project. Even with utmost effort the animal probably could not 

exceed this performance by a factor greater than 2, or 48.0 kcal 

maximum attributable to earth- moving in 24 hours. The average 

daily expenditure for burrowing probably does not exceed 10.0 kcal. 

Much of the burrowing activity consists of extending a system 

of tunnels through the soil beneath a vegetated area, the tunnels 

opening at the soil surface by either vertical shafts or cave -ins or 

by more -or -less horizontal shafts in the immediate vicinity of 

- 
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growing food plants. Camp (57, p. 520 -523) has shown plan and 

elevation of part of a burrow system. An entire system with 49 

openings and adjacent connections has been illustrated in Figure 20. 

Openings occur at an average of one every six or seven m2. 

The animal's head flattens dorsoventrally and widens 

posteriorly as in other fossorial mammals. The neck and legs are 

short, the feet plantigrade. The front feet grow slightly larger than 

the hind feet (showing far less difference than in moles); five narrow 

nonretractable claws on each foot measure a centimeter or more in 

length, are very sharp, and slightly curved downward. Tactile 

carpal bristles extend laterally from each front foot. The animal 

digs by scooping rapidly downward with its front feet, alternately, 

and pulling the loosened soil beneath the body; it may turn to push 

the earth with its head and shoulders (14, p. 55), and expels it from 

horizontally- driven shafts -- those vertically - driven are not used for 

unloading - -in a burst by turning again and pedalling the earth out 

through an opening with its hind feet from just within the shelter of 

the burrow (172, p. 16). The incisors are used to loosen packed 

soil or the numerous stones of the upper horizons. In this process 

some soil is continually ingested causing gritty particles and soil 

minerals to appear in stomach or fecal pellet material to such an 

extent that pellets from unconfined wild animals are shaded black, 

while pellets from animals kept for at least a week away from soil 
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become green. The same soil ingestion has been noted in Rattus 

norvegicus (54, p. 29; 280, p. 382). The tailings resulting from 

burrow excavation accumulate as a down -side fan or soil bank one m 

or more across resembling in volume the diggings of the ground 

squirrel or prairie dog. 

Tunnel size depends on the size of the animal and the con- 

sistency of the soil but ranges from 10 to 20 cm in diameter and 

nearly round. The vibrissae normally reach from side to side. A 

smooth pavement of compacted debris accumulates on the floor if 

tunnels are inhabited for several years or by several generations 

(172, p. 15). Water may seep into tunnels or be introduced at 

openings to course in streamlets along the floors (57, p. 522; 219, 

p. 11). Much tunneling follows the bottom of fallen logs or roots and 

occasionally goes under tree or stump bases, making use of the 

cavities left by rotted wood. On the study site tunnels paralleled the 

major contour of the surface and were dug at two levels, a shallow 

level among the A and B horizon Pteridium rhizomes, and a deep 

level in the C horizon to avoid the rhizomes, the former to 50 cm 

below the surface, the latter to 100 cm or more below. Tunnels 

rarely go deeper than 120 cm (172, p. 15). The shallow level tunnels 

at a usual depth of 25 cm (14, p. 55) branched to the numerous 

openings located for the most part under shrubs or boulders or logs; 

the deep level tunnels connected chambers or led to them. 

.. 
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Connected tunnel systems may stretch for 100 m or more from 

side to side (57, p. 520). The twisting nature makes it necessary 

to traverse several times this distance to go from one side to the 

other. In the study area the system of a single animal probably 

never exceeded a diameter of 25 m but all or most individual systems 

were connected. Tunnel openings were not plugged in summer nor 

apparently in winter (57, p. 529) but plugs were observed at nest 

chamber entrances or in tunnels leading to them. Burrows may be 

used by other small animals -- salamanders, shrews, chipmunks, 

ground squirrels, mice, weasels, skunks, mink, hares, and brush 

rabbits -- either accidentally, commensally, or predatorily (171, 

p. 33; 338, p. 41). A mountain beaver may bound through most of 

its underground system or from one side to the other in a few 

minutes. The galloping rabbit -like gait is slower than that of the 

ground squirrel; the animal also walks, crawls, or ambles. 

The animal grows to sexual maturity in two or three years 

(94, p. 17). During the juvenile period the moderate population 

pressure resulting from the small single annual or biennial litter of 

three or four young born near the end of March (ibid.) may force 

some short- distance overland migration but most movement related 

to population expansion occurs through burrowing (32, p. 520). 

Like the prairie dog (137, vol. 17, pt. 2, . p..1393) the mother may 

leave her burrow to one or more young. Apparently very little 
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expansion of territory or relocation is done above ground although 

this could happen if an animal became lost (88, p. 61; 172, p. 349). 

While the networks of connected tunnels developed from random 

digging from an original burrow by new generations of animals have 

been called "colonies," the behavior is hardly colonial as it is in 

Cavia, the only positive contact characteristic (284, p. 65) being the 

connection of systems. Each inhabitant maintains as large a diameter 

of individual dominance as possible, and Cahalane (31, p. 552) has 

observed that the activity of two or three animals burrowing "gives 

the impression of a big colony." It is probable that the "territory" 

is almost entirely underground and represents the burrow system or 

part of it dominated by the user. "Home range" coincides with the 

above- ground area surrounding openings where forage is gathered 

although forays of 20 to 25 m to obtain certain plants are not 

uncommon. Moore (250, p. 23) has said, 

. Individual range is more extensive in summer than in 
winter. Large bracken fern areas provide cover under 
which the animal extends its surface trails. In fall the fern 
fronds, often head high, rising from a dense root system, 
die and settle to the ground. With this cover gone, the 
animal restricts its wanderings to the margins of timber 
and brush shelter. . . . 

Vacated systems are often inhabited by new individuals following 

death or abandonment, as a result of exploratory activity to test the 

boundary (183, p. 530). A mountain beaver in its nest chamber, 

hearing the approach of another animal in the burrow, will stamp 

. . 
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its feet in the manner of certain woodrats or kangaroo rats to 

notify the intruder of its priority. 

Five kinds of chamber, several with a security rank, are 

found in the tunnel system: nest, feeding, refuse, fecal pellet, 

and earth ball. 

Each animal occupies a nest chamber, its most secure shelter, 

for use during rest periods. This chamber and the feeding chamber 

form a hub from which the deep tunnels, if more than one, radiate. 

The nest chamber originates from a lower level tunnel enlargement 

eventually as large as 50 (57, p. 521) or 60 (172, p. 16) cm across 

and 36 cm high, nearly filled with dried vegetation pulled around in 

a ball -like manner as an :. effective thatch against soil water (mole 

and gopher nests differ from this principally in size; the prairie dog 

nest chamber is almost identical (194, p. 22)). The animal dives into 

the nest to rest and sleep. Females also use the nest for parturition 

and nursing quarters. As already stated in the analysis of nesting 

material, nests of males excavated contained a mixture of many kinds 

of dry vegetation colored from green to yellow or brown with a 

slightly moldy surface making a highly odoriferous environment for 

the resting animal. On the other hand one lactating female nest 

examined contained almost 100 percent dry but fresh green moss, a 

possible explanation for the difference being the tendency of the male 

nest lining to form dust or to liberate spores which might irritate the 
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young. Male nest material also abounded in parasites; the female 

did not. 

One or more feeding chambers lie adjacent to the nest 

chamber (262, p. 532) and may be as large or larger, but kept 

nearly empty perhaps as an air reservoir. This chamber serves as 

depository for the animal's largest cache of fresh and wilted vegeta- 

tion. Much feeding is done in this retreat (172, p. 16) after vegeta- 

tion has been hauled in from the outside; the nest chamber lining may 

also be used for feeding purposes since the nest itself is edible but 

dry. A thin white water- droplet - studded mold may line the feeding 

chamber where stored plants remain as wet as when they were 

brought in because of constant nearly 100 percent relative humidity. 

Sadly for the mountain beaver they do not remain. fresh. 

Various refuse chambers open from the feeding chamber. 

These receptacles, some no larger than a grapefruit, are stuffed 

with the decaying plant debris collected from the floor of the feeding 

chamber. Entrances to them were often found closed with earth 

balls. Counterparts of this chamber have been found in burrows of 

Rattus norvegicus (280, p. 376) and Thomomys (8, p. 87). 

The fecal pellet chambers also open from the feeding chamber, 

or from a lower level blind tunnel leading from it. A part of the 

feeding chamber itself may also be used as a depository for pellets. 

However, Camp, 1918 (57), the only authority who has published an 
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account of a supposedly complete excavation of a mountain beaver 

burrow system, did not mention pellet chambers, admitted he found 

no pellets in the burrows (p. 531), and therefore did not expect to 

find facilities for them. Seton's (311, p. 48) observations on the 

fecal disposal systems of mammals were not published until 1925. 

Although some were not easily found, numerous pellet 

chambers were emptied for contents collection from the excavations 

on or near the study site in the summer of 1966. Only very old 

chambers of this kind were found closed by earth balls. The average 

diameter of a chamber was 18 cm, the mean weight of contents about 

650 g, and since mean wet weight pellet production as determined by 

the feeding experiments was 18.6 g per day for mature animals, 5 

the minimum number of days a pellet chamber is in use appears to 

be 35. An animal would then need ten or more such chambers in a 

year. The largest number of pellet chambers found in connection 

with a single system during an excavation was six (for Excavation 1) 

each with pellets in a different stage of decomposition cared for by a 

swarming invertebrate fauna probably found only in such situations. 

