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FOREWORD 

Muir Inlet in Glacier Bay National Monument, southeastern Alaska 
(Frontispiece) offers an unparalleled opportunity for studies of soil 
development and repopulation by plants and animals in a recently deglaci-
ated area. Historical records of ice positions of the Muir Glacier date 
from 179^5 a n a the receding ice fronts have been accurately mapped fre
quently since 1892. Of particular note are the repeated visits by W. 0. 
Field since 1926, resulting in maps of ice cliff positions in tidewater, 
and in approximations of the dwindling ice thickness. Glacier Bay is 
unique because nowhere else in the world are there glaciers retreating 
with such rapidity that have been so Well studied and for which the rate 
of retreat and positions for given dates are so accurately known. Al
though most of this retreat has been in sea water, sizable tracts of land 
which were freed from ice within a short span of time have well-defined 
habitat types representing successional stages, from the barren ice front 
to mature forest. Thus, the area offers outstanding opportunities for 
dating an ecological succession, and for correlating this succession with 
known vegetative and soil types. W. S. Cooper, in 19235 began pioneer 
studies along these lines with his descriptions of forest successions; he 
also established stations and plats, a work continued in later years by 
D. B. Lawrence. 

Since 1959} through several National Science Foundation grants, mem
bers of the Institute of Polar Studies under the direction of Dr. Richard 
P. Goldthwait, have been systematically studying the glacial geology of 
Muir Inlet and adjacent areas, so that the glacial and post-glacial 
history is very well known. During the summer of 1962, as a by-product 
of a study of glacial geomorphology, preliminary ecological observations 
were made on the habitat, species, and general successional stages of the 
plants and animals in the central part of the area. Although the obser
vations were very general only, there appeared to be a clear indication 
of an ecological development in the deglaciated 'area in terms of re-
population. As a result, a long-term study was proposed to examine in 
detail the re-establishment of soils, plants, and animals, and their 
temporal relationships to the glacial history. 

The first year of the intended long-term study began with the 
summer 1965 field season. The Institute party, consisting of specialists, 
made a detailed study of the development of soils and the successional 
. e-entry of plants, insects, birds, and mammals. Also, some peripheral 
observations' were made of freshwater fish, and some weather records were 
available from other Institute projects in the area. Finally, additional 
data were collected on details of the glacial geology, especially in the 
southern part of the Muir Inlet area. 

The Institute's field parties have been based at several tent camps 
in the Muir Inlet area. Camp 1 was located on the shore about 50 meters 
west of Muir Cabin. Camp 2, set up on an outwash delta on the coast just 
north of Klotz Hills, and Camp 3 at the northeast corner of Nunatak Cove, 
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are also the sites of meteorological stations now designated respectively 
as Delta and Nunatak Cove. 

The field party consisted of the following personnel, who had the 
indicated responsibilities: 

Dr. Richard P. Goldthwait: party leader and glacial history 
Dr. Henry F. Decker: plants 
Dr. Dwight M. DeLong: insects 
Dr. E. Eugene Good: mammals 
Dr. Milton B. Trautman: birds 
Dr. Fiorenzo C. Ugolini: soils 
Mr. Roger K. Burnard: field assistant 
Mr. Donald Frickie: field assistant 
Mr. Thomas Goldthwait: field assistant 
Mr. Theodore R. Merrell III: field assistant 

Mr. Merrell also made a few observations on freshwater fish, which are 
included as a short section at the end of the report. 

Other persons connected with the project include Mr. Frank Preston, 
who spent about a week at the field camp, Dr. Fritz Loewe, who compiled 
and evaluated the available meteorological data pertaining to the pro
ject, and Dr. Emanuel D. Rudolph, who analyzed the ecological data. 

This report contains the results of the 19o5 field season. It is 
noteworthy that a definite successional development can be documented 
for each aspect studied. Moreover, differences in climate are insigni
ficant over the deglaciated area, and the ecologic development is 
clearly related to length of time since deglaciation. 

The participants are grateful to the National Science Foundation, 
which supported the study through grant GB-336^ to The Ohio State 
University Research Foundation. The field work was concluded success
fully, once again in large part because of the generous logistical 
support of the U. S. National Park Service, particularly in transporta
tion of men and supplies to and from the field, and in communications. 
Special thanks are due to Mr. L. J. Mitchell, then Superintendent of 
Glacier Bay and Sitka National Monuments, Mr. Ted Sullivan, Mr. Charles 
Janda, and Mr. Kenneth Youmans, all on the Park Service staff at Bartlett 
Cove, and Captain James Saunders and the crew of the Park Service motor 
vessel "Nunatak." Messrs. Roger K. Burnard, Donald Frickie, Thomas 
Goldthwait, and Theodore R. Merrell III, were able field assistants, who 
worked long hours without complaint and with sustained enthusiasm. 

Finally, Dr. Richard P. Goldthwait, Dr. Colin Bull, Dr. Emanuel D. 
Rudolph, and Mr. Henry Brecher, all on the Institute's staff, helped in 
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reviewing the individual reports. Particular thanks are due to Mr. 
Henry Brecher, who aided greatly in the general editing of this volume. 

Arthur Mirsky 
Assistant Director 
Institute of Polar Studies 
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ABSTRACTS 

OF 

SOIL DEVELOPMENT AND ECOLOGICAL SUCCESSION IN 
A DEGLACIATED AREA OF MUIR INLET, SOUTHEAST ALASKA 

Part 1. Glacial History by R. P. Goldthwait 

The origin of the materials on which soils and ecosystems have de
veloped in the 25-kilometer-long triangular lowland of Muir Inlet north of 
Mts. Wright and Case involves the last two glacial invasions and pro-glacial 
waters since 8,500 B. C. The lowest unit, which is rarely seen, consists 
of gray marine clay full of shells more than 10,000 years old; this is 
the Forest Creek clay. It represents a mid-Wisconsin (or pre-Wisconsin?) 
sea at least 65 meters (200 feet) above the present bay. At 11 localities, 
the lower of two tills lies on bedrock, or on these marine clays; it is 
a compact sandy loam, stained yellow to orange near its surface, and 
bracketed by stumps and logs which date from 8,000 to 5,100 B. C. For 
more than 2,300 years of Hypsithermal time retracted glaciers filled all 
the side valleys with outwash (Van Horn gravels) at 1 to 2 meters per 
century and the forests these gravels buried were just like climax forests 
today. Apparently, northwestern Glacier Bay (to Reid Inlet) had ice, and 
no forests. The early Neoglacial advance by 2,800 to 2,200 B. C. came 
from this west side and blocked the Muir Inlet area, for widespread rhyth-
mite clays cover the gravel and bedrock even up to 270 meters (900 feet). 
The lake lasted 2,000 years until deposition of upper Van Horn gravels, 
dipping gray outwash layers, killed trees between koo B. C. and 300 A. D. 
Neoglacial (Glacier Bay) till covers everything. The first stumps anni
hilated by this fee were on higher slopes to the northwest (800 B.C.), then 
to the north (100 B. C.) and finally to the south (500 A. D.). At 
the climax of this Little Ice Age it covered mountains like Red Mt., 1250 
meters (h,100 feet), and lay at 800 meters (2,600 feet) against the 
slopes of Mt. Wright, with a terminal moraine along Bartlett Cove about 
1700 A. D. 

From this slowly gained advance position there has been phenomenal 
retreat. Ice thinned near the edge at rates generally from 3 "to 12 
meters per year. The sea ice cliff probably calved back to Beartrack 
Cove by 1780 A. D., to Sandy Cove by 1830 A. D. and up Muir Inlet to its 
first mapped positions west of Mt. Wright in the l880's and 1890's. In 
broader stretches, recession of 300 to 600 meters per year took place, 
well charted after 1892; in narrow parts of Muir Inlet 150 to 300 meters 
per year with two 3-year halts. The triangular lowland area invaded by 
plants and animals first appeared as nunatak knobs (Klotz Hills 1892, the 
Nunatak 1911), then as belts of new lowland 30 to 150 meters wide each 
year, and concentric to still-active side glaciers or to stagnant residual 
ice masses (Adams Inlet to 1935; McBride Remnant to I966). Gently sloping 
channels, floored with recent Seal River outwash gravels, became available 
some decades after the ice left, as floodwaters ceased in each route. 
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Shores are emerging at over k centimeters per year as the great ice load 
is removed from the land, so the shore environment area has widened 
several meters each century. These are the rates at which new land be
came available to plants, animals, and soil-forming processes. 

Part 2. Climate by Fritz Loewe 

The summer observations at different points around Muir Inlet show 
no notable differences except the obvious lower midday temperatures at 
the Casement station. Any physiographic or biological differences among 
the sites are likely to be due to factors other than those of the summer 
climate. 

Part 3. Soils by Fiorenzo C. Ugolini 

A sequence of ecosystems has developed in the Glacier Bay area along 
the deglaciation stages that began at the end of the Little Ice Age. A 
pedologlcal study along a transect from the terminus of Casement Glacier 
to the terminal moraine of Bartlett Cove has revealed a number of soils 
whose historical sequence corresponds to the ontogeny of a Podzol. How
ever, time is not the only variable along the transect. After 100 years 
the alder forest has been replaced by a spruce-hemlock community and, 
consequently, the biotic factor ceases to be constant. It is recognized, 
however, that during the time the alder forest has prevailed the soils 
could approximate a chronofunction. This implies that among the five 
soil-forming factors, four are reasonably constant and time is the only 
variable. The maritime climate prevailing in Glacier Bay, with its moder
ate temperatures and high rainfall, is very conducive to a vigorous plant 
growth, to maintaining a high leaching potential and to an accelerated 
rate of soil development. 

