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Preface

This monograph is the scientific report of a study which was carried
out, in the main, in Sequoia and Kings Canyon National Parks between
1964 and 1975. Our prime concern was to examine the role of fire in the
reproduction of the giant sequoia. We present detailed results on some
of the ecological relationships of this species and offer them for the better
management and interpretation of this majestic tree.

Our interest in this species began between 1956 and 1962 with Dr.
Richard J. Hartesveldt’s doctoral studies on the effects of human impact
on the tree and its environment in the Mariposa Grove of Yosemite
National Park. He shifted his impact studies to Sequoia—Kings Canyon
National Parks in 1962, where he was initially supported by the Sequoia
Natural History Association. During 1963 and 1964 he and his office
partner at San Jose State University, Dr. H. Thomas Harvey, discussed
the many facets of giant sequoia ecology and together formulated the
general outline and goals of the present study. They concentrated on the
response of vegetation to fire and, especially, the survival of giant sequoia
seedlings. Dr. Howard S. Shellhammer joined Hartesveldt and Harvey
in August 1964 to study vertebrates and their impact on the tree. The
project received its initial funding, and the first field work was carried out
in the summer of 1964. In 1966, when Dr. Ronald E. Stecker joined the
research team, the scope of the study was broadened to include the po-
tential interactions of arthropods. Dr. Stecker’s earliest work was made
possible by the Skelton Foundation and then, like the rest of the group,
he was supported by research contracts with the National Park Service.
The bulk of the field research was carried out in the summers of 1965 to
1970, plus that of 1974. The untimely death of Dr. Hartesveldt in 1975
shifted the administrative leadership of the study and the coordination of
the monograph preparation to Dr. Harvey.

Before he died. Dr. Hartesveldt coordinated the writing of The Giant
Sequoias of the Sierra Nevada which was submitted to the National
Park Service in 1971 and published in 1975. This semi-popular publication
combined many of the general results of our study with the giant sequoia
lore known to Dr. Hartesveldt. Many technical reports were also gen-
erated during the period of the study. These progress and interim reports,
the largest of which are those of 1965, 1967 and 1970, are on file in the

XVvii



Western Regional Office of the National Park Service in San Francisco
and at Sequoia and Kings Canyon National Parks. Several (5) technical
papers were generated by this study and are cited in the references of this
monograph.

This monograph contains a comprehensive synthesis and evaluation of
the scientific data from all the phases of this project plus some of Dr.
Hartesveldt’s 1962-64 work on environmental impact. It is the first effort
to delineate, identify and evaluate the roles of fire and reproduction in
the survival and perpetuation of the giant sequoia. It reports on the first
prescribed management burns carried out in a national park in the West.
The study was designed to examine many of the ecological relationships
involved in the perpetuation of this species. We hope that it will provide
park managers with an understanding of the ecology of the giant sequoias
sufficient to furnish them with a scientific basis for making realistic re-
source management decisions. Itis also designed to aid the park naturalists
in their interpretation of the ecology of the giant sequoia for park visitors.

This study was not designed to study all aspects of the ecology and
biology of the giant sequoia. We concentrated on fire and reproduction,
while other investigators have studied fungal relationships, carpenter ants,
community stability, and the giant sequoia’s place in the forest mosaic,
to name a few. We have referred to and briefly discussed most of these
studies in the text of this monograph and refer the reader to various
professional papers for more detailed information. Most of these studies
have not been published but are expected to be available soon.

We have organized the monograph into ten separate chapters in a se-
quence of general introduction and methods, plant relationships, arthropod
relationships. vertebrate relationships. and. finally, the summary and man-
agement implications. Little was really known about giant sequoia ecology
before this study, so we set out to identify the principal organisms and
relationships and then concentrated our studies on these. This is best seen
in the arthropod and vertebrate chapters where, in each case, a first section
of two is devoted to those organisms associated with some stage of the
life history of the tree. In the case of the chapter on vertebrates it serves
to illustrate how free the giant sequoia is of vertebrate damage and in-
teractions. A second section follows describing the nature and effect of
the interaction between insect or mammal and the tree, particularly as it
involves seed production and use, or seedling survival. The overall goals
of the study are presented in Chapter 2, while Chapters 3 through 9
consider special facets of the study which are then discussed in greater
detail. The closing chapter deals with the management and interpretation
implications of the study.