The oldest chamber pellets had been reduced by the inhabitants to 

brown fibrous hulls only slightly resembling fresh products. Because 

5Average for the 6 -day completed feeding trials, Table V, 

Column 20. 
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some pellet chambers may have been overlooked in an excavation, 

the oldest chambers examined could have been several years old. 

Knowledge of vegetation availability with aspection should make it 

possible to date a chamber accurately by the FPA method if one can 

assume that only one chamber was being used at one time. 

The earth ball chamber provides storage for '!mountain beaver 

baseballs." A chamber complex may afford them at several loca- 

tions. A collection from Excavation 1 numbered 58 earth balls or 

stones retained by the animal after their encounter during burrowing, 

averaging 8 cm in diameter and weighing 200 g each. Consistency 

was extremely heavy clay or friable rock, the shape spherical or 

lopsided. Camp (57, p. 529) has spoken of "large pellets of earth 

evidently manufactured by the animal" but the only manufacturing 

process noticeable here was gnawing; the most -used balls were care- 

fully encircled with incisor- marked ridging and looked like exteriorly- 

welted baseballs. It is likely that the balls serve an important 

accessory function in trimming the animal's incisors since the 

succulent diet furnishes little abrasive. But the balls serve primarily 

as chock stones to close the nest chamber- feeding chamber complex 

entrance against intrusion while the animal is in the nest or away 

from it and therefore are handled (or mouthed) many times. Rattus 

norvegicus uses similar balls (54, p. 38). 

No external features reveal the location of the nest chamber. 
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The nearest opening may be 5 m or more distant, concealed by 

foliage or log cover, and one may walk over the complex unaware of 

its existence. The complex of Excavation 1 featured two tunnels 

at 180° to each other for entrances but the other three excavations 

showed only one tunnel entrance per complex each at least 5 m long. 

This tunnel might curve but had no sharp bends so that long pieces of 

vegetation could be dragged easily through it to the feeding chamber. 

The deep underground system probably creates problems in 

regard to burrow ventilation. These may be solved in several ways: 

cross ventilation providing a stream of air through the complex by 

means of two entrances when both are unplugged; piston ventilation 

providing some change of air as the animal moves along the tunnels; 

a large air supply filling the volume of the chambers; and possibly 

most important, capillary ventilation through the air spaces of the 

soil utilizing short blind burrows tunneled into the lowest A soil 

horizon. 

The ceilings of the nest chamber -feeding chamber complex 

were found smeared with a coat of clay also noted by other excavators 

(262, p. 532) which could serve to deflect soil water. This would also 

limit capillary air transfer. Because the ceiling is usually at least 

50 cm below ground the special shafts spoken of above may be dug 

laterally and diagonally upward from both chamber walls to provide 

for such air exchange within half this distance or even closer to the 
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surface. These burrows probably also function as blind retreats in 

case of attack and are called back -up burrows in Figure 20. Two or 

three such burrows were found at each excavation. 

A chamber complex may be located beneath a rotting log 

to provide a safety shield factor against percolating . water following 

rains. 

Harvesting Behavior 

Forage cutting, subsequent handling, and feeding account for 

the largest part of the non -basal energy expenditure of the animal. 

Time spent in these activities amounts, to 6:21 hours per day of the 

total 8:40 active hours or 73 percent. Forage cutting and handling 

account for approximately 1:51 hours of activity time per day but this 

activity varies far more than feeding time. 

Foraging_ 

The food the animal eats has been described as browse. This 

is not eaten immediately, however. It is cut where it grows, then 

transported to safer places to be eaten. Food is therefore selected 

twice. The initial process will be described as foraging. 

From any vegetated area within its home range, defined by 

Calhoun (55, p. 4) as "the area covered by an individual in its day- 

to-day activities," the animal harvests almost any vegetation 

- 
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available (153, p. 155). This includes ground cover, herbs, and 

portions of shrubs and trees. On the study site no climbing above 

one m was noted but animals have been known to climb lateral - 

branched trees six m or more (176, p. 120) to lop branches leaving 

stubs behind for the trip down. During verdant seasons three or four 

times more vegetation than can be eaten in one day will be cut on 

many days, most or all of this during twilight or nearly -dark 

activity periods. Like some other nocturnal mammals (118, p. 594) 

the mountain beaver avoids light as bright as moonlight. Through 

part of the winter season or during full moon much less than is eaten 

may be harvested on most days. This implies 

as much as a two -week supply of forage. 

Storage locations include outside caches 

storage facilities for 

(sometimes very 

numerous), covered caches under logs and within burrow openings 

(less numerous), and the feeding chamber cache (single or few), 

each progressively closer to the animal's most secure chamber. 

During foraging and hauling the animal usually makes a number of 

trips between the same stations, such as foraging ground- outside 

cache, foraging ground -outside cache, to build a pile before it moves 

the pile to the next station. This shuttle or relay operation while 

above - ground has often been misinterpreted as a thorough drying 

process like pika haymaking. 

Movement during foraging is hurried (219, p. 11) and probably 

predator- conscious. Therefore less selection precedes forage 
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cutting than precedes actual feeding. 

Apparently the eye can distinguish details in semi -darkness not 

apparent to daylight animals. The diet provides vitamin A for 

scotopic vision, the retina consists mainly of rods, and night vision 

might be postulated as relatively much better than day vision. But 

the animal can perceive under full illumination the objects around it 

within a short distance. Its social organization probably makes much 

use of sounds (382, p. 41). 

Animals have been observed foraging at some distance from the 

burrow in moderate light. One of several explanations may account 

for this. Confining outside activity to periods of relative darkness 

could be learned from the dam as a reaction to experience with 

predators; death of the mother before maturation of the pups could 

leave them without experience of the dangers of lighted areas, and 

such animals might be the only ones found abroad in daylight. 

Animals kept in the security of cages, if caught very young (soon 

after weaning), come out of their darkened nest boxes into full day- 

light; animals caught when older usually do not, at least not until 

fully accustomed to their safety. 

Forage is cut with the incisors, the upper acting as a combina- 

tion hook - chopping block held stationary during biting, the cutting 

edge of the lower teeth sliding against the lingual crown of the upper 

or else against their cutting edge for a large stem. Motion of the 
- 
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mandible is entirely longitudinal during cutting if the food is soft, or 

with a sidewise motion if woody. Woody stems up to four cm in 

diameter (142, p. 158) have been cut by very large animals by 

gradual gnawing but the more usually collected one or two cm stem 

shows a single slanting cut (53, p. 550). 

Most plants harvested classify as succulent herbs. Cut stipes 

of bracken or sword -fern indicate that the animal fells the frond near 

the ground. It then grasps the stipe between the molars on one side 

and the diastemal gums on the other by the end near the cut and with 

this projecting forward and the remainder of the plant lying alongside 

or across the shoulders with head held high pulls or carries the entire 

piece to the next station. It may also use a backing walk in pulling a 

long load. Sword -fern fronds may be pulled in either manner through 

the burrow to the feeding chamber before being cut further. The 

blade of a bracken frond on the other hand may require cutting several 

times before it reaches the feeding chamber. 

Closely- growing succulent ground cover may be mowed or 

uprooted en masse and pulled into the burrow as a windrow, and 

eaten mixed stems and all. When closely -growing plants are of the 

same species they are cut in this fashion, or more separated plants 

or large leaves are picked out one by one, and carried by mouth with 

the stems or petioles all lying in the same direction. An outside 

cache often shows bundles of single species neatly organized into 

.. 
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such sheaves (240, p. 219; 346, p. 86) or hay piles. 

"Haymaking" 

Harvesting behavior includes what has often been called 

(172, p. 15; 190, p. 372). Morrison (252, p. 215) in an 

application to farming has stated, 

The primary object of hay -making is to reduce the 
water content of the green plants enough so that the hay 
can be safely stored in mass without undergoing pro- 
nounced fermentation or becoming moldy. 

But this is not what happens to mountain beaver hay. 

Stacks of fresh vegetation as deep as 60 cm (265, p. 104) and 

sometimes piled on shrubs, logs, or other objects (240, p. 219) 

gradually accumulate outside burrow openings and then as gradually 

disappear. This continues throughout the growing season and 

especially during the summer but at any other time when green 

vegetation is available as well. On the study site fresh caches were 

collected in almost every month of the year (Table XXXIV). Pos- 

sibly the first opinion on the significance of the caches associated 

them with preparation for hibernation or "partial" hibernation, 1866 

(217, p. 356; 229, p. 435). Later when the animals were known not 

to hibernate, 1878 (219, p. 13), the caches were thought to provide 

dry long -term winter food, 1895 (47, p. 124), the hay defined above. 

Then Camp (57, p. 529) in 1918 said, "From observations of the 

"hay- 

making" 
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nests and of feeding habits my own conclusion is that the animal does 

not eat dried food but uses its hay for nest -building material." 