Following the deposition of glacial deposits by the retreating 
glacier, the fresh till is immediately attacked by a number of processes. 
While the surface is still barren the carbonates'are readily depleted and 
the cryopedological processes attain their maximum. WTith the establish
ment of plants, organic matter enters into the mineral soil and a surfi-
cial horizon Al, is formed. The pH of the soil is lowered and the cation 
exchange capacity is increased. With more plants growing a thin litter 
layer, the 01 horizon, is formed. These initial transformations occur 
during the first kO years. Following the densification of the plant 
cover a humified layer, the 02 horizon, appears. About 55 years after 
deglaciation, the pH is lowered from 8.2 to 5«9« Cation exchange capacity 
has doubled and the exchangeable hydrogen has increased five times. An 
incipient B horizon appears in the lower part of the Al horizon. During 
the next stage, from 55 to 250 years after deglaciation, the pH is 
further lowered and the exchangeable acidity increased more. The ex
changeable bases are considerably depleted and the carbonates almost ex
hausted. Free iron oxides show a maximum accumulation in the B horizon. 
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Then, 150 years after deglaciation, the A2 horizon makes its first ap
pearance. The thickness of the forest floor increases from 2 centimeters 
after 12 years to 20 centimeters after 150 years. The C/N ratio increases 
with time. The depth of the solum increases from 0.5 to 11.0 centimeters 
during the first 60 years, but it then increases to 15 centimeters during 
the next 165 years. 

The soil sequence along the 250-year-old transect can be represented 
schematically as follows: 

Regosols -»Podzolic soils -*Brown Podzolic -»Podzols 

However, because it is not known whether the Brown Podzolic soils are 
eventually going to disappear in the course of the ontogeny of a Podzol, 
the following representation could also be valid: 

Regosols -tPodzolic soils-*Brown Podzolic -»Podzols 
-»Brown Podzolic 

The Podzols found at the end of the recessional sequence are shallow and 
lack both an illuvial humus and a clay horizon. Because they show an 
illuvial iron horizon they have been included among the iron podzols of 
Kubiena. 

Turf-hummocks and other patterned ground features occur above 900 
meters (2800 feet). Frozen ground was also detected in the turf-hummock 
areas. The recently deglaciated areas are also cryopedologically active, 
and sorted nets and sorted stripes were observed. 

Part k. Plants by Henry F. Decker 

Plant succession in Muir Inlet, Glacier Bay, Alaska can be divided 
conveniently into eight intergrading stages: I, early pioneer, consisting 
largely of Dryas and Salix seedlings; II, mat stage, in which the Dryas 
forms extensive mats 0.1 to k meters in diameter; III, late pioneer, in 
which the terrain has scattered alder, willow, and poplar shrubs; IV, 
open thicket stage; V, closed thicket stage; VI, poplar-line.stage? in 
which poplar emerges above the alder canopy, forming a clearly discernible 
line on the horizon; VII, spruce forest; and VIII, spruce—hemlock forest 
stage. In the Muir Inlet region, the first three stages (I, II, III) 
occupy the deglaciated terrain for 20 to 25 years; 10 more years are re
quired for the transition of open thicket (IV) to closed thicket (v). The 
poplar line (Vl) along the east and west sides of Muir Inlet closely 
follows the 1920 positions of the McBride, Casement, and Plateau Glaciers, 
indicating it forms kO to U5 years after deglaciation. It takes at least 
75 to 90 years after deglaciafion for a spruce forest (VIl) to supplant 
the alder—willow—poplar closed thicket (v). 
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Part 5« Insects by Dwight M. DeLong 

A study of the insects in the Muir Inlet area following glacier re
cession for a period of some 70 years showed a rather definite pattern of 
succession in both the aquatic and terrestrial forms. The first aquatic 
insects to appear behind the melting glaciers are larvae of certain mos
quitoes and black flies. Associated with these are small predaceous 
diving beetles and a species of water boatman. As vegetation appears in 
the smaller ponds and organic matter accumulates in the larger pools, 
more species belonging to more families are found. The early terrestrial-
species are usually found some 15 to 20 years after glacier recession. 
Usually the plants begin to appear in that length of time, and plant lice 
and jumping plant lice occur on the early alders and willows. The ground 
beetles apparently appear soon after recession but are difficult to find 
because of the loose gravel in which they hide. Some blossom-feeding 
flower flies are found upon these early plants. More species occur in 
rapid order with each older recessional zone until a climax is reached in 
the spruce forest and strawberry meadow some 70 years after glacier re
cession. A number of herbaceous plant- and blossom-feeding species occur 
in the meadow. 

During this ecological survey, the most interesting ecological problem 
observed was the normal occurrence of a species of leafhopper, Macrosteles 
fascifrons (subspecies) living on a tidal flat, on a salt grass which is 
submerged twice daily for a considerable period with salt water containing 
icebergs and testing about 2°C. The insect has no known adaptation to 
either aquatic respiration or cold resistance. 

Part 6. Birds by Milton B. Trautman 

Since 1882 the rate of retreat (deglaciation) of the Muir Glacier and, 
after 1900, of some of its major glacier tributaries, has been documented. 

In June of 1965 several transect lines were established from the melt
ing edge of Casement Glacier (formerly a tributary of Muir Glacier), each 
radiating outward across-terrains whose dates of emergence are known. Ob
servations were made along these transect lines at intervals between June 
10 and August 2. Studied were the lengths of time necessary for develop
ment of habitat types and their bird associations, beginning with the 
least vegetated type nearest the glacial front and its Snow Bunting 
Plectrophenax nivalis - Rock Ptarmigan Lagopus mutus association, through 
several distinctive, increasingly complex, vegetative types and their more 
diverse bird associations, to the maturing Sitka spruce Picea sitchensis 
(Bong) Carriere - western hemlock Tsuga heterophylla (Raf.) Sarg. forest 
type and its Chestnut-backed Chickadee Parus rufescens - Varied Thrush 
Ixoreus naevius - Pine Grosbeak Pinicola enucleator bird association. 

Data, primarily concerning nesting species, substantiated the inference 
that a species moves in immediately or shortly after establishment of its 
habitat, provided there is a nearby population of that species. 
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Part 7- Mammals by E. Eugene Good 

A study of mammal distribution in recently deglaciated terrain was 
conducted on the east side of Muir Inlet in Glacier Bay National Monument 
during the summer of 1965. Small mammals were trapped. Large forms were 
located from tracks or signs and by direct observation. 

The first mammals invade new terrain about 25 years after deglacia-
tion. The first species to appear are the wandering shrew, Sorex vagrans 
and the deer mouse, Peromyscus maniculatus. The shrew persists at least 
for several centuries and was common in the oldest vegetation sampled. 
The deer mouse declines in numbers as the hardwood species are replaced 
by Sitka spruce and hemlock. It was not present in mature stands of 
spruce. 

The red-backed vole, Clethrionomys rutilis, which is one of the most 
characteristic mammals of the climax forest of the region, invades when 
spruce groves establish a thick needle carpet on the forest floor. In the 
area studied this occurred about 100 years after the recession of the ice. 
A second insectivore, the masked shrew, Sorex cinereus, invaded at about 
this same time. 

Two species of voles were present. Microtus pennsylvanicus, occupied 
specialized marshy or grassy habitats of a variety of ages. The youngest 
such habitats were 30 years old. Microtus longicaudus, the long-tailed 
vole was a common species above timberline on the mountains around the 
inlet. It was also taken on the lower foothills and in beach grass Elymus 
mollis near the north end of the area. 

Larger mammals of several species moved freely throughout the area. 
Mountain goats, Oreamnos americanus, were widely distributed and abundant. 
Coyotes, Canis latrans, were common. Wolves, Canis lupus, visited the 
inlet rather infrequently. Tracks of both brown and black bears were seen 
in various parts of the area and black bears were definitely resident in 
the extreme southern portion where the terrain approached a century in age. 
Tracks of the Wolverine, Gulo gulo, were noted once and the river otter, 
Lutra canadensis, ranged freely near the coast. Most of the larger forms 
moved widely and freely and were not good indicators of habitat change. 

The red squirrel, Tamiasciurus hudsqnicus, and the pine marten, Martes 
americana, were present a few kilometers south of the study area. The 
harbor seal, Phoca vitulina, was plentiful in the inlet and was abundant 
near the glaciers at the north end. The harbor porpoise, Phocoena vomerina, 
was observed rather frequently and on two occasions northern sea lions, 
Eumetopias jubata, were heard. 

Additional changes in the mammalian fauna were noted in the older 
terrain south of the study area but there was no opportunity to investi
gate these in detail. 
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Part 8. Freshwater Fish by Theodore Reed Merrell, III 

In the summer of 1965 collections were made of freshwater fish in the 
Muir Inlet area. Numbers of species and individuals were small, presumably 
because of a lack of freshwater fish from adjacent waters. Only four 
species were recorded, all tolerant of salt water: Dolly Varden trout 
(Salvelinus malma), Chinook salmon (Oncorhynchus tshawytscha), Silver sal-
mon (0. kisutch) and Threespine stickleback (Gasterosteus aculeatus). 

A sexually maturing female salmon, presumably 0. tshawytscha, was cap
tured in a freshwater lake. It was only Uo cm. in length and contained 
2>kkk eggs. Abnormal maturation in fresh water may have influenced fecundity. 