Although our studies have clarified certain ecological relationships be-
tween the giant sequoia and its environment, many intriguing questions
still remain.
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Abstract

This study of giant sequoia ecology concentrated on the role of fire as
it affected succession and sequoia seedling survival in the mixed-conifer
forest of the Sierra Nevada of California. In addition, special consideration
was given to the interaction of animals with giant sequoia reproduction,
particularly as they affected cones, seeds and young seedlings.

The removal of the litter and duftlayers, by fire or manipulation, from the
forest floor facilitated the establishment of annual herbs, shrubs and giant
sequoia seedlings. Those seedlings growing in soil which had experienced
the hottest fires survived at a higher rate than those on other soils. The
former seedlings also grew at a faster rate than those on other substrates,
reaching a height of over a meter in eight years.

Vertebrate animals were not greatly affected by the fire manipulations
and their numbers fluctuated in response to environmental factors other
than fire. Most of the vertebrates present in the giant sequoia groves that
were studied had little to no effect on sequoia reproduction, with the
exception of one species. The Douglas squirrel plays an intimate role in
reproduction by feeding on giant sequoia cone scales and thus aiding in
seed dispersal. No vertebrates selected fallen sequoia seeds as a preferred
food.

Arthropods associated with the giant sequoia were found to number over
150 species. A few fed on the young seedlings and many were associated
with the foliage, bark and wood of mature trees. Cone inhabitants were also
few in number, with one beetle playing a significant role in the release of
seeds from the cones. The beetle, Phvmatodes nitidus, mined the main axis
of cones causing drying of normally serotinous cones, thus causing them to
drop their seeds.

The giant sequoia appears to have a fauna which have evolved a
partitioning of the cone substrate. The Douglas squirrel uses the relatively
young cones for food while the beetle uses the older cones.

The implications for management of the giant sequoia are that prescribed
fires should be employed judiciously and that hot localized fires are best for
seedling development. The ultimate objective should be to allow-natural
forces to range free throughout the groves, thus enabling the giant sequoia
ecosystem to be perpetuated much as it was in millennia preceding man’s
intrusion on the scene.

xxi
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Introduction
Howard S. Shellhammer

Giant sequoias [Sequoiadendron giganteum (Lindl.) Buchholz| are
among the most magnificent living things on earth. They are gigantic in
size, beautiful to behold, awe inspiring, and have had a long evolutionary
history. Once discovered by western man, the giant sequoias were quickly
threatened by the lumberjack’s saw and axe. Protection came only under
the auspices of federal, state and local governments. This protection,
however, has been so complete as to preclude the very natural forces
which are required for the perpetuation of the species. The absence of
fire from the sequoia groves, for example, has created a condition where
the subtle, vet relentless, process of ecological succession and the violent
force of potential crown fires again threaten the species. Enlightened
management is called for to insure their continued existence.

Giant sequoias have a disjunct natural distribution. They are restricted
to a series of relatively distinct groves which extend some 420 kilometers
(260 miles) along the west side of the Sierra Nevada (Fig. 1). Rundel
(1972b) listed seventy-five community units or groves, but there is con-
siderable controversy over what constitutes a grove (Hartesveldt et al.
1975). Giant sequoia groves are mainly restricted to elevations between
1525 and 2290 meters (5,000 to 7,500 feet) but may be found growing
naturally as low as 1,220 meters (2,700 feet) or as high as 2.713 meters
(8,900 feet). Most of the groves are located in the southern third of their
geographical range and in or near Sequoia and Kings Canyon National
Parks (Fig. 2). While the groves vary from less than 1 to 1,619 hectares
(1 to 4,000 acres) in extent, nowhere does the giant sequoia exist as an
extensive pure stand. They are associated with those trees which Munz
and Keck (1959) have described as comprising the yellow pine forest
community: white fir (Abies concolor), sugar pine (Pinus lambertiana).,
Ponderosa pine (Pinus ponderosa), incense cedar (Calocedrus decurrens),
black oak (Quercus kelloggii). and often Douglas fir (Pseudotsuga men-
ziesii), red fir (Abies magnifica) and/or Jeffrey pine (Pinus jeffreyi). The
particular combination and frequency of these trees in a given grove
depends on elevation, latitude, exposure, soil moisture, and the length of
time it has been afforded protection from lumbering and fire. Rundel (1969)
has pointed out that there is no other species of higher plant found only
in association with giant sequoias. Hence. even though giant sequoias are
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clearly dominant in the mixed coniferous forests in which they occur,
they cannot be considered to constitute a distinct plant community in
themselves, for as Dice (1952) has suggested, a plant community should
have at least two species in common.