Parker (266, p. 64) as recently as 1952 said, "Mountain beavers are 

known to stack and cure vegetation near the mouths of their runways. 

This is now believed to be done in order to have a supply of dry 

bedding. " It had been observed as early as 1906 by Stephens 

(331, 'p. 95), however, that the outside caches were not allowed to 

dry, but were carried in "as soon as they were well wilted." 

Actually the outside caches never remain outside beyond the perma- 

nent wilting stage and once taken into the feeding chamber with its 

100 percent relative humidity they never dry. But the nest chamber 

plants are dry. What is the source of the dry bedding? One look at 

a nest chamber makes it obvious: the animals carry in plentiful 

already -dry vegetation from a previous year as found on the ground 

outside following senescence or winter kill and later dehydration. 

Once thoroughly dry outside the burrow, this material remains dry 

inside the burrow. There is no need to make more. 

Why, then, do the animals make the outside caches? 

One reason has already been intimated but at least two can be 

found. First, the animal relishes a moderate water content in the 

diet. The fresh succulent plants provide more than enough; it has 

been proved that no additional water, no drinking water, is necessary 

(119, p. 708). By wilting some vegetation (which proceeds too 

. . . 
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slowly inside the feeding chamber) and then mixing it with fresh 

plants the animal achieves a desired ratio of intake volume to water 

content. Opposing this idea, on the other hand, is proof that the 

animal can subsist very well on dry alfalfa hay or dry pelletized com- 

mercial dairy ration when adequate water is supplied. But it prefers 

the naturally fresh and wilted herb diet. Wilting also increases 

odor, part of the preference- rating checklist. And exposure of the 

plants to sunlight after their cutting increases the vitamin D content. 

Second, and probably far more important, the animal needs 

security (a sense of safety) during its daily activity period routine. 

Some animal psychologists place this need before all others (161, 

p. 21). The analysis of the activity period behavior indicates the 

following traits as security- related: the animal seals off its chamber 

complex with earth balls when it intends to be gone long, and unseal- 

ing this block does take some time which it cannot afford to spend 

often during a single activity period; and the animal relays its har- 

vested plants by piling them closer and closer to the feeding chamber 

so that it can carry in a large quantity at once, rather than by 

separate pieces each of which requires a long journey and a separate 

gate- opening. The sum of this relaying behavior and recurring 

fatigue making a rest period intervene before its completion builds 

security by providing food just within a number of burrow entrances 

in case conditions outside do not justify leaving cover, and also. just 
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outside burrow entrances in case conditions are only slightly better 

and a long foray appears unsafe. In other words, no matter what 

conditions of light or weather are found outside, the animal almost 

always has food -handling work which can be done at the appropriate 

segment of the activity period. The ultimate economy of the 

activity period -rest period cycle turns a residuum of unfinished 

harvesting or "incomplete clean -up" into an unprogrammed security 

factor. In this analysis the hay piles become accidental intermediate 

but the last above -ground stations within the admittedly more pur- 

posive foraging behavior. Mountain beaver haymaking in the farmer 

sense belongs to natural history mythology. 

Feeding Behavior 

Feeding and the selection immediately preceding it account for 

4:30 hours per day of activity time or more than one -half the total 

8:40 active hours. Feeding does not occur at random times but only 

during a definite part of the activity period. Feeding activity is 

almost constant early in the activity period and then gradually 

diminishes as foraging and forage handling gradually mix into it as 

the stomach becomes full. 

Selection 

The animal selects the vegetation it will eat (after it has been 
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rediscovered in a safe feeding place) without hesitation; the food is 

usually either eaten or ignored after a cursory sniff and touch with 

the muzzle. Odor and texture determine the observable factors in 

selection. The entire preference checklist appears to read as 

follows in a sequence from far to near distance: 

1. odor: the animal must be classified as "macrosmatic" 

(161, p. 19) by means of an elaborate olfactory apparatus 

including a Jacobsen's organ (368, p. 198) and a memory 

for food items. An external pre -ingestive distance signal. 

2. texture: the rhinarium (137, vol. 17, pt. 2, p. 1328) 

supplies the animal's most sensitive tactile area for the 

detection of moisture content (succulence) and amount of 

vesture (pubescence). An external pre -ingestive contact 

signal. 

3. taste: largely dependent on a battery of tongue receptors. 

Zotterman (386, p. 286) has said that every animal has its 

own taste world without parallel in the few qualities of 

taste recognized by man. An internal pre -ingestive contact 

signal. 

4. aftereffects: such consequences of plant ingestion as 

poisoning, internal lacerations, or major alterations in 

fecal consistency or excretory composition, could be 

remembered and might lead to avoidance. The absence of 
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such a history plus desired nutritive effects must be the 

ultimate criterion of acceptance. An internal post- 

ingestive delayed signal. 

Visual appearance probably plays a very minor or non- existent 

role in selection just before ingestion and the animal in captivity 

often feeds with its eyes closed. The unconfined wild animal almost 

always feeds in the dark. 

Preferences 

When food is abundant selection follows preference scaling 

which may be determined by palatability. 

The usual definition of forage palatability is that by Dayton 

et al. (89, no pagination) in their Range Handbook, given as 

. the degree to which the herbage within easy reach of 
stock is grazed when a range is properly utilized under the 
best practicable range management. The percentage of the 
readily accessible herbage of a species that is grazed when 
the range is properly utilized determines the palatability of 
the species. 

A scale from "practically worthless" (less than five percent utiliza- 

tion) to "excellent" (over 90 percent utilization) has been suggested. 

Their range animal ratings for species dominant on the study site 

have been given in the Results and Data section. 

More recently Heady (160, p. 76) has said, 

Palatability is defined as plant characteristics or 
conditions which stimulate a selective response by 

. . 
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animals. . . . Preference is reserved for selection by the 
animal and is essentially behavioral. Relative preference 
indicates proportional choice among two or more foods. 
Many features besides palatability influence food selection. 
Palatability and preference have been used as synonymns. 

This definition emphasizes differences in palatability when the same 

plant species is considered for different animals. 

The best indicator of preference available in this study other 

than the composition of the diet was derived from relative quantities 

eaten during the feeding experiments, which were determined in turn 

entirely by the weight of fecal production. For the 11 plant species 

with 6 -day completed feeding trials the preference ratings appeared 

as follows (Table XII, Column 21): 

"Palatability" 
rank 

"Digestibility" 
rank 

Pteridium aquilinum 1 10 

Acer circinatum 2 6 

Vaccinium parvifolium 3 3 

Holodiscus discolor 4 8 

Sambucus callicarpa 5 11 

Rubus parviflorus 6 7 

Polystichum munitum 7 1 

Athyrium Filix-femina 8 2 

Rubus spectabilis 9 4 

Digitalis purpurea 10 5 

Lysichitum americanum 11 9 

The first item on the list certainly does not have the palatability 

assigned by range management studies for cattle, sheep, or deer. 

Dayton et al. have said of Pteridium, "As range forage western 

bracken is usually considered worthless or of distinctly minor 
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importance. Its palatability ordinarily ranges from zero to poor" 

(89, p. W161). They also cite it as the leading cause of livestock 

poisoning, "fern staggers," in western Oregon. In experiments with 

rats Weswig, Freed, and Haag found that this animal died within 30 

days on a 40 percent unheated bracken diet (369, p. 737). Its 

poisonous qualities have been assigned by others to hemopoietic 

disturbances (370, p. 129) in polygastric, avitaminosis B1 (114, 

p. 180) in monogastric herbivores. 

Other ferns fare little better in the ratings. Crouch, for 

example, classified sword -fern as "survival ration" for deer (81, 

p. 75). 

Crouch is the only researcher known who has ever published 

relative plant preferences for mountain beaver (and only for plants 

preferred by deer). In an estimate of woody plant browsing by 

pacifica subspecies animals elsewhere in the Oregon Coast Range he 

has indicated the following plant utilization (percent of growth har- 

vested) by ocular "before and after" criteria (p. 90): 

Acer Vaceihiúm_. Alnus Holodiscus 
circinatum parvifolium oregona Salix discolor 

winter: 42% 39% 27% 11% 3% 

summer: 28 22 33 0 3 

It will be noted that these values are in the general range of plant 

growth harvested shown in Table XXXVIII. He did not estimate fern 
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utilization knowing that deer generally refuse ferns. 

The findings of Crouch and of this study obviously agree in 

regard to the palatability of the shrubs Acer circinatum, Vaccinium 

parvifolium, and Holodiscus discolor. The first and last of these 

plants (sun- loving species) were not available in great enough 

quantity on the study site to make them appear to any extent in the 

diet, however. 

The normal palatability and selection- promoting factors operant 

on an alder site are not as easily determined or as favorable as 

might at first be thought. The first six species ranked under 

"palatability" for the feeding experiments were taken from exposed 

sunlit areas of the study site, the last five from alder - shaded areas. 

These factors diminish palatability under the alder canopy: 

1. the constant drip of "honeydew" caused by the association 

of scale insects and aphids (112, p. 228) on the leaves of 

alder which covers them and all vegetation beneath the 

trees with a sticky coating not desired by herbivores. 

Partly washed off by fall rains. 