Part 9. Ecological Succession: A Summary by Emanuel D. Rudolph 

Information about succession of biota and development of soil in time 
after, deglaciation for the last hundred years has been compiled into a 
table. Using this representation, it is possible to ascertain some inter
relationships that link soil development, plant succession, and invasion 
and population by various animal groups. The insects and spiders show the 
most striking increase in number of species as the vegetation changes from 
the Dryas mat stage finally to the spruce forest stage, with bird increase 
being less great and small mammal and fish increase least. 

xxi 



PART 1. GLACIAL HISTORY 

by 

Richard P. Goldthwait 
Department of Geology 

and 
Institute of Polar Studies 

ABSTRACT 

The origin of the materials on which soils and ecosystems have devel
oped in the 25-kilometer-long triangular lowland of Muir Inlet north of 
Mts. Wright and Case involves the last two glacial invasions and pro-glacial 
waters since 8,500 B. C. The lowest unit, which is rarely seen, consists 
of gray marine clay full of shells more than 10,000 years old; this is 
the Forest Creek clay. It represents a mid-Wisconsin (or pre-Wisconsin?) 
sea at least 65 meters (200 feet) above the present bay. At 11 localities, 
the lower of two tills lies on bedrock, or on these marine clays; it is 
a compact sandy loam, stained yellow to orange near its surface, and 
bracketed by stumps and logs which date from 8,000 to 5,10° B> C. For 
more than 2,300 years of Hypsithermal time retracted glaciers filled all 
the side valleys with outwash (Van Horn gravels) at 1 to 2 meters per 
century and the forests these gravels buried were just like climax forests 
today. Apparently, northwestern Glacier Bay (to Reid Inlet) had ice, and 
no forests. The early Neoglacial advance by 2,800 to 2,200 B. C. came 
from this west side and blocked the Muir Inlet area, for widespread rhyth-
mite clays cover the gravel and bedrock even up to 270 meters (900 feet). 
The lake lasted 2,000 years until deposition of upper Van Horn gravels, 
dipping gray outwash layers, killed trees between 1+00 B. C. and 300 A. D. 
Neoglacial (Glacier Bay) till covers everything. The first stumps anni
hilated by this ice were on higher slopes to the northwest (800 B.C.) then 
to the north ;100 B. C.) and finally to the south (500 A. D.). At 
the climax of this Little Ice Age it covered mountains like Red Mt., 1250 
meters (1+,100 feet), and lay at 800 meters (2,600 feet) against the 
slopes of Mt. Wright, with a terminal moraine along Bartlett Cove about 
1700 A. D. 

From this slowly gained advance position there has been phenomenal 
retreat. Ice thinned near the edge at rates generally from 3 to 12 
meters per year. The sea ice cliff probably calved back to Beartrack 
Cove by 1780 A. D., to Sandy Cove by I83O A. D. and up Muir Inlet to its 
first mapped positions west of Mt. Wright in the l880's and 1890's. In 
broader stretches, recession of 300 to 600 meters per year took place, 
well charted after 1892; in narrow parts of Muir Inlet 150 to 300 meters 
per year with two 3-year halts. The triangular lowland area invaded by 
plants and animals first appeared as nunatak knobs (Klotz Hills 1892, the 
Nunatak 191I), then as belts of new lowland 30 to 150 meters wide each 
year, and concentric to still-active side glaciers or to stagnant residual 
ice masses (Adams Inlet to 1935j McBride Remnant to IQ06). Gently sloping 
channels, floored with recent Seal River outwash gravels, became available 
some decades after the ice left, as floodwaters ceased in each route. 
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Shores are emerging at over k centimeters per year as the great ice load 
is removed from the land, so the shore environment area has widened 
several meters each century. These are the rates at which new land be
came available to plants, animals, and soil-forming processes. 

BASIC STRATIGRAPRTC SEQUENCE 

The substrate in which soils developed, and on which the biota re-
occupied the area, consists of glacial debris left by two well-documented 
advances of former glaciers down Muir Inlet to or beyond the mouth of 
Glacier Bay (Frontispiece). These drifts comprise eight formations of 
glacial, glacio-fluvial, and glacio-marine deposits, produced in episodes 
from the latter part of Wisconsin time to the most recent decade (Fig. l). 
These were first described by Cooper (1923 and 1937), and Lawrence (1958). 
The geological sequence and significance was presented by Goldthwait 
(1963) and by Price (196^). Detailed studies and additional units were 
contributed by Haselton (1966) who introduced most formation names. The 
present study adds to the occurrences and distribution of the formations, 
adds radiocarbon datings, and greatly extends the interpretation. 

Wisconsin stage 

Early marine deposits. - The lowest and oldest unconsolidated forma
tion is the Forest Creek Formation. It consists of blue-gray marine clay 
and silt with massive structure or thin bedding (Fig. l). These lie 
directly upon unweathered glaciated bedrock and contain abundant pelecy-
pods, such as Macoma and Chlamys, and gastropods, such as Colus or 
Neptunea. Barnacle plates are most numerous; some are attached to pebbles. 

These marine beds were discovered in 1963 at 2k meters (78 feet) 
altitude in lower Forest Creek north of the recent terminus of Casement 
Glacier. Later small areas were found (1961+) far up Forest Creek at 59 
meters (19^ feet) and (1965) southeast of Casement Glacier at near 30 
meters (100 feet). 

All three small areas were uncovered by the receding edge of Casement 
Glacier during the late 1930's and 1950's. The vegetation which has grown 
on these patches is dominantly composed of horsetails owing to the great 
moisture retention of the clays and silts. 

The Forest Creek Formation is an enigma in the age determinations 
thus far. One radiocarbon date for the marine shells gave 10,000 ± 220 
years B. P. (I-I303), but logs immediately above this marine formation 
gave the date 10,U00 ± 260 years B. P. (1-1615). All subsequent forma
tions, even at elevations down to sea level, consist of sub-aereal de
posits, and indeed, the deposits from 7,000 years B. P. onward indicate a 
sea level substantially lower than that at the present time. Studies and 
dates at many shores all around the world indicate a much lower (30 meters, 
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100 feet plus) sea level 10,000 years ago. One could explain these 
marine deposits above the present sea level only if one postulated a very 
strong uplift (100 meters, 300 feet or more) between 10,000 and 7,000 
years B. P. following the Forest Creek marine invasion. Alternatively, 
it might turn out that the marine shell date (1-1303) is wrong, and that 
the marine invasion is mid-Wisconsin (interstadial). 

Late Wisconsin till. - The Muir till is the lower of two tills, and 
thus is well hidden at most places. It has been discovered at five 
localities on the east side of upper Muir Inlet (Haselton, 1966) and at 
three localities on the north side of Wachusett Inlet (Goldthwait, 1963). 
Three new localities were found south of Adams Inlet, and just south of 
Casement Glacier. The material is a compact gray, sandy loam with few 
cobbles and boulders. In many places this till is oxidized on its upper 
surface and stained a bright orange-red, which grades downward from 
organic material at the top. Needles, cones and bark make up the material 
of the organic layer, and stumps are still rooted. 

Because the oldest stumps are in place under the next younger gravel 

and date in excess of 7,000 years ago (Goldthwait, 1963), the interpre
tation is that the last phase of Wisconsin glaciation occurred after 
10,000 years ago and well prior to 75000 years ago, leaving sufficient 
time for soils to develop to 30 or 60 centimeters depth before sandy 
gravel outwash deposits inundated the forests and this initial soil. 

This older till has been identified only on steep exposures cut by 
streams; it was exposed and cut primarily in the 19^0's and 1950's. 
Steep sands slumping above it keep it unvegetated at this time. 

Hypsithermal time 

Hypsithermal gravels. - Two sandy gravel units, called the Van Horn 
Formation, form a local substrate near most creeks and valleys. They have 
been noted by all scientific visitors, and especially discussed by Russell 
(1892). They range from medium-sized gravels to coarse sands in layers 
which sometimes contain local cross-bedding. Although the original sur
face is not preserved, these have the very gentle dips suggesting deposi
tion as an outwash, and as they occur in matching levels with matching 
dates on both sides of Muir Inlet, and on both sides of Wachusett Inlet, 
it appears that the whole area was filled by these gravels from 50 to 100 
meters (150 to 300 feet) above sea level. Cooper preferred the interpre
tation that these were kame terraces lateral to a continuously present 
but fluctuating central ice stream (1937 and personal communication 1961). 
The lower gravel, 5 to 50 meters thick, is generally stained from yellow 
to rusty brown or reddish-brown, especially beneath the numerous thin 
organic horizons at several levels in this gravel deposit. This darken
ing is prominent on bluffs along the west shore of Muir Inlet (Bull 
triangulation point) and in all valleys leading northward from Mts. 
Wright and Case. 
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In Wachusett Inlet a large number of radiocarbon dates show that 
this lower Van Horn accumulation had developed from some level below 
present sea level to the position of present sea level about 7,000 years 
ago. Then it continued to thicken at the rate of l.k meters per century 
(Goldthwait, 1963). The leaves, cones, and stumps in these organic 
layers suggest temporary forests of small Sitka spruce trees and alder 
bushes advancing across the outwash from time to time as happens in the 
same situation today. At the valley side slope against which these 
gravels rest, a more mature forest of large Sitka spruce and occasional 
hemlock form the material on the soil of the underlying Muir till. A 
great many tree stumps have been exhumed, both on these marginal slopes 
and in terraces cut into the buried outwash (particularly at Forest 
Creek). The rounded condition of the tops of these trunks and the scarred 
surfaces on one side suggest that they were killed during inundation by 
washing gravels and not, as was first suggested by Cooper (1923), by many 
successive glaciations. Radiocarbon dates from these lower gravels indi
cate a span of accumulation beginning before 7,050 ± 250 years ago (I-8U 
and I-9l) and ending with the formation of a lake on the last forest 
beds approximately ^,200 years ago (3>290 to ̂ 4,775 years ago by ten dates: 
1-80, 83, 123, 12l4, 126, 16U, 1613, 1616, and Y-301, 303). 