Giant sequoias were more widely spread and probably occurred in
continuous forests in the past. The earliest close relatives of the present
species, Sequoia reichenbachi and S. couttsiae, were distributed through-
out Greenland, Alaska, Canada, and England during Cretaceous and Ter-
tiary times (Chaney 1951). Fossil sequoias considered to be directly an-
cestral to the present giant sequoia are found in Miocene deposits in Idaho
(Axelrod 1959, 1964). A more recent direct ancestor, Sequoiadendron
chaneyi, has been described by Axelrod (1962) from a Pleistocene forest in
western Nevada. Giant sequoias moved southwestwardly during the late
Tertiary as they vanished from the rest of their former range: S. chaneyi
disappearing from Europe as late as the Peistocene (Martin 1957). Axelrod
(1964) has proposed that the southwesterly migration from Idaho to Cal-
ifornia was induced by the changes in climate accompanying the gradual
rise of the Sierra Nevada. Winter temperatures became more severe in
the north, and summer precipitation decreased in the east during the time
of migration (Wilson 1928). Hartesveldt et al. (1975) postulated that the
giant sequoias crossed the Sierra Nevada in several places and became

v F&
Fig. 2. A portion of the Giant Forest Grove in the Crescent Meadow area of Sequoia
National Park.
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established on the western slope long before the mountains attained their
present height.

Numerous hypotheses have been offered to explain the present, narrow,
disjunct distribution of giant sequoias. Muir (1876), Stark (1968a, 1968b),
Wulff, Lyons and Dudley (1911), and Shinn (1889) all suggested that giant
sequoias have a narrow range of tolerance to climatic factors. Most of
these authors, especially Muir, envisioned glaciers and cold air drainage
as possible factors in disrupting the postulated continuous distributional
pattern. Winter cold has often been mentioned, but is poorly understood
as a potential factor in limiting growth (Hartesveldt et al. 1975). Soil
apparently plays a minor role as a controlling factor, in as much as the
parent rock material varies considerably between groves. Giant sequoias
have grown vigorously when planted in diverse soils throughout the world
(Hartesveldt et al. 1975). Rundel (1969, 1971, 1972a) proposed that the
present boundaries of the groves are controlled by an interaction of soil
moisture, temperature and the ecological tolerance of the seedling stage.
We adhere to this view, as do most students of giant sequoia ecology at
the present time.

Giant sequoias were first discovered by western man in 1833 and again
in 1852, when their *‘discovery’’ was more widely publicized (Hartesveldt
et al. 1975). Lumbering began during 1852, and whole groves were being
cut down by 1856. The first efforts to preserve some of the groves began
soon after their second discovery in 1852. The Mariposa Grove, which
is now part of Yosemite National Park, was deeded to the State of Cal-
ifornia by the federal government in 1864 to be administered as a state
park. Additional groves were protected with the establishment of Yosem-
ite, Sequoia and General Grant National Parks in 1890. Other groves
were given protection by federal, state and private actions between 1890
and 1940. The last remaining large tract of unprotected sequoia land was
added in 1940. In that year the Redwood Mountain Grove, measuring
1,506 hectares (3,720 acres), was incorporated into the newly created
Kings Canyon National Park. At present more than 92% of all sequoia
grove acreage is under public ownership.

Lumbering continued sporadically until the mid-1950s, by which time
approximately 34% of the original total acreage had been cut. Current
policies of the various governmental agencies prohibit lumbering of giant
sequoias on public lands, and little lumbering of this species is conducted
on the remaining private lands. Since fire suppression also has been a
general policy of the controlling agencies, most groves have been rigidly
protected from fire. Although they have received a full measure of pro-
tection, the trees have been the subject of but a few research investigations.
The recognition of the need for more sound information regarding these
trees and their requirements for survival provided the basis for the current
study. Findings of these investigations are reported in this publication.