2. insect damage to shaded plants. Many under -alder species 

but particularly Urtica gracilis were perforated almost to 

defoliation by beetles by July or August. 

3. the limited mesophyll development of shade leaves (381, 

p. 355) and hence lower nutrient levels in comparison with 
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sun leaves. 

Extensive summer migration of mountain beaver into sunlit clearings 

covered with a massive growth of bracken can be attributed to the 

absence of the factors above, as well as the following: 

1. larger plant size. This may influence selection during 

foraging (Table XXXXI). In the open bracken grew to 2.2.m 

tall. Under alders it seldom reached 1 

2. closer spacing of plants. A hectare of sunlit bracken may 

have 333,000 fronds or 33/m2 (235, p. 484). Under alders 

on the contrary bracken becomes scarce. 

An attempt to establish a palatability scale must therefore recognize 

sun and shade factors. Sun sword -fern was usually preferred to 

shade sword fern by captives, for example, for reasons apparent in 

Table XXXX. 

Harvesting of fern has been noted in other mountain beaver 

references (57, 219, 229, 317, 346). Only Scheffer (302, p. 6 -8) 

has been specific enough to say it eats bracken in summer, other 

(evergreen) fern in winter. If the percentages of fecal epidermal 

fragments counted can be interpreted as corresponding to intake the 

actual diet composition rank is as follows (Table XXVII): 

percent of intake 

1. Polystichum munitum 48 
2. Pteridium aquilinum 34 
3. Alnus oregona 5 

m. 
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4. Pseudotsuga-Menziesii 3 

5. Elymus glaucus 2 

6. Vaccinium parvifolium 1 

7. Athyrium Felix-femina 1 

8. Tsuga heterophylla 1 

95 

Ferns therefore furnish at least 83 percent of the diet. In spite of 

its possible low digestibility bracken selection appears to be based 

on preference as well as availability, at least preference over insect- 

soiled or damaged species. This plant to the almost complete excluV 

sion of other species except sword -fern was fed to captive animals 

during this study for months at a time without health problems. The 

immunity to bracken poisoning has never been investigated. 

This is then an unusual herbivore, eating "poisonous" ferns 

and occupying a diet niche no other vertebrate wants! 

Fanciful food preferences have been assigned by some 

observers. Lord in 1866 (217, vol. 1, p. 355) was the first to 

mention roots and spoke of its "favorite food being fine fibrous 

roots." Merriam (238, p. 314) in 1886 said its food was "in large 

part composed of aquatic plants." The former idea may have 

originated from finding such roots in feeding chambers or on refuse 

piles outside burrows; in a feeding chamber analysis (Table XXXV) 

38 percent of the litter on the floor consisted of Oxalis oregana roots 

(fibrous type system) pulled up when the plants were harvested entire 

later to be bitten off and discarded. They are probably not eaten. 
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And although some aquatic plants (Lysichitum, Chrysosplenium, and 

Oenanthe) were found on outside caches (Table XXXIV) they were 

definitely seldom collected. 

The most used food item, Polystichum munitum, probably ranks 

much higher in palatability than shown in the scale given. No sun - 

grown material of this species was used in the Phase I feeding 

experiments. 

Ingestion 

If the piece of vegetation is large the animal will hold it down 

with the front feet, bite off leaves or pieces, and chew these without 

other assistance from the feet. If the piece of vegetation is small 

and succulent the animal will sit on its haunches squirrel -like and 

hold the food up by using either both palms facing or one by apposition 

of the pollex and the tori (368, p. 130) and push the piece gradually 

into the mouth as chewing proceeds. The musculature of the pectoral 

girdle, front limbs, and pelvic girdle which allows these sciuromorph 

postural movements has been studied (124, 210). Merriam (238, 

p. 315) has said, "they can grasp and hold anything in their feet as 

well as a monkey." 

The mouth cavity, approximately one cm wide and four long in 

a mature pacifica animal, provides a sub -cylindrical tube through 

which the severed vegetation travels. A medial palatal line of - 
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papillae or rugae and the lateral posteriorly- directed bristles inside 

the mouth furnish a one -way grid on which food, pushed upward by 

the tongue, moves backward past the diastemas toward the molars. 

Coues and Allen (72, p. 585) have carefully described the palatal 

structures; Pilleri (279, p. 11 -17) has provided figures. The best 

description and figures of the dentition have been provided by Taylor 

(345, p. 440). Masseter muscle origins and insertions have been 

figured by Grassé (137, vol. 17, pt. 2, p. 1339). 

The lower lip, which retracts behind them when the mouth is 

open, covers the diastemas when the mouth is closed. Food is 

severed by a longitudinal closing of the jaws, but is chewed by 

another kind of movement- -the masseters move the mandibles 

laterally so that vegetation caught between the upper and lower 

molars, pushed buccally by the upward -pressing tongue, is ground 

on both sides. The molar rows are straight as in other small 

rodents and the rami parallel. The shearing action of the teeth 

becomes scissors -like. A single style from each molar projects 

lingually ventrally, buccally dorsally. The encapsulation of the 

articular processes allows both longitudinal and lateral mandibular 

motion the combination of which becomes rotary in a rapidly- feeding 

animal (342, p. 426). The head is held either diagonally or vertically 

during chewing. 

Approximately ten complete lateral movements of the mandibles 

.. 

.. 
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are necessary for chewing a mouthful of vegetation. The capacity of 

the mouth is much greater, to accommodate coarse roughage, but 

the size of the bolus appears to be about 0.5 cm3. Two very large 

pairs of salivary glands - provide secretions for mastication and 

swallowing (72, p. 585). 

Thistle plants (Cirsium vulgare and Cirsium brevistylum) 

were eaten avidly by captives. The pinnatifid stoutly- prickled leaves 

were detached at the stem and ingested attached end foremost so that 

the points passed harmlessly through the mouth until chewed and 

swallowed. Similar thistle eating by Cynomys ludovicianus (194, 

p. 9) has also been observed. 

Nettle plants (Urtica gracilis) with their stinging trichomes 

were eaten just as avidly without sign of external or internal discom- 

fort. The histamine and acetylcholine content of the trichomes (110, 

p. 440) must be ineffective against the mountain beaver. 

Plant water content expressed by turgidity and wilting stage are 

important to the animal because related to the effort necessary for 

trituration and mastication. 

Digestion 

Few published studies of the anatomy of the digestive system 

can be cited. They include only descriptions by Coues and Allen, 

1877 (72), and descriptions and illustrations by Tullberg, 1896 (358), 
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and Pilleri, 1960 (279). 

Comparatively the digestive system resembles that of Cavia 

porcellus (248) rather than that of sciuromorphs. In Cavia and in the 

mountain beaver both stomach and caecum provide distensible storage 

space for a prodigious volume of intake, and the small and large 

intestine are similarly long and looped. 

The entire digestive system and its contents under field condi- 

tions weigh from 25 to more than 50 percent of the animal weight, 

usually nearer the former. Most newly- captured animals, weighed 

perhaps 12 hours after the last food intake, had the stomach. about 

1/5 full (at five percent of animal weight) and the caecum about 1/5 

full (at ten percent of animal weight) to completely full (at 33 percent 

of animal weight). The small intestine averages 1.3 m long, the 

large intestine 0. 9 m long. Animal 39 at 688 g showed the following 

digestive system weights: 

liver 29.5 g 

pancreas 1.9 
stomach 32.8 (1/5 full) 
small intestine 16.3 
caecum 62.0 (1/5 full) 
large intestine, 

rectum with 
14 pellets 22. 6 

165.1 g 

Maximum stomach capacity for the average 700 g adult appears to 

be about 50 ml while the total intake per day is usually less than 100 

g wet weight which distributed among six meals indicates an average 
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stomach intake of 17 g per meal. The intake includes a considerable 

volume of gas (the entrained air of the mesophyll) which distends the 

stomach even when nearly empty of food. At least some of the gas 

is worked into the caecum where the oxygen is probably used by 

microorganisms. 

Tullberg (358, p. 235) has described the stomach as follows: 

Der Magen hat eine höchst ungewohnlich Form, indem 
sein Fundus in einen ein wenig spiralig gebogenen Blindsack 
verlängert ist. 

Harder (155, p. 96) has given these proportional volumes for organs 

of the rodent digestive system: 

Small 
Animal Stomach intestine Caecum Colon Rectum 

Nutria 19.4% 16.7% 44.4% 19.4% 
Muskrat 27.2 16.5 37.8 13.3% 5.3% 
Guinea pig 15.1 37.7 31.4 6.4 9.4 
White rat 24.2 43.7 16.8 15.2 

The nutria and muskrat have a high water content in their intake. 

The guinea pig natural diet may approach that of the mountain beaver 

most closely in this factor. The proportions stated for the caecum 

cannot be maximum capacity for the mountain beaver, however. 

The caecum was found to vary in size markedly among different 

animals and at different times of the year or conditions of stress. 