Neoglacial time 

Early Meoglacial lake. - Interbedded in the gravels of the Van Horn 
Formation is a series of lacustrine silts and very fine sands found at 
most, but not all, localities on both sides of upper Muir Inlet, on both 
sides of Wachusett Inlet, and on the south side of Adams Inlet (Fig. l). 
In a few instances it rests directly on bedrock with no Van Horn gravels 
or Muir till beneath it. The highest of these lacustrine deposits occurs 
at 60 meters (200 feet) above sea level in upper Muir Inlet, at 80 meters 
(260 feet) in Wachusett Inlet, and up to 270 meters (886 feet) in valleys 
into Adams Inlet. With such widespread distribution in almost every cut 
throughout an area 16 kilometers long and 10 kilometers wide, and with 
many radiocarbon dates all giving the drowned forests (of which there are 
10) near the bottom dates of U,200 ± 500 years B. P., it seems almost 
certain that this was one lake extending the full length of Muir Inlet 
and its tributaries from the main open part of Glacier Bay south of 
Sebree Island. It was as much as U50 meters (1,500 feet) deep because 
its surface had to be near the 270 meter (900 feet) contour, and it lasted 
2,000 years because the three logs on the upper clays have dates within 
2,200 ± 200 years B. P. There is no reasonable or logical way in which to 
dam such a lake in the valley of Muir Inlet without placing ice down the 
main body of Glacier Bay. This must mark the initial phase of the coming 
of ice from the northwestern end of Glacier Bay and the Fairweather Range 
at about 2,200 B. C. (Fig. 2B). 

Advancing Little Ice Age outwash. - The upper member of the Van Horn 
Formation, as defined by Haselton (1966) and seen on the west shore of 
lower Muir Inlet, or the east shore of upper Muir Inlet, is a gray gravel, 
from 3 to 75 meters thick, generally resting on top of the lacustrine 
sediments (Fig. l). This upper unit has poorer bedding and sorting and is 
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distinguished from the lower unit by its cleaner, unstained gray color. 
The materials are coarser and include some cobble beds; here and there 
they are dipping beds or poorly bedded gravel, suggesting the proximity 
of ice. On the south side of Adams Inlet, these beds are very sandy and 
both there and north of Minnesota Ridge these upper sands rise to more 
than 1̂ 0 meters (1*50 feet) above present sea level. 

The nine buried forest samples in upper Muir Inlet range from 23̂ -0 ± 
115 years B. P. (l-l6l2) to 1,660 ± 110 years B. P. (I-I30I*). This may 
represent a gradual ice advance from 1*00 B. C. to 300 A. D. 

Because these gravels arc- the uppermost part of the Van Horn Forma
tion, and are only very thinly covered by till in many places, there 
are numerous localities today where this gravel forms the surface and 
upon which sequences of plants, insects and birds are developing. The 
gravel surfaces differ somewhat from the adjacent till surfaces which 
retain their moisture, for they are so well drained as to be dry in 
spite of the very wet climate. 

Little Ice Age till cover. - The ubiquitous cover of till which lies 
over the undulating eroded surface of the underlying gravel and lacustrine 
formations, and rises well above 300 meters (1,000 feet) on bedrock slopes, 
was deposited by the last advance of the ice, which is only now retreating 
(Fig. 20). This is the Glacier Bay Till and has a much darker gray color 
than underlying gravels (Fig. l). The lower (Muir) till is lighter gray 
and frequently colored yellow. Haselton (1966) shows that the upper 
Glacier Bay Till is more bouldery and stony but has a slightly lower sand 
content than the underlying Muir Till: 10 percent clay, 36 percent silt, 
and 5l* percent sand. The embryonic soils described by Ugolini (this 
volume) and the various forms of life described in subsequent chapters of 
this volume invaded mostly on this material* Cuts along creek sides may 
remain open for many decades if once over-steepened, but the original 
depositional till surface forms an undulating area of low hills, extending 
from the sea back to where the present glaciers end or up against the 
steep rock slopes at about 150 to 300 meters (500 to 1,000 feet) altitude. 
It became exposed gradually, in belts, as outlined in the next section 
(Fig. 3). 

This widespread till cover rises well above the earlier subjacent 
lacustrine and fluvial formations and near its upper limit covers or 
partially inundates the forest which occupied these slopes at the time the 
Little Ice Age began. Two wood samples which are dated by radiocarbon 
indicate the coming of Little Ice Age ice into upper Muir Inlet (l) 
2,735 ± i60 years B. P. (1-122) from the northwest via present Burroughs 
Glacier at a point 220 meters (720 feet) above present sea level, and (2) 
2,120 ± 115 years B. P. (l-l6l0) from the north in upper Muir Inlet 
against the west side of White Thunder Ridge at about 1*50 meters (1,1*75 
feet) above sea level. Forests were not destroyed at Forest Creek 
(1-1302) and Adams Inlet (I-I62) until 1,1*20 years ago. Clearly the 
Neoglacial ice expanded first from the northwest into other parts of 
Glacier Bay (Reid Inlet) before 2,200 B. C , forming the lake, but then 
ice did not expand from the lower peaks of the Canadian boundary area 
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until the proglacial outwashes were deposited from 400 B. C. to 300 A. D. 
By 500 A. D. it had thickened to cover all Muir Inlet and to 250 meters 
(800 feet) against Mt. Case. Lack of any other stratigraphic evidence 
suggests that the ice cover of Muir Inlet and its tributaries, Wachusett 
and Adams Inlets, was continuous from this time until the deglaciation 
of the century just ending. 

Recent deposits 

Ablation moraine* - During the last hundred years, retreat over the 
gently-rolling surfaces, both east and west of central Muir Inlet, has 
left a thin coating (up to 30 centimeters thick) of angular and sub-
angular sandy debris which slipped and slid off the last melting ice. 
Where we watch this process as ice continues to disappear today, there 
is a collection of lower englacial materials or a medial moraine let 
down on the melting ice surface, and spread and washed by small rills 
each summer. These sandy materials with very angular stones and blocks 
ultimately come to rest as thin "ablation moraine" on the sub-glacial 
Glacier Bay Till. Price (I96U) found this covering material sufficiently 
sandy and washed to label it "upper gravels" in spite of the very sharp 
angular (non-rounded) coarse clasts; he indicated its usual thickness 
was a matter of a few centimeters but occasionally as much as 20 meters. 

Washed deposits. - Obviously in this last association the recent 
surface "gravels" represent a stratified washed deposit of ablation 
materials accumulating in a kame mass along the retreating ice edge. 
For plants and animals these few deep hummocky spots afford a substrate 
similar to that of the underlying Van Horn outwash when exposed. Far 
more widespread and important as such a hilly gravel habitat are the 
eskers, ice-contact deposits made on the decaying ice of Casement 
Glacier. Price studied a series of eskers in two major chains from the 
southeast edge of the present Casement Glacier extending across Seal 
River into the great drainage channels sloping westward into Muir Inlet. 
These eskers were recorded in 1941 on aerial photos and interpreted as 
superglacial stream deposits. Under the gravel ridges remaining today 
are masses of buried protected glacier ice, exposed where Seal River 
cuts in, but hammer-blow seismic exploration west of Seal River in 1965 
showed that nearly all the ice is now gone. These ice channel gravels 
have come to rest as steep-sided ridges; slowly they become stabilized 
and tenable for plants. Because the water table is deep, they dry quickly 
after a rain, and there are no silts or clays to hold soil wetness. 

An even more widespread gravel habitat is the gently sloping glacial 
outwash plains, more than a kilometer wide, like that of Seal River that 
drains Casement Glacier into Adams Inlet. About 30 percent of the present-
day land surface exposed by retreating glaciers at altitudes below 300 
meters (1,000 feet) is floored by the gravels of these channels. These 
gravels are referred to herein as the Seal River Formation. They contain 

rounded pebbles washed out from under the present glaciers and may be 
derived in part from the Van Horn Formation, but in all cases they 
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are uniformly bedded, well sorted and fairly deep gravels. They provide 
a dry substrate for the development of certain plants and animals. 

So long as glacial streams fed onto each sloping outwash plain, the 
braided channels contained broad, shallow rushing currents which con
stantly built new gravel bars and shifted course daily. With repeated 
violent flooding and bar building, little can grow until fluvio-glacial 
feeding is diverted or ceases. The effective date of biological invasion 
then is when the glacial stream abandons the channel surface and pioneer 
plants begin to take hold. Of course this post-dates by one or two 
decades the time when the immediate area was uncovered by ice. It makes 
these outwash surfaces younger in origin than the adjacent till surfaces. 
Stratigraphically they are "on top of" all other deposits, but topographi
cally they are inset into channels cut through the whole series of 
earlier formations (Fig. l). 