The secure, well -fed animal retains a large quantity of food in the 

caecum while the disturbed animal, no matter how well -fed, does 

not, a probable concomitant of the general alarm reaction. Therefore 
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caecal volume without this information may rarely reflect a maxi- 

mum or usual capacity. For example, Tullberg (350, p. 235) has 

said that the length of the uncoiled mountain beaver caecum is 28 cm; 

Pilleri (279, p. 15) has said it is 15 cm. Tullberg dissected a male 

collected dead in its habitat after trapping and preserved in ethanol 

with a caecum at almost full capacity; Pilleri dissected an animal 

which had been in captivity for several weeks with a caecum probably 

at 1/5 capacity. The full caecum may furnish nearly 1/3 the weight 

of the animal or more than 200 g with a volume of 400 ml. It 

probably provides more than 50 percent of digestive system volume 

of the digestive system at most times. For this reason Harder (155, 

p. 95) has said, 

Der Blinddarm stellt nach wie vor den in seiner 
Bedeutung unstrittensten Teil des Verdauungsapparates 
der Säugetiere dar. Die Lehrbuchauffassung, dass 
Pflanzenfresser durchweg ein grosses, weiträumiges 
Caecum besitzen, Fleischfresser dagegen ein kleines 
oder gar keines, hält kritischer Betrachtung in keiner 
weise Stand. 

The contents of the digestive system move through it in about 

five days or 120 hours (Table XVII). At normal capacity these rela- 

tions are shown by stomach and caecum: 

stomach caecum 

capacity: 17 g 200 g 

mean time 
to 4/5 
emptying: 4 hrs 84 hrs (mean of 3rd and 4th day) 
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The stomach then passes about 4 g /hr, while the caecum passes about 

2.3 g /hr. The difference can be accounted for by digestion and 

absorption; absorption of short -chain fatty acids (290, p. 16) and of 

water continues in the colon. The rectum passes a mean of about 

0.8 g /hr. 

A valve at the ileocaecal junction can divert small intestine 

contents into the caecum or into the large intestine which opens on 

the side of the caecum opposite the entrance from the small intestine. 

Certain indigestible material, principally trichomes, bypasses the 

caecum and appears in fecal pellets within 20 hours after ingestion. 

Defecation 

Pellet formation in the colon begins at about the halfway point. 

The descending material is pinched off into cylindrical pellets which 

in a mature animal measure approximately 10 x 20 mm. The entire 

lower hind gut from this point becomes when full a string -of -beads 

structure with 20 mm long pellets in single file separated by indenta- 

tions some five to ten mm long. These proceed in two series, one of 

hard pellets, one of soft -- coecotrophes (155, p. 105). Ingles (177, 

p. 411) has described a count from the rectum toward the caecum as 

13 hard, 1 soft, 10 hard, 1 soft. 

The rectum bears longitudinal grooves which can enlarge the 

capacity to several times the unfilled state. The length, about 10 cm, 

- 
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could not accommodate the maximum 60 to 70 pellets eliminated at 

one time unless they were allowed to pile up. Because the pellets 

are slippery they can pass over each other easily. The animal pro- 

duces a maximum of 400 pellets (Animal 56, 9 August 1966) but a 

mean of 40 to 160 during a 24 -hour period when in the field, averaging 

about 0.5 g. The pellet is greenish or brownish black (for reasons 

described previously) and shiny with mucous. Pellet piles develop . 

a wet tarlike residue also noted in other rodent feces (214, p. 264). 

Mountain beaver defecation behavior has been described by 

Ingles and by Kindschy and Larrison (192). Ingles (177, p. 411) has 

said, 

. . . . Unless disturbed, the pattern of activity concerned 
with defecation . . . is always the same. Upon emerging 
from a rest period, an animal proceeds immediately to its 
fecal pile. Here it assumes a squatting position with its 
short tail and partly everted large intestine projecting 
upward between the hind legs. As each of the oblong hard 
pellets is passed, the animal takes the pellet into its mouth 
and tosses it onto the fecal pile. Normally, defecation 
requires from 2 to 5 minutes. 

Refection 

In passing pellets from the anus to the fecal pile with the mouth 

the animal occasionally retrieves a pellet and eats it. Reingested 

material in the mountain beaver has been described by Ingles (ibid.) 

as follows: 

- 
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. . . . Each soft pellet was roughly four times the volume 
of a hard pellet. The hard pellets were dark green or brown; 
the soft pellets were composed of light green, finely 
macerated material. In the stomach of one animal were 
unmistakable clumps of soft pellet material mixed with the 
harsher, dark green stomach contents. 

Reingestion has been noted for a large number of small mammals 

including Sorex (177), Sciurus, Cricetus, and Cavia (155), Lepus 

(208), and others (351). Lechleitner (208, p. 481) in speaking of its 

significance in Lepus has commented, 

The hard pellets are the normal waste product of the digestive 
tract and are the feces one finds in the field. The soft pellets 
are a special product of the caecum, and the rabbit takes 
them directly from the anus and swallows them whole. 

Coprophagy has been said to increase general protein digestibility 

(351, p. 385). 

Examination of caecal, soft pellet, and hard pellet material 

revealed no obvious differences among them in respect to epidermal, 

vascular, and parenchymal tissue distribution. 

Nutritional Requirements of the Animal 

Perhaps little can be said in favor of research on the nutritional 

requirements of an animal which forest biologists wish to exterminate, 

unless the information can be of value in control. This presentation 

will contain only a brief summarization of a few limited sources of 

information on the composition of diet plants. 

Almost nothing is known about the food requirements of the 
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mountain beaver, directly; many conclusions could be reached 

indirectly. The diet must supply adequate energy, adequate nutrients, 

adequate water, and adequate bulk. 

This study has assumed that the basal energy requirement has 

been given by the formula of Brody (29, p. 176). Although this 

probably underestimates the true requirement (29, p. 70; 247, p. 22) 

all evidence indicates that the alder succession vegetation supplies 

adequate energy and nutrients for large populations of mountain 

beaver. 

At present some 45 specific nutrients required by vertebrates 

are known (216, p. 94). Blaxter (34, p. 110) has compiled the fol- 

lowing list of those essential for herbivores (quantities in relation to 

dry matter ingested): 

Calcium ( %) 0.3 Aneurin (mg /100 g) 0.1 

Phosphorus ( %) 0.25 Riboflavin it 0.15 

Copper (mg /100 g) 0.3 Nicotinic acid " 1.0 

Cobalt (mg /100 g) 0.01 Pantothenic acid " 0.5 

Vitamin D (i.u. 100 g) 45 Carotene " 1.0 

The only known proximate analyses for species of plants of 

major importance in the mountain beaver diet have been presented in 

Table XXXX; determinations for calcium and phosphorus have been 

included where available. The analyses show that these elements 

are adequately supplied at this location. The others are rarely 

deficient in plants (34, p. 110) and Crampton (77, p. 551) has said 

. 

.. 



Table XXXX. Proximate and Related Analysis of Plants Found on the Study Site 

Species Season 
Dry 

Matter 
Crude 
Protein 

Crude 
Fat 

Oven Dry Percent 
Crude 
Fiber Ash 

N -free 
Extract Ca P 

1. Polystichum m. 
sun Summer 35.2 8.2 1.8 40.6 5.0 44.4 

2. Polystichum m. 
shade Summer 28.0 10.0 1.8 42.5 5.0 40.7 

3. Pteridium a. 
sun Summer 28.1 14.6 3.2 24.1 6.2 51.9 

4. Pteridium a. 
shade Summer 21.8 14.1 2.4 29.0 7.5 47.0 

5. Pseudotsuga M. Spring 30.0 10.5 5.4 31.6 11.7 43. 3 0. 1 0.40 
Summer -- -- -- 
Fall 29.6 8.5 5.9 26.6 8. 1 5f. 0 0.05 0.40 
Winter 37.4 8.8 6.4 25.8 10.2 48.9 0.08 0.41 

6. Alnus o. Spring 35.2 13.5 9.0 22.4 2.6 53.8 0.7 0.25 

Summer 36.4 16.3 7.1 12.4 3.1 61.1 0.6 0.19 

Fall 50.0 8.6 9.0 25.8 2.0 54.7 0.5 0.20 

Winter 48.2 8.5 9.4 26.9 2.2 53.0 0.5 0.22 

7. Vaccinium p. Spring 32.6 9.4 2.3 36.8 2. 8 50.2 0.8 0. 17 

Summer 30.8 9.7 3.6 26.5 3.8 56.6 0.2 0.18 

Fall 44.2 5.8 1.8 42.2 2.5 47.8 0.1 0.13 

Winter 46.8 5.4 1.6 45.2 2.4 45.4- 0.8 0.15 

8. Herbage Spring 18.1 16.0 4.0 20.6 7.4 52.1 0.4 0.41 

(composite) Summer 33.8 10.1 -- -- -- -- -- -- 
Fall -- -- 
Winter 15.4 18.0 3.4 19.5 6.8 52.3 0.3 0.40 

9. Salix Spring -- 23.5 3.6 14.4 6.5 52.2 1.0 0.47 

Fall 10.7 5.3 19.6 5.1 59.3 1.0 0.19 

1, 2, 3, and 4 supplied on plants collected from the site, by the Forage Analysis Laboratory, Oregon State University, through the courtesy of 

Dr. Paul H. Weswig; 5, 6, 7, and 8 from Crouch (81, p. 106); 9 from Dietz, Udall, and Yeager (92, p. 30). 