POSITIONS OF THE LAST ICE 

Source of ice 

Two centers of flow. - The singular absence of stumps in place on 
the valley slopes, or logs in outwash gravels at any level, in the north
west portion of Glacier Bay (west of Carroll and Reid Glaciers), suggests 
that the glaciers emanating from the Fairweather and Crillon Ranges 
(Frontispiece) extended into the western end of Glacier Bay, perhaps 
as far as Russell Island,, throughout Hypsithermal time, 75000 to U,000 
years ago (Fig. 2A). Elsewhere buried climax forests are abundantly 
recorded on both sides of Muir Inlet, Queen Inlet, Hugh Miller Glacier 
and Geikie Inlet. It becomes unreasonable to explain a lake, or lakes, 
which endured for at least 2,000 years in Muir Inlet and began in Goose 
Cove (l-80) by 2,800 B. C , unless the first extension of glaciers in 
the cooling period of early Neoglacial time was from the glaciers al
ready existing in the west. A h,680 ± 160-year-old log (Y-9) reported 
in Reid Glacier moraine, and a U,755 ± 180-year-old log (I-89) on 
Carroll Glacier outwash suggest destruction by such an advance from the 
west just after 2,800 B. C. The first half of Neoglacial time (2,800 
to 500 B. C.) was characterized by increased net snow accumulation among 
the 3,000 to U,500 meter (10,000 to 15,000 foot) high peaks of the Fair-
weather Range west of Glacier Bay. 

When, then, did the second and lower ice center develop and extend 
glaciers into Muir Inlet from the north? The present Rendu, Carroll and 
Muir glaciers are distributed as transection glacier systems across the 
international boundary east of Mt. Barnard between peaks of 1,500 and 
1,800 meters (5,000 and 6,000 feet) altitude. This suggests that this 
moderately high mountain complex finally sufficed to gather increasing 
snows which resulted eventually in the one connected great ice field seen 
by Reid in 18Q2 and by the first Boundary Survey (1Q07). Glaciers were 
not generated anew here for small glaciers must have supplied the gravels 
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of the lower Van Horn Formation to Muir Inlet all through Hypsithermal 
time (Fig. 2A). They simply became enlarged as a major ice center and 
covered the early Neoglacial lake deposits with proglacial outwash and 
(Glacier Bay) till between hoo B. C. and 300 A. D. 

The dated logs pushed over by advancing ice or buried in till suggest 
that glacier growth may have progressed from west to east. About 785 
B. C. (2,735 ± 160 B. P., 1-22) Burroughs Glacier crept in from the north
west to an elevation of 220 meters (720 feet), but Muir Glacier to the 
north did not reach H-50 meters (1,^70 feet) altitude on the west side 
of Thunder Ridge until 150 B. C. (2,100 ± 115 B. P., 1-1610). The logs 
at Forest Creek and Adams Inlet just under the till which are dated at 
510 to 550 A. D. (1-1302, 1-162) complete the southeastward expansion over 
this basin. This advance must have continued until all the moderately 
high peaks between 760 and 1070 meters (2,500 and 3,500 feet) above Muir 
Inlet were completely covered: Minnesota Ridge, Idaho Ridge, and Red 
Mountain. Each of these high ridges is slightly rounded and bears thin 
drift comparable to that on the lower slopes. The ice covered the area 
for 1,000 years and more (Fig. 2D). 

A third high area containing Mts. Wright and Case respectively at 
about 1,500 and 1,700 meters (5,000 and 5,500 feet) elevation above Muir 
and Adams Inlets, certainly contained its own glacier sources. White 
Glacier is now covering all the upper slopes and has ice divides in the 
vicinity of 1,200 meters (h,000 feet). On the other hand, checks of the 
pebbles in the deposits of Van Horn (Hypsithermal) gravel and Glacier Bay 
(Weoglacial) till, both in Dirt Glacier Valley and in shorter valleys to 
the east past Mt. Case, showed lithologies found to the north across 
Adams Inlet. Medial moraines on one picture taken eastward into Adams 
Inlet in 1929 and H. F. Reid's map of 1892, suggest only a very small 
contributing ice stream from this arm of the Chilkat Range. Cooper (1937) 
notes undisturbed climax forest up to 760 meters (2,500 feet) on the 
south slope of Mt. Wright. Apparently there was an insufficient area 
of accumulation to provide important feeding to the main glacier system 
via Adams Inlet during the Little Ice Age. Each small glacier from here 
to the Juneau Icefields did register its own short expansion and advance, 
however (Lawrence, 1958; Heusser, i960). 

Climax of Weoglacial advance. - Several lines of evidence indicate 
that this last and greatest advance of post-Wisconsin ice down Muir 
Inlet reached its southernmost point just south of Bartlett Cove (Frontis
piece) between two and three hundred years ago. Lawrence (1958) found 
stumps excavated by the waves on the south shore of Bartlett Cove and 
buried in the intertidal mud. Radiocarbon dates show that these may be 
as much as 300 years old. The oldest spruce trees growing on the 
moraine were 121 years old (cored by Lawrence, 1957) or 125 ring years 
(Goldthwait, 1963), or 175 years (Decker, this volume). Allowing 50 
years or more for these to get started, it seems that the disrupting ice 
left the moraine some 250 years ago. On the occasion of the first re
corded visit in 179*+ hy Vancouver, the ice front was said to stretch 
from one side of Glacier Bay to the other "near its mouth." It is not 
clear whether the ice front was still near Bartlett Cove or a few kilo
meters north of that among the islands near Beartrack Cove (Cooper, 1937). 
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The position of outermost Neoglacial ice is marked by a sharp moraine 
30 to 50 meters high stretching through the woods northeast to southwest 
along the south side of Bartlett Cove. The National Park Lodge is built 
upon the north slope of this moraine. The moraine extends southward along 
Glacier Bay for over one kilometer and the ice edge may have reached Point 
Gustavus itself. The late Don Miller of the U. S. Geological Survey re
ported (oral communications, 1959) that a similar moraine trends north
westward into the hills on the west side of Glacier Bay just north of its 
mouth. The critical moraine on the east side has been traced from the 
air by following the trimline in the high spruce trees to the northeast 
into the region next to Salmon River and northward between it and Bartlett 
River to the area three kilometers east of Beartrack Cove, where it swings 
northwestward across the river into the mountainside at 120 meters (Loo 
feet) above sea level.- Cooper (1937) continued this line as undisturbed 
climax forests 300 meters (1,000 feet) above Beartrack Cove. Certainly, 
if these tracings are correct, the Beartrack River valley was blocked 
during the presence of the ice at its outermost position and it contained 
a glacial lake (Fig. 2D). 

Changing snow line. - The first photograph taken from near the top 
of Mt. Wright (Reid, 1896) shows the white snow accumulation limit on 
August 19j 1892, near the end of the melting season. Around the end of 
Minnesota Ridge, and in the area on either side of Black Mountain, it 
was 640 to 730 meters (2,100 to 2,^00 feet) high. Medial moraines shown 
on Reid's map (1892) fade out into snow cover at 550 to 760 meters (1,800 
•to 2,500 feet) above sea level; usually these show above the snow line 
for some distance. We have no direct clue how much lower the snow line 
may have been in the 1700's. 

Careful measurements on the Casement Glacier by Donald Peterson in 
1965 show a snow line slightly above 900 meters (3,000 feet) at the close 
of summer after rather heavy snow fall in the preceding winter. Medial 
moraines on 19H8 vertical photography fade out at 950 meters (3,100 feet). 
Field concluded in 19^7 that the firn line had been rising and was then 
above 900 meters (3,000 feet) on the average. Goldthwait (1963) con
cluded that the snow line or accumulation limit had risen about 300 meters 
in the half century between 1892 and 19^2. It seems certain that the 
sudden rise has reduced the accumulation area by at least 50 percent and 
has caused the great retreat of these glaciers. 

Disappearance of the ice 

Considering that it took about 1,000 years for the last ice to 
slowly invade all Muir Inlet, and that this covering endured more than 
another 1,000 years, it is all the more amazing that retreat to its 
present position has taken only about one century. Lawrence (1958) 
notes that this is about 15 times as fast as most glaciers elsewhere in 
the world today, and this rate was sustained for more than two centuries. 
However, radiocarbon dates in central United States and Ontario suggest 
equally fast post-Wisconsin retreats. 
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Thinning. - The rolling lowland area north of Mts. Wright and Case 
is triangular in shape and 25 kilometers on a side. It has been wholly 
deglaciated since the first photograph and careful topographic map in 
1892 (Reid). Everywhere that Reid's contours show 300 to 600 meters 
(1,000 to 2,000 feet) elevation on the ice there is now low rolling 
ground or narrow inlets (Muir, Wachusett, Adams). 

In 1892 the ice surface wrapped around the north slopes of Mts. 
Wright and Case, beginning at sea level on the west and climbing to 
approximately 300 meters (1,000 feet) toward the east. Ugolini found the 
highest erratic material on the northwest shoulder of Mt. Wright at just 
over 600 meters (2,000 feet) above sea level. It seems possible that 
with the ice fully extended to the Bartlett Cove moraine, ice wrapped 
around the west side of Mt. Wright at an elevation 760 meters (2,500 feet) 
above that sea level position. It was nearly 760 meters high on slopes 
five kilometers farther south, and it was 300 meters (1,000 feet) high 
on slopes 13 kilometers south above Beartrack Cove (Cooper, 1937)* Using 
200 years as the approximate time of retreat from the terminal moraine 
at Bartlett Cove to the known ice position of the 1890's, early deglacia-
tion lowered the ice surface about 4 meters per year. 

As rates of thinning are easy to measure against nunataks or ridges 
near the termini of glaciers, this method for determining the rate of 
thinning has been carefully read from photographs by Reid (l894), Field 
(19U7), Taylor (1962), Price (1964), and Haselton (1966). The average of 
15 such figures is 8.5 meters of lowering of ice surface per year. On 
the south side of Casement Glacier, Price (1964) gives 18 and 20 feet 
(5.5 and 6.1 meters) per year from photographs of 1929> 1948, and 1962. 
On the McBride Remnant Glacier east of Nunatak Knob, Field (194-7) gives 
22 feet (6.7 meters) per year, and Haselton (1966) gives 6.4 meters per 
year. On the main Muir Glacier itself, John Muir gave 20 feet (6.1 
meters) per year during the l880's and 1890's, and Field calculates 38 
feet (11.6 meters) per year between 1907 and 194l. Temporarily, between 
194l and 1946, the thinning was accelerated to 30 meters per year. Muir 
Remnant, an isolated mass west of Muir Inlet, has disappeared between 
Minnesota Ridge and White Thunder Ridge at the rate of 9.8 meters per 
year between the 1892 and the 1948 mapping. Burroughs Glacier, on the 
south side of Minnesota Ridge, lowered 3.4 meters per year higher up but 
6.5 meters per year near the southeastern edge (Taylor, 1962), and Field 
(1947) gives 15 feet (4.6 meters) per year for Plateau Glacier, which 
formerly was attached to Burroughs Glacier. 

From the point of view of repopulation by plants and animals, it is 
clear that there were refuges on some high peaks and ridges all around 
this basin throughout Neoglacial time. But these refuges were high and 
the climate severe; thus, it is clear that nothing but tundra-type plants 
and animals could have inhabited these places, and there is a lower 
climatic limit for tundra today near 760 meters (2,500 feet) altitude 
which cuts off egress through the lowlands. 

Retreat of ice cliffs in sea. - The prehistoric retreat of the very 
long ice cliff which stretched across Glacier Bay in Vancouver's time can 
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be estimated by prorating distances. Assuming that the ice started to 
disappear up the bay between 1660 and I76O A. D. (Cooper, 1937? calculates 
1735 to 1785 A. D.) it had to retreat *+3 kilometers along the east shore 
to arrive at the recorded 1880 position. If so, the rate of retreat was 
200 to 370 meters per year, which is well within the range of retreatal 
rates in Muir Inlet in historic time. The ice edge may have stood opposite 
Beartrack Cove, where the high mountain cliffs begin, between 1730 and 
I83O A. D. The latter is a calculation of Cooper and Lawrence (Lawrence, 
1958) based on tree rings. It would have backed up to Sandy Cove, (Frontis
piece) 15 kilometers farther north, between 1805 and 185O A. D. The Muir 
Inlet ice stream would have been separated from the Reid Inlet ice to the 
northwest between 18U0 and i860. 

Certainly, the shore plants and birds and animals invaded Muir Inlet 
from the south to the north as the ice edge vacated this area horizontally. 
The record of the sea level position of the ice edge is most precise. 
Field (19̂ +7) has recorded these photographically and triangulated them 
from I926 to the present. From his maps and photographs, terminal posi
tions were interpolated for the present study (Fig. 3). These start 
across the narrow part of Muir Inlet one kilometer south of Muir's Cabin 
in l880. As Field (19̂ -7) points out the wider and deeper the inlet, the 
more the ice front is exposed to warm water, and the more rapid the re
treat up to 800 meters per year (1892 - 1907). As the exposed end of the 
same ice stream narrowed to the north, its retreat decreased to 335 meters 
per year from 1936 to 19^6? and for a few short years (1926-31, and 19̂ -0-
k2) it almost held its own. 

Shore plants and birds are particularly abundant up Adams Inlet on 
the east. Ice retreat was regular from 1900 to 1930 here, but when the 
local inflow of ice ceased about 1935? the whole residual mass of ice 
over the island and central parts of Adams Inlet suddenly decayed. In 
Wachusett Inlet to the west inflow of ice has continued, so that the rate 
of retreat beginning in 1913 was 252 meters per year, but where the valley 
broadened from 19^8 to i960 the rate increased to 55̂ + meters per year 
(Taylor, 1962). 

Sea level has changed measurably even in the short period since the 
land has been exposed. Because the land is coming up at a rapid rate, it 
is presumed to be due to the rapid unloading of the earth's crust from 
Muir Glacier. Hicks and Shofnos (1965) showed from U. S. Coast and 
Geodetic markers that uplift was k cm/year in Muir Inlet and that the 
regional center of uplift was just southeast near Bartlett Cove. The 
following measurements of highest raised beaches found in the present 
study (3 to 5 at each location) tend to confirm this, although the most 
rapid uplift would center near Klotz Hills and amount to U.5 cm/year. 
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Area 

Bartlett Cove 
north shore 

Sandy Cove 

Muir Cabin 
and south 

Morse River, south
west shore 

Klotz Hills, north 
to Delta Station 

Goose Cove 
south 

Year exposed 
approximated 

1780 A. D. 

I83O 

1885 

1887 

1910 

1920 A. D. 

Total uplift 
beach above highest 

tide in 1965 

5.0 m 

3.8 

3.0 

2.3 

2.5 

2.C m 

Rate of uplift 
calculated 

2.7 cm/yr 

2.8 

3.5 

3.0 

U.5 

k.k cm/yr 

This means that shore plants are gaining a beach area one meter high and 
5 meters to 20 meters broad each quarter century; indeed, the plants 
clearly show this (Decker, this volume). 

Retreat of ice edge on land, - This triangular area, 25 kilometers on 
a side, seems to be typical of most hilly areas where deglaciation has 
occurred. As with the outer region of most ice sheets, the ice surface 
slope in the late l800's was moderately steep, 31 meters per kilometer 
(Cooper, 1937j estimated 150 feet per mile, or 28.5 meters per kilometer, 
for climax trimline) and through the lowering of this sloping surface, 
circular hill tops are first to appear (Fig. 3). Red Mountain, 1,250 
meters (U,100 feet) high between Casement and McBride Glaciers, has 
erratics and striae showing it was covered by Neoglacial ice. From 1892 
to 1935} a period recorded by photographs, lowering on the steep south 
slope of this mountain has been at the has been at the rate of 6.1 meters 
per year; applying this same rate to the uppermost parts, one might con
strue that the top was poking through somewhere about 1810 A. D. Klotz 
Hills at 3̂ 1 meters (l,ll8 feet) were just being exposed through the ice 
at the time of the first picture (1892). The hills on the west side just 
northeast of Morse Glacier were projecting at this time, and presumably 
first appeared somewhere just after l800. Bruce Hills at 670 meters 
(2,200 feet), which divided Cushing Plateau Glacier into the Plateau and 
Burroughs Glaciers appeared about 1929} but Curtis Hills, at ̂ 29 meters 
(l,h06 feet) near the entrance to Wachusett Inlet, first appeared in 
1906. The west end of Van Horn Ridge at 6k8 meters (2,12U feet) first 
projected above the ice in the 1907 picture but the prominent 368-meter 
(1,205-foot) landmark just to the south of it, the Nunatak, was not 
visible until 1911. In the early 1930's, White Thunder Ridge began to 
project through as a long rising isthmus of land between what has be
come Muir Remnant Glacier and the main Muir Glacier. 
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Last to be exposed are four large side valleys, distinctly shallower 
than the main Muir Inlet, where the flow of ice was cut off at an early 
date. Concentric lines mark each decade (Fig. 3). The first and most 
irregular ice mass remained in upper Adams Inlet in the 1929 photographs 
and it wasted from all sides (Bndicott and Berg Lakes undermined it on 
the east) until the sea, buoying it up from the west, caused sudden dis
integration and annihilation evident in the 1935 pictures and consummated 
by 19^1. McBride Remnant in the broad valley east of the Nunatak was 
520 meters thick in 1892, 280 meters thick in 1910, lUO meters thick and 
beginning to be surrounded by exposed land in 1935, ^5 meters thick and 
completely isolated as a long oval in 1950, and 3 meters thick but essen
tially gone in 1965 (Haselton, 1966). Retreat of the feather edges of ice 
at kO to 150 meters per year is a quarter as fast as ice cliffs in the 
sea. Similarly, Burroughs Glacier slopes in two directions; since 1916 
it has no longer been fed by new ice and so has been disappearing at both 
ends at 30 to 100 meters per year. Muir Remnant between White Thunder and 
Minnesota Ridges has a similar rate of retreat at its lowest edge. 

Casement Glacier (and earlier, Morse Glacier) is the prime example of 
a still-active long ice mass with a considerable accumulation area, which 
however, has been retreating regularly at rates of 30, 95> 98, 113 and 2k 
meters per year in successive decades since 1910. The two slowest periods 
of retreat represent the retreat where the ground slopes toward the west. 
The more rapid rates involve undulating or easterly slopes against the ice. 
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Figure 2 - Maps showing probable extent of glacier ice 
in Glacier Bay area, Alaska, and adjacent 
Canada, between 5200 B.C. and 1892 A.D. 

A. Hypsithermal Time, 5200 to 2900 B.C. 
B. Early Neoglacial Time, 2800 to 950 B.C. 
C. Little Ice Age Climax, 1700 A.D. 
D. First maps and photos (Reid), 1892 A.D. 
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Figure 3 - Map of Muir Inlet area showing retreat of glacier fronts by 
decades since 1880. Black squares indicate locations of 
meteorological stations. 
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PART 2 . CLIMATE 

by 

Fritz Loewe 
Institute of Polar Studies 

CLIMATIC INFORMATION 

Glacier Bay is situated in the southeastern part of Alaska, about 
58° - 59°N and 135~2° - 136i°W. No regular meteorological observations 
are taken in the Bay itself, but the surrounding region is quite well 
provided with stations near sea level. The nearest climatic stations with 
longer series of observations are: JUNEAU (58°l8'N, 13k°3Vw), which has 
a record of more than 50 years, HAINES (59°lL'N, 135°20'W) northeast of 
the study area, GUSTAVUS (58°25'N, 135°25'W), to the south near Bartlett 
Cove and the entrance to Glacier Bay, and CAPE SPENCER (58°12'N, 136°39'W) 
at the opening to the Pacific Ocean (Frontispiece). 