-- -- -- 

-- 

__ __ 

-- 
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that vitamins other than A "can be disregarded as influencing the value 

of forage." Dietz, Udall, and Yeager have found that species dif- 

ferences in nutrient content are significant (92, p. 85). Seasonal 

differences indicated in the protein content may suggest a reason for 

heavier use of alder, for example, in the late summer than at other 

times (Figure 9). 

Roughages have been defined as any material over 18 percent 

crude fiber (259, p. iii); all the foods listed therefore classify as 

roughages. Total digestible nutrients have been calculated for many 

North American forage plants using the proximate analysis (259); but 

the TDN determinations have been said to overestimate the nutritive 

value of roughages. Criticism of TDN and proximate analysis infor- 

mation by Hundley (174, p. 89) indicates that 

Present knowledge is insufficient to allow the use of 
proximate analysis as a basis for rating different plant 
species with regard to which provides the most nutritious 
browse. . 

A possible limiting factor for mountain beaver success may be 

availability of protein for growth; the guinea pig requires a 20 per- 

cent protein content for growth (260, p. 11) and this may be why 

mountain beaver growth occurs in the spring, then ceases in the fall. 

Water is adequately supplied by the succulent plants available; 

bulk is assured by the high cellulose content of a diet of mixed species 

and mixed stages of maturity. It has been proposed that succulence 

. . 
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is enhanced (160, p. 78) by high soil nitrogen levels resulting from 

alder succession (202, p. 68). 

The feeding experiments summarized in Tables VI and XIV 

suggest that single tree species like Pseudotsuga, Tsuga, Alnus, and 

Prunus are inadequate as ration. 
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CONCLUSIONS 

Significance of the Diet 

Two features of the mountain beaver diet are rather striking: 

its controlled succulence, and its primitiveness. 

First, it hp been suggested that the animal controls its water 

intake by adjusting the total water content of its food intake to a level 

of perhaps 60 to 70 percent through wilting part of the plant reserves. 

A fairly high water content is . desirable because of the limited urine 

concentrating capacity (276, 277) but too high a content would be 

uneconomical. The distribution limits of the animal can be associated 

with proper rainfall and soil water conditions for both succulent 

mesophyte production and high relative humidity in the burrows, 

related to excretory capacity. 

Second, the high proportion of ferns in the diet corresponds 

favorably with the "primitiveness" of the animal. Here is a primi- 

tive rodent eating a primitive plant diet in an uncontested food niche. 

It has already been noted (in the section on. the Nature of Leaf 

Epidermis and Other Leaf Tissue) that primitive plants have more 

tissue boundaries and hence are more easily masticated and pre- 

sumably digested than others. The primitive consideration extends to 

a practical area, however, in regard to how much vegetation, in 
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terms of number of single plant units, the animal must harvest per 

day to obtain the daily energy requirement. The comparison in 

Table XXXXI has been compiled for the two ferns, Polystichum and 

Pteridium, which contribute 82 percent of the animal's diet. The 

figures show the ideal nature of the fern frond as a maneuverable 

unit, and at least part of the reason for the preference for Pteridium 

with its thicker pinnae. 

The Pteridium frond appears to require less harvesting effort 

and more food per unit surface area with less chewing necessary per 

daily caloric requirement than the Polystichum frond, making it 

preferable to the animal during the available seasons in spite of its 

lower digestibility as previously indicated. 

Problems Associated with the Method 

The major deterrent to widespread use of the microtechnique 

method in food habits research is the large amount of organized work 

required before analysis can begin. Decisions become far -reaching. 

The first problem in any method relates to sampling, spread over a 

large spectrum. Shall one choose stomach or fecal samples? The 

amount of work in prospect does not enable one to choose between the 

SCA or the FPA application. The preparation is identical in either 

case. 

For this study choice between samples lay in other 
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Table XXXXI. Individual Plant Ingestion Data for the Two Fern Species of Major Importance in 

the Diet 

Quantitative description on Species 
a single frond basis Polystichum munitum Pteridium aquilinum 

1. size 

a. total length, ground level to apex 

b. total stipe length 

c. total rachis length 

d. widest point on frond 

150.5 cm 223.5 cm 

55.3 94.0 

95.2 cm 129.5 cm 

22.0 cm 75.0 cm 

e. cm2 laminar surface, one side 800 3750 

2. weight 

a. total wet 

b. pinnae only, wet 
dry 

3. energy provided by pinnae 
(at 4.2 kcal /g dry) 

4. number of fronds required /day by 
700 g adult, total energy requirement 
81.5 kcal (Table XXXII) 

5. number of cm 
2 

to be ingested 

36 g 

15 g 

2.7 (18%) 

11.3 

233 g 

142 g 

25.7 (18%) 

107.9 

7.2 0.76 

to supply energy requirement 5760 2750 

6. number of fronds required /activity 
period (at 6 /day) 

7. number of cm 
2 

to be ingested /activity 

1.2 0.13 

period 960 458 

8. number of chewing movements /activity 
period at 3/cm 2 

2880 1374 
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considerations: first, that stomach samples require sacrifice of the 

animals, and feeding experiments envisioned as useful for the pro- 

duction of "artificial" recognition items needed all the live animals 

available. Also, that 26 pellet collections spread at two -week 

intervals through the year were the objective, plus a lactating 

female and a juvenile series. The actual accomplishment was 12 

collections, not equidistantly spaced, plus the other desired series. 

With stomach samples the representation would have been of 12 

meals; with the fecal pellet samples, the representation was of 60 

days, 360 meals. When only a small number of animals is available 

because of limitations of time on trapping, one sample is much better 

than the other: it is the fecal pellet. 

But other sampling problems were more difficult. Shall one 

examine briefly a.large amount of material, or spend much time on 

a small amount? This problem has provoked Martin and Korschgen 

(228, p. 320) who favor "large" samples to say, "Precise analytical 

data are futile if there are fundamental deficiencies in sampling." 

Eventually because of success in demonstrating restricted within - 

pellet and among- pellet variation, the small- amount sampling was 

considered fairly adequate. 

The greatest problem concerned possibilities that the fragment 

counts did not match intake quantities, and that some species of 

plants did not produce recognition items at all. Although this was 
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partly solved by the feeding experiments, which suggested a narrow 

range of epidermal cohesiveness for most species, there were indi- 

cations that plants like Urtica were misrepresented. This problem 

could not be solved for Phase I. 

Management Implications 

Vegetational succession usually proceeds phylogenetically as 

the sere adjusts to the ecological resources of the substrate. The 

climax forest of the Pacific Northwest apparently retains in or 

incorporates into its soil the rhizomes of pteridophytes, the spores 

of bryophytes and pteridophytes, and the seeds of shade -intolerant 

or conifer -repressed angiosperms all of which may redominate 

recurring stages of succession after the conifer forest is removed. 

The increase in mountain beaver populations following logging 

is caused by current logging practices themselves. Clear- cutting 

followed by slash burning in many Coast Range and similar locations 

introduces a succession that cannot be managed by reseeding or 

replanting. It is not that this is not known, however; other methods 

of logging which would overcome these difficulties are simply too 

expensive. 

Standard rodent control measures such as those described by 

Gabrielson (125) or Scheffer (302) for trapping or poisoning are also 

prohibitively expensive. A recently - developed poisoning application 

- 
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originated by the Weyerhaeuser Company makes use of an organic 

phosphate contact poison (OMPA) with a wetting agent in pressurized 

foam as a carrier. The foam is deposited in enough burrows of a 

system to ensure that animals will move through it and has a long 

(up to six weeks) residual toxicity. 

New countermeasures in the Oregon Coast Range might include 

attacking the unwanted succession dominants by means of the dis- 

covery and introduction of a scale insect and aphid association for 

bracken and sword -fern that would both retard the success of these 

species, and make them unpalatable to the mountain beaver, and by 

the development and application of a sword fern herbicide during the 

winter, when natural defoliation of hardwoods and shrubs has cleared 

the way to make the plants easy targets, to eliminate winter food. 

These should be investigated because in Western Oregon in habitats 

like that of the study site winter food never becomes a limiting factor 

for mountain beaver due to the abundance of sword -fern. Elsewhere 

in the range winter food exigencies cause damage to older Douglas 

fir trees including girdling of trunks to 0.6 m diameter (70, 164, 

317). 

.. 
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APPENDIX I 

Plant List 

Vascular plants of the Bark Creek two- hectare mountain beaver site, Marys Peak, Oregon, in 

Section 9, T12S R7W. 

Systematic by families and species, following Peck (269). 

Number 

247 

Scientific Common Specimen Slide Photograph 

Name Name Number Number Number 

Pteridophyta 
Polypodiaceae 

1. Cystopteris fragilis Bladder fern 474 

(L.) Bernh. 