Climatic data are found: for Juneau in World Weather Records, Smith-
son. Misc. Coll., vols. 795 90, 107 and in the United States Weather 
Bureau's World Weather Records; for all stations in Climatic Atlas for 
Alaska, Weather Information Branch, Army Air Forces 19^3; U. S. W. B., 
Bull. W., Climatological Data, Alaska, vol. Ill, 1926 and Supplement; 
W. Koppen and R. Geiger, Handbuch der Klimatologie, vol. II G,. 1938; 
U. S. W. B., Climates of the States, Alaska 6O-U9, 1959. Monthly and 
annual means for individual years are given in: Climatological Data, 
National Summary, issued by U. S. W. B. 

The climate of Glacier Bay is dominated by maritime influences. As 
such it is characterized by a small annual and diurnal temperature range, 
by high relative humidity and cloudiness, by heavy precipitation and 
rather strong winds. All these qualities are most prominent along the 
outer coast and become slightly less marked in the interior of the inlets. 
This will repeatedly appear by a comparison of Cape Spencer as the more 
maritime with Haines and Juneau as the less maritime stations and Gustavus 
as intermediate. The area of this ecological study is halfway between 
Gustavus and Haines (Frontispiece). 

Radiation and sunshine 

Near Glacier Bay no measurements of solar radiation are available; 
the nearest place is ANNETTE (55°2'N, 131°33'W). Here the years 1958-
I96U have the following total (sun and sky on horizontal surface) radia
tion in cal/cm2/day, and Kcal/cm2/year (first line). The solar radiation 
offered outside the atmosphere has been added (second line). 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year 
55 95 210 325 i+60 UA5 ID45 320 230 100 50 35 85 kcal 
lUO 280 1+80 880 890 980 9U0 770 520 3U0 190 120 193 kcal 
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The amounts actually received are significantly reduced by the high 
cloudiness. 

The duration of sunshine has been recorded at Juneau. The mean 
duration in hours per month for 1958-6^ is, together with the fraction of 
possible sunshine, 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year 
55 75 l̂ O 180 225 155 175 135 115 60 k5 $5 IkQQ 

,2k .28 .38 M Tg[ .29 .32 .29 .30 .19 .18 0 7 .32 

May is the clearest month. It receives not only the greatest amount of 
radiation, but it also has the greatest number of hours of sunshine and 
the highest ratio of actual to possible sunshine. 

Temperature 

Conforming to the highly oceanic character of the region the tempera
ture conditions in Glacier Bay are likely to be very moderate. At Cape 
Spencer on the outer coast no month has a mean temperature below freezing 
point; at Gustavus and Juneau 3 months are just below freezing, at Haines 
in the interior of the Lynn Canal there are k months with a coldest, 
January, at -5°C. It can be expected that the average winter temperatures 
in Glacier Bay get lower as one advances from the entrance to the interior, 
possibly by 3°» which is the difference between Gustavus and Haines. The 
oceanic character of the outer coast is shown by the delay, at Cape Spencer, 
of the coldest and warmest months to February and August from January and 
July. A further indication is the gradual trend of the mean temperatures 
from month to month which remains below 4°C at Cape Spencer and Gustavus. 
The range of the monthly temperatures is only 11°C at Cape Spencer, l4° 
at Gustavus, 16° at Juneau, 19° at Haines. 

The daily temperature range is moderate, too; the average difference 
between the daily maximum and minimum is only k° in winter, and 6° in 
summer at Cape Spencer, 6° and 10° at Gustavus. The temperatures are 
likely to fall below freezing point at some time, at Cape Spencer from 
the middle of December to the middle of March, at Gustavus between the 
middle of November and late March, at Haines from late October to the 
middle of April. Cape Spencer has but 70 days with freezing temperatures 
in a year; only in January and February does the majority of days drop 
below freezing point, and the period from May to October is completely 
free of frost. Gustavus on the other hand, has a majority of frost days 
from November to March, and only June and July are completely free of 
frost. At Juneau the temperature will not rise above freezing point on 
50 days against only 10 days at Cape Spencer. Low temperatures do occur, 
particularly with the influx of cold continental air from the northeast. 
They hardly reach the outer coast, however, where at Cape Spencer the 
lowest temperature during six years was -13°, whereas at Gustavus -32°, 
at Juneau -26° and at Haines -22°C have been recorded. 
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The monthly mean maximum temperatures at Cape Spencer remain below 
15°C but exceed this value at Gustavus and Haines from June to August. 
At Juneau the mean frost-free period is almost half a year long, from 
April 27 to October 19. In Glacier Bay it is likely to be considerably 
shorter; but the distribution of frost varies over short distances, and 
no generally applicable value can be given. 

No observations of temperatures at high-altitude stations exist in 
the region. It can be estimated that the mean annual temperature falls 
to the freezing point at 900 meters (2800 feet). This is slightly below 
the level of the firn line, as can be expected in a region of very heavy 
snowfall. Above a level slightly higher than 2000 meters (6500 feet) 
no month will average above the freezing point. 

Water in the atmosphere 

The prevalence of maritime air gives the atmosphere a relatively 
high water content. The mean relative humidity at Juneau for the year 
is 79 percent and it is particularly high, 87 percent, for the three 
months August to October, during which more than one-third of the annual 
precipitation falls. Cloudiness too is high throughout. Juneau has 
only 50 clear days per year, but 270 days with high cloudiness. Cape 
Spencer has 55 clear and 220 cloudy days. 

Precipitation is abundant at most places; it is probably above 1250 
millimeters per year everywhere in Glacier Bay. During the year Cape 
Spencer, Gustavus, and Juneau have precipitation of at least 0.25 milli
meter on 3 days out of 55 and Haines on 9 days of 20. October has the 
greatest frequency of rain, almost 3 out of every k days. The.mean 
seasonal precipitation in centimeters is given in the following table: 

Juneau 
Haines 
Gustavus 
Cape Spencer 
Yakutat (59°33*N, 139°W) 
Little Port Walter (56°53'N, 

l3k°39'w) 

Spring 

L0 
26 
21-

ic 
65 
103 

Summer 

32 
25 
26 
61 
60 

H 

Autumn 

£ 
61 
52 
112 
125 
2U0 

Winter 

50 
h3 
3h 
58 
83 
157 

Year 

205 
1U5 
136 
278 
333 
586 

One notices the excessively high precipitation along the outer 
coast. The precipitation is likely to increase with height, with an in
creasing proportion of solid precipitation as in the very similar climate 
of southwestern Norway. On slopes, a considerable additional contribution 
by rime is likely. In the accumulation areas above Glacier Bay, an annual 
precipitation, mostly of snow, of 6 meters water equivalent and more can 
be expected, resulting in an accumulation of over 10 meters of snow at 
the beginning of summer. This explains the heavy glaciation of the Glacier 
Bay region. 
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The relatively mild temperatures allow occasional rain near sea 
level even in the middle of winter. At Juneau, days with snowfall con
stitute the majority of the days with precipitation only from December 
to March. The proportion of snowfall days in the whole number of days 
with precipitation is given in the following table: 

Jan Feb Mar Apr .... Oct Nov Dec Year 
proportion snowdays .85 .85 .85 .1+5 .15 .1+0 .85 .1+0 

Pressure and wind 

The atmospheric pressure varies little from month to month. The 
mean sea level values at Juneau are: spring 101I+ millibars, summer 1017 
millibars, autumn 1011 millibars, winter 1013 millibars. The driest 
season has the highest pressure, and the wettest season the lowest 
pressure. 

With the complicated network of fjords, islands and mountains the 
winds are evidently very strongly modified locally. They are generally 
determined by the low pressure area in the Gulf of Alaska and are mainly 
from the east and southeast. Cape Spencer has, with the exception of 
June with west wind, prevailing SE wind throughout the year. At Gustavus 
the prevailing wind is SE from August to March, and in summer from W. At 
Juneau the wind is mostly from SE all year. The following table gives 
the frequency distribution in percentages. The high percentage of calms 
at Sitka (57°3'N, 135°20'W) is surprising. 

N NE E SE S SW W NW C 

Juneau $ 5 9 16 2j+ 23 3 8 7 5 
Sitka i 3 7 2U 8 h It 10 6 3 ^ 

At many places the wind directions will be determined by the direc
tion of valleys and fjords, and at suitable places the runoff of cool air 
from the glaciers, the "glacier wind", will become important. 

Near sea level Glacier Bay belongs mainly to Koppen's climatic type 
Cfc, a warm temperate rainy climate with cool short summer (Juneau). 
Some parts might belong to type Cfs'c, the same with a relatively dry 
summer compared with the winter precipitation, but still sufficient to 
consider the dryest month as wet. Yakutat and Little Port Walter, as well 
as Cape Spencer and possibly Gustavus, would be classified in this way. 
In some parts the temperature of the coldest month will be below -3°C as 
at Haines; this would -then be climate Dfs'c, a rainy climate with cold 
winter and cool summer, with prevailing winter rain but a wet summer too. 
Muir Inlet is about halfway between Haines and Gustavus. 
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WEATHER OBSERVATIONS I963-I965 IN MUTR INLET 

During the last three summers some meteorological observations have 
been taken at different points around Muir Inlet. 

Nunatak Cove 1963-1961 

At Nunatak Cove (58°59'N, 136°6'W, 3 meters height above mean high tide) 
at the southwest end of the Nunatak, meteorological observations were taken 
from June 23 to August 29, 1963, and June 19 to September 12, 1961. They 
consisted of single daily readings of maximum and minimum thermometers, 
measurements of rainfall, estimates of cloudiness and occasional notes on 
the prevailing weather. The daily observations are given in Haselton (1966, 
Figs. 2 and 3). The following table gives the mean monthly maximum and 
minimum temperatures (°C) and, for comparison, those at Juneau (58°l8'N, 
13l°2l'W,22 meters) for July and August 1963 and 1961. 

July August 

Mean Max Mean Min Mean Mean Max Mean Min Mean 

Nunatak Cove 15.0 5 10.0 15 5.0 10.0 

Juneau 16.5 9 12.7 18 8.5 12.9 

23 

The temperatures at Nunatak Cove are lower than the simultaneous tempera
tures at Juneau and, also are lower than the mean temperatures at Gustavus 
at the entrance to Glacier Bay 77 kilometers south. This applies to the 
same degree to the maximum and minimum temperatures. An interesting 
feature of the temperature variations is the much bigger variability from 
day to day of the maximum compared with the minimum temperatures. For 
15I summer days the standard deviation of the maxima from their monthly 
means is 2.8°C, that of the minima only 1.1°C. During the 2 to 3 years 
of observations, the warmest day had a mean, in July and August, of ll°C 
and the coldest in July and in August was 6°C. The aperiodic daily range 
is not large (table above) as the interior of Glacier Bay has an oceanic 
climate. 

Cloudiness is prevalent and days with broken clouds are rare. The 
distribution of clear (0-3/l0), partly cloudy (1/10-7/10) and cloudy 
(8/10-10/10) days is given for June (extrapolated), July and August in 
the following table: 

0-3 1-7 8-10 Mean 
Nunatak Cove 6 5 20 7.0 

Haines 9 7 15 6.2 

Juneau 5 5 21 7-3 



During the observation time in 1963, northerly wind was quite 
prevalent at Nunatak Cove. 

Casement Glacier 1965 

In 1965 three stations were established on and near Casement Glacier 
(Fig. l). One station (Casement) was set up on the true right side of the 
glacier near the campsite at an elevation of approximately 300 meters 
(l,000 feet). At this station the following observations were made: 
recorded—air pressure, sunshine duration, global radiation, temperature, 
humidity, and wind speed and direction; three-times-daily observations—dry 
and wet bulb temperatures, screen temperature, wind speed and direction, 
cloud type and amount, prevailing weather, and a diary of its development. 
Another station (Terminus), set up on the outwash 0.5 kilometer in front 
of the terminus of the glacier and k kilometers from Casement Station, 
recorded air temperature, wind direction and speed, and global radiation. 
From June 18 to July 315 observations of daily maximum and minimum tempera
ture, of cloudiness and precipitation were taken at a third station (Delta) 
on an outwash delta near the coast southwest of Casement Glacier. 

Although most of the instruments need recalibration, and discrepancies 
between different instruments will have to be adjusted, the following 
preliminary results can be given. 

Sunshine and cloudiness 

The weather in July was mostly cloudy, the mean daily sunshine in 
the first half of the month being 5.5 hours and in the second half of the 
month only 4.5 hours, compared with possible maxima of 15.5 hours and 
13.2 hours of sunshine. August, however, was considerably clearer. The 

2k 

The cloudiness at Nunatak Cove is higher than that at Haines which is 
further in the interior of a fjord. Juneau at the outer coast has a 
• slightly higher cloudiness. Fog is rather frequent at Nunatak Cove. 

In view of the short period of observations and of the high variabi
lity of precipitation no definite conclusions can be drawn. Comparison 
with simultaneous observations suggests that the mean precipitation at 
Nunatak Cove is similar to that at Juneau and that the summers I963-I965 
may have had slightly below average rainfall, particularly in August. 
The table below indicates the number of days with rain per month. 

June July August 

Nunatak Cove (63-64) (extrapol.) 20 19 13 
Juneau mean 15 17 19 
Gustavus mean 15 16 18 
Haines mean 8 11 10 
Cape Spencer mean 17 20 20 



mean duration of sunshine was G.k hours compared with possible value of 
11.75 hours. 

Total radiation 

There was very little difference in the radiation records at Casement 
and Terminus stations. On a cloudless day in July about 700-750 calories 
are received on a horizontal square centimeter from sun and sky. By the 
middle of August this falls to about 550 calories. The average day in 
July supplies about h20 calories to the square centimeter, in August hOO 
calories. On days with continuous low cloud cover, the total radiation 
in July is only 100 calories, and only 65 calories in August. 

Temperature 

Temperatures at the station on the glacier were observed three times 
daily at 700, 1200, and 2100 "local time" (Alaska Standard Time) which 
is one hour behind the true solar time at the location. The mean tempera
tures (°C) and mean extremes for July and August at the glacier are given 
in the following table. 

The mean temperatures are higher in the evening than near midday. 
It would be necessary to study the records of the neighboring stations to 
see whether this is typical of the region. The absolute extremes during 
the observation period were 20° and 2°C. 

The difference in afternoon and maximum temperature between the 
Terminus and the Casement stations results from the fact that on the 
glacier the available heat was used to melt the ice rather than heat the 
air. The two sea level stations, Terminus and Delta, have practically 
identical temperatures. 
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700 1200 2100 max. min. 
Casement 
June 30 - July 18 5-5 5-7 5.9 10.1 U.5 
July 19 - 31 5.6 6.0 6.2 9.9 h.k 

August 1 - 2 5 6.U 7.0 7.1 10.8 k.l 

All 6.0 6.3 6.7 10.3 b.3 

Terminus June 18 - July 31 6.5 10.0 10.0 lh.O k.5 
Delta June 18 - July 31 lU.O h.O 
Gustavus (58°25'N, 135°h5'w) 17.5 7.0 



Humidity 

From the Assmann dry-wet bulb readings the mean relative humidities 
at Casement station on the glacier are: 

The mean relative humidities are high. This tends to diminish the 
evaporation from the surface of the glacier. However, on some occasions 
the humidity dropped to about kO percent. 

Evaporation 

Six Piche evaporimeters were suspended at distances of 2, k, 8, l£, 
32, and 6k centimeters above the surface of the ice. One additional 
evaporimeter was used at 6U. centimeters with a sunshade. Evaporation is 
a function of the saturation deficit and the strength of the ventilation, 
both of which generally increase upwards. Thus, the amount of evaporation 
also should increase upwards. This is clearly shown by the data in the 
following table, which gives the evaporation at different heights in milli
meters of water. 

Height cm 2 k £3 1 6 32 6k 6k(shaded) 

All days (ll) .55 1.5 1.6 2.2 2.2 2.9 3.1 
Sunny days (5) .82 2.7 3.2 4.3 4.8 5.7 5.8 
Overcast days (6) .30 .45 .27 .45 .55 .60 .78 

For the mean of all days the evaporation at 6k centimeters is five 
times that at 2 centimeters. The relative increase is stronger on sunny 
days than on overcast days. The sunny days with greater radiation and 
higher mean temperatures produce evaporation which is 3 to 8 times greater 
than that on overcast days. The increase of evaporation with height is 
not far from logarithmic; this suggests that the evaporation from the Piche 
instrument is nearly proportional to the wind speed. 

Precipitation 

Rainfall observations at the Terminus and Delta stations are available 
from June 15 to the end of July. The rainfall during the second half of 
June (89 millimeters) exceeds the average at Gustavus Park Service head
quarters 60 kilometers to the south. The rainfall at Terminus during July, 
102 millimeters, was equal to the mean rainfall of this month at Gustavus, 
whereas the rainfall at Delta in July was smaller, 8l millimeters. During 
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700 1200 2100 

July 72$ 80$ 7% 
August 82$ 81% 79/o 



this period, there were 22 days with and 22 days without rain at both 
Terminus and Delta stations. This again corresponds to the mean condi
tions at Gustavus. 

Wind 

The mean wind direction at the Casement station, as noted in the 700, 
1200, and 2100 observations was northeast by east. No wind other than 
from between north and east has been noted. This consistent direction 
seems to be a compromise between the direction of the "glacier wind" which 
would be north by east, and the prevailing wind at this time of year, from 
the southeast. The winds were weak, having a mean of only 25.7 m/sec 
( 5 knots). They were weaker in the morning, 23.1 m/sec (U.5 knots), and 
stronger in the evening, increasing to about 30*8 m sec (6 knots). No 
wind exceeding 6l.6 m/sec (12 knots) was noted at observation time. 

CONCLUSIONS 

The summer observations at different points around Muir Inlet show 
no notable differences among each other except the obvious lower midday 
temperatures at the Casement station. Any physiographic or biological 
differences among the sites are likely to be due to factors other than 
those of the summer climate. 
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Figure 1 - Map of Muir Inlet area showing retreat of glacier fronts by 
decades since 1880. Black squares indicate locations of 
meteorological stations. 
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ABSTRACT 

A sequence of ecosystems has developed in the Glacier Bay area along 
the deglaciation stages that began at the end of the Little Ice Age. A 
pedological study along a transect from the terminus of Casement Glacier 
to the terminal moraine of Bartlett