2. Dryopteris Linnaeana Oak fern 457, P2191, 

C. Chr. 465 2192 

3. Dryopteris oregana Sierra wood -fern 404, P21, 2, 3 1 -1, 3, 5 

C. Chr. 405 

4. Polystichum munitum Western 352 P27 -16 1 -7, 9, 11, 

(Kaulf.) Presl. sword -fern 13, 14 

5. Athyrium Filix- femina Lady -fern 317 P 17, 18, 1 -17, 19, 

(L.) Rothr. 444 219 21 

6. Asplenium viride Huds. Green spleenwort 318 P220, 21 1-23, 
2-3 

7. Struthiopteris Deer -fern 353 P222, 23, 2 -5, 7, 9, 

Spicant (L) 224 11 

8. Pteridium aquilinum Western 354, P225-31 2 -13, 15, 

(L.) Kuhn. var. brake -fern 380, 17, 19 

pubescens Underw. 433 

9. Polypodium vulgare L. 

var. occidentale Hook. 
Licorice fern 

Equisetaceae 

10. Equisetum maximum Lam. Giant 
horsetail 

Spermatophyte 
Gymnospermae 

2 Pinaceae 

319 P 32, 33, 2-20, 22 

234 

355, 
425 



Number 

248 

Scientific Common Specimen Slide Photograph 
Name Name Number Number Number 

11. Pinus ponderosa Dougl. Western 
yellow pine* 

12. Tsuga heterovhvlla Western S235 -38 3-1,3,5 
(Raf.) Sargent hemlock 

13. Pseudotsuga Menziesii Douglas fir S239-43 3-7,9 
(Mirb. ) Franco 

14. Abies procera Rehd. Noble fir 

4 Cupressaceae 

15. Thuja plicata D. Don Giant cedar 356 

16. Chamaecyparis Port Orford 445 
Lawsoniana Parl. cedar* 

Angiospermae 
Monocotyledonae 

12 Gramineae 

Festuce ae 

17. Bromus carinatus California 320 S12153' 10-3,4 
H. & A. brome -grass 12154 

18. Festuca megalura Western six- 446 
Nutt. weeks fescue 

19. Festuca subulata Nodding 321 

Trin. fescue 

20. Glyceria pauciflora Few -flowered 447 512151, 10-1,2 
Presi, manna -grass 152 

21. Poa pratensis L. Kentucky bluegrass 322 

22. Dactylis glomerata L. Orchard -grass 323 51246, 47 3-15,17 

Hordeae 

23. Elymus glaucus Buckl. Western rye grass 324 S1248, 49 3 -19, 21 

24. Lolium perenne L. English rye -grass 416 

Aveneae 

25. Trisetum cernuum Nodding 448 

Trin. trisetum 

26. Deschampsia elongata Slender 389, 

(Hook.) Munro ex Benth. hair -grass 406 

27. Aira praecox L. Little hair -grass 449 

* 
Introduced as plantation stock following logging 
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Scientific Common Specimen 
Number Name Name Number 

Slide 
Number 

Photograph 
Number 

28. Aira caryophyllea L. Silvery hair -grass 434 

29. Holcus lanatus L. Velvet grass 325, S1244, 45 3 -11, 13 

400 

Agrostideae 

30. Calamagrostia canadensis Blue -joint 435 

(Michx. ) Beauv. var. 
robusta Vas. 

31. Agrostis diegoensis Vas. Leafy bent -grass 461 

32. Agrostis exarata Trin. Western bent -grass 401, 
436 

33. Agrostis oregonensis Vas. Oregon bent -grass 402 

Phalarideae 

34. Hierochloe occidentalis Buckl. Western vanilla grass 326 

13 Cyperaceae 

35. Carex arcta Boott. Northern clustered 437 

sedge 

36. Carex Bolanderi Oln. Bolander's sedge 327 

37. Carex Hendersonii Bail. Henderson's sedge 450 

38. Carex amplifolia Boott. Ample- leaved sedge 381 

14 Araceae 

39. Lysichitum americanum Yellow skunk- cabbage 357, 514155, 10-5,6 
Hult. & St. John 390 156 

17 uncaceae 

40. Juncus effusus L. var. Common rush 464 

pacificus Fern. & Wieg. 

41. Juncus patens E. Mey. Spreading rush 382 

18 Liliaceae 

42. Trillium ovatum Pursh Western trillium 427 

43. Smilacina sessilifolia Few -flowered false 407 

(J. G. Bak. ) Nutt. Solomon's seal 

44. Maianthemum bifolium DC. var. False lily -of -the- 442, 

kamtschaticum (Gmel. ) Jeps. valley 463 

45. Disporum Smit ii Large -flowered 451 

(Hook.) Piper fairy bells 
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Scientific 
Number Name 

Common 
Name 

Specimen 
Number 

Slide 
Number 

Photograph 
Number 

46. Disporum Hookeri (Torr.) Hooker's fairy 383 51851, 4 -0, 1 

Britt. var. trachyandrum bells 52 

(Torr.) Q. Jones 

19 Iridaceae 

47. Iris tenax Dougl. Oregon iris 328 

Jicotyledonae 

21 Salicaceae 

48. Salix lasiandra Benth. Red willow 398, 
438 

49. Salix sitchensis Sans. Sitka willow 417 

23 Betulaceae 

50. Alnus oregona Nutt. Red alder 358, S 53- 4 -2, 3, 4 

391 2358 5, 6 

24 F agace ae 

51. Castanopsis chrysophylla Chinquapin 452 

(Dougl.) A. DC. 

26 Urticaceae 

52. Urtica gracilis Ait. Northwest 439 S 157, 10 -7, 8 

nettle 26158 

29 Aristolochiaceae 

53. Asarum caudatum Lindl. Western wild 456 S 193 

ginger 29194 
195 

30 Polygonaceae 

54. Rumex Acetosella L. Red sorrel 386, 
408 

55. Polygonum aviculare L. Common knotweed 392 

36 Portulacaceae 

56. Montia sibirica (L. ) How. Western spring 329 S 59 4 -7, 8, 9 

beauty 3663 10, 11 

37 Caryophyllaceae 

57. Spergularia rubra (L. ) Sand spurry 453 

J. & C. Presi. 

58. Arenaria macrophylla Large- leaved 359 S 161, 10 -11, 12 

Hook. sandwort 37162 
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Scientific 
Number Name 

Common Specimen 
Name Number 

Slide 
Number 

Photograph 
Number 

59. Stellaria crispa Crisped 409 S 163, 10 -13, 14 

C. & S. starwort 37164 

60. Stellaria media (L. ) Cyr. Common chickweed 419 

40 Ranunculaceae 

61. Ranunculus uncinatus D. Don Little buttercup 469 

62. Ranunculus orthorhynchus Western swamp 
buttercup 

471 

Hook. 

63. Thalictrum occidentale Gray Western meadow -rue 468 

64. Anemone deltoidea Hook. Western white anemone 458 

65. Actaea arguta Nutt. Western baneberry 467 

41 Berberidaceae 

66. Berberis nervosa Pursh Long- leaved 378 S4166, 4 -14, 15, 

Oregon grape 4167, 16,17 
68 

67. Vancouveria hexandra Inside -out 360, 

(Hook.) Morr. & Dcne. flower 470 

68. Achlys triphylla Vanilla leaf 462 

(J. E. Sm.) DC. 

44 Fumariaceae 

69. Dicentra formosa Western 428 S 69, 4-18,19, 

(Andr. ) Walp. bleeding -heart X70 20 

45 Cruciferae 

70. Dentaria tenella Pursh Slender dentaria 424 

50 Saxifragaceae 

71. Tiarella trifoliata L. Three -leaved coolwort 397 

72. Tellima grandiflora Large fringe -cup 361 

(Pursh) Dougl. 

73. Tolmiea Menziesii Youth -on -age 379 S 169, 10 -17, 18 

(Pursh) T. & G. 50170 

74. Chrysosplenium Western golden 362 S 171, 10 -19, 20 

glechomaefolium Nutt. saxifrage 50172 

52 Ribesaceae 

75. Ribes sanguineum Pursh Red -flowering currant 363 

76. Ribes bracteosum Dougl. Stink currant 418 S 175, 10-21,22 
52176 
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Scientific 

Number Name 
Common Specimen 

Name Number 
Slide 

Number 
Photograph 

Number 

53 Rosaceae 

77. Holodiscus discolor Ocean -spray 364 S 71- 5 -1, 2, 3 

( Pursh) Maxim. 5377 4, 5, 6, 

7, 8 

78 Fragaria bracteata Hel. Western wood 384, S 78, 5 -9, 10 

strawberry 429 5379, 
80 

79. Geum macrophyllum Willd. Large- leaved avens 330 

80. Rosa gymnocarpa Nutt. Little wild rose 331 

81. Rubus spectabilis Pursh Salmon berry 332 S5381- 5 -11, 12, 

85 13, 14, 

15 

82. Rubus parviflorus Nutt. Thimble berry 333, S5386- 5-16,17, 
334 5392 18, 19, 

20, 21, 
22 

83. Rubus vitifolius C. & S. Western dewberry 335 S5393 6-0, 1, 2 

97 

84. Rubus laciniatus Willd. Evergreen blackberry 423 

85. Prunus emarginata (Dougl.) Bitter cherry 365 S 98, 6 -3, 4 

W alp. 
5399 

54 Le guminosae 

86. Lupines rivularis Dougl. Riverbank lupine 343 

87. Trifolium repens L. White clover 344 S 101, 6 -5, 6 
54102 

88. Trifolium dubium Sibth. Least hop clover 366 

89. Lotus aborigines Jeps. Thicket lotus 336 S 103, 7-7,8 541 

90. Lotus micranthus Benth. Small- flowered lotus 443 

91. Vicia sativa L. Common vetch 345 

56 Oxalidaceae 

92. Oxalis oregana Nutt. Oregon oxalis 367, S56105 6 -9, 10 

422 

93. Oxalis trilliifolia Hook. Great oxalis 410 

65 Aceraceae 

94. Acer macrophyllum Pursh Oregon maple 459 

95. Acer circinatum Pursh Vine maple 346 S 107, 6 -11, 12 
65108, 

13, 14 

109 

102 
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Scientific 
Number Name 

Common Specimen 
Name Number 

Slide 
Number 

Photograph 
Number 

71 Hypericaceae 

96. Hypericum perforatum L. Common St. 387 S 110, 6-15,16 
John's -wort 71111 

73 Violaceae 

97. Viola glabella Nutt. Smooth woodland 337, S 112, 6 -17, 18, 

violet 432 73113, 19,20 
114 

78 Onagraceae 

98. Epilobium adenocaulon Haussk., Common western 
willow -herb 

411 

99. Epilobium paniculatum Nutt. Tall annual willow -herb 377 

100. Circaea pacifica Asch. & Mag. Western enchanter's 
nightshade 

454 

80 Araliaceae 

101. Oplopanax horridum Devil's club 399 

(J. E. Sm.) Mig. 

81 Umbelliferae 

102. Osmorhiza chilensis (Hook. ) Am. Western sweet cicely 432 

103. Oenanthe sarmentosa Presl. Water parsley 393 S 177, 11 -1, 2, 
81178 

3 

84 Eric ace ae 

104. Gaultheria Shallon Pursh Salal 338 S 115, 6-21, 
84116 7-0,1 

105. Vaccinium parvifolium J. E. Sm. Red huckleberry 347 584117 7-2,3 

86 Primulaceae 

106. Trientalis latifolia Hook. Broad- leaved star- 368 S 118, 7 -4, 5 

flower 
86 119 

92 Polemoniaceae 

107. Navarretia intertexta Needle -leaved 
navarretia 

394 

(Benth. ) Hook. 

93 Hydrophyllaceae 

108. Nemophila pedunculata Dougl. Spreading nemophila 430 

109. Nemophila parviflora Dougl. Small- flowered 339 S 179, 11-4,5, 
nemophila 93180 

94 Boraginaceae 

110. Cynoglossum ,grande Dougl. Great hound's tongue 476 
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Scientific 
Number Name 

Common Specimen 
Name Number 

Slide 
Number 

Photograph 
Number 

96 Labiatae 

111. Prunella vulgaris L. Heal -all 348 

112. Mentha arvensis L. Field mint 369, S 181, 11-7,8, 
440 56182, 9,10 

183 
98 Scrophulariaceae 

113. Mimulus dentatus Nutt. Coast monkey- 340 598184' 11 -11, 12 

flower 98185 

114. Digitalis purpurea L. Foxglove 370 S98120' 7 -6, 7, 
58186, 

11 -13, 
187 14 

115. Veronica americana (Raf.) American speedwell 341 S 196, 

Schw. 98197, 
198 

116. Veronka serpylltfoltj. L. Thyme -leaved 
speedwell 

349 

117. Synthyris reniformis (Dougl. ) Round- leaved 
synthyris 

472 

Be nth. 

101 Plantaginaceae 

118. Plantago major L. Common plantain 412 

119. Plantago lanceolata L. English plantain 350 

102 Rubiaceae 

120. Galium triflorum Michx. Fragrant bedstraw 466 S 121, 7-8,9, 
102122, 

10 

123 

121. Galium Aparine L. Cleavers 342 

103 Caprifoliaceae 

122. Sambucus glauca Nutt. Blue elderberry 403 5103124 7 -11 

123. Sambucus callicarpa Greene Red elderberry 371 S103125, 7 -12,13 
103126, 

14 

127 

124. Linnaea borealis L. var. American twinflower 372 S 128, 7 -15, 16, 

americana (Forbes) Rehd. 
103129, 

17, 18 

130 

106 Cucurbitaceae 

125. Marahoreganus (T. & G. ) Oregon wild cucumber 373 

107 Campanulaceae 

126. Campanula Scouleri Hook. Scouler's campanula 374 

. 

- 

103 
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Number 
Scientific 
Name 

Common 
Name 

Specimen 
Number 

Slide 
Number 

Photograph 
Number 

109 Compositae 

Inule ae 

127. Psilocarphus elatior Gray Taller woolly -heads 395 

128. Anaphalis margaritacea Pearly everlasting 375 131, 7 -19, 20, 

(L.)B. &H. 
09132 

21 

129. Adenocaulon bicolor Hook. Adenocaulon 455 

Anthemide ae 

130. Achillea lanulosa Nutt. Western yarrow 475 

131. Matricaria matricarioides Pineapple -weed 396 

(Less.) Porter 

132. Chrysanthemum Leucanthemum Ox -eyed daisy 441 

L. 

Senecioneae 

133. Senecio sylvaticus L. Wood groundsel 385 S 188, 11-15,16, 
109189, 

17 

190 

Cynareae 

134. Arctium minus (Hill) Bernh. Common burdock 473 

135. Cirsium vulgare (Savi) Common thistle 413 

Airy -Shaw 

136. Cirsium brevistylum Cron. Indian thistle 414 

C ichore ae 

137. Sonchus asper (L.) Hill Prickly sow -thistle 420 

138. Taraxacum officinale Weber Dandelion 431 

139. Agoseris grandiflora (Nutt.) Large- flowered 
agoseris 

421 

Greene 

140. Hieracium albiflorum Hook. White -flowered 
hawkweed 

460 

141. Crepis capillaris (L. ) Walk. Smooth hawksbeard 41S 

S 

9, 



Figure 1. Alder- dominated regeneration 
common in cutover Oregon Coast Range 
situations as seen along Mulkey Creek north 
of Marys Peak. Study site out of view at 
middle extreme right. View directly south. 

Figure 3. View of dense vegetation under 
alders seen on study site in summer. Herb 
layer includes Sierra wood -fern, western 
sword -fern, lady -fern, and western brake - 
fern. 

Figure 5. Forest floor cover dominated 
by Oxalis oregana, almost ubiquitous on 
the study site. 

Legend for Plate I. 

Figure 2. Access road paralleling Mulkey Creek. 
Study site on left with Reference Point tree 
showing as largest tree in middle left. View 
almost directly south. 

Figure 4. View of evergreen sword -fern 
clumps under alder canopy on study site. 

Figure 6. An outside food cache found on the 
south end of the study site 18 July 1966. 

Species represented in approximate location 
as follows: 

Sambucus callicarpa Tolmiea Menziesii 
Asplenium viride Viola glabella 

Sambucus callicarpa Polystichum munitum 

Ribes bracteosum 
Oxalis oregana Athyrium Filix-femiva 

Chrysosplenium Rlechomaefolium 
Sambucus callicarpa 

Oenanthe sarmentosa Mimulus dentatus 
Holcus lanatus 
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Legend for Plate II. 

Figure 1. Half -buried Douglas fir seedling planted 
30 cm to right of marking stake due to fresh bur- 
rowing activity in east side seedling area on study 
site. 

Figure 3. The author monitoring radio signals 
from collar transmitter attached to Animal 63 

which was underground in nest chamber. Fence 
in background erected to keep animal inside 
prescribed area. 

Figure 5. Earth balls from Excavation 1. 

Well -worn "mountain beaver baseballs" at 
lower left. 

Figure 2. Refuse pile containing uneaten 
material ejected from feeding chamber as 

found on study site. 

Figure 4. Excavation 1 on study site. 
Nest chamber after removal of contents in 

lower center, feeding chamber at right, 
pellet chambers at lower left. View directly 
north. Top of meter stick is below soil 
surface level. 

Figure 6. Digestive system of pacifica 
animal, esophagus at lower left, rectum 
at upper right. Scale in cm. 
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Legend for Plate III. 

Figure 1. Pellets of one defecation of mature 
male. 

Figure 3. Polystichum munitum, abaxial 
epidermis, 430X. Stomata appear on this 
side only. 

Figure 2. Polystichum munitum, adaxial 
epidermis, 430X. The most abundant 
recognition item material encountered. 

Figure 4. Polystichum munitum, 
sporangia containing spores, 430X. This 
material was abundant in fecal pellets at 
most times. 

Figure 5. Pseudotsuga Menziesii adaxial Figure 6. Pseudotsuga Menziesii, abaxial 
epidermis, 430X. epidermis, 430X. 
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Legend for Plate N 

Figure 1. Tsuga heterophylla, abaxial epidermis, Figure 2. Elymus glaucus, abaxial epidermis, 

430X. 430X. 

Figure 3. Alnus oregona, adaxial epidermis, Figure 4. Berberis nervosa, adaxial epidermis, 

430X. 430X. 

Figure 5. Holodiscus discolor, vesture Figure 6. Linnaea borealis, adaxial 

characteristics, 430X. epidermis, 430X. 
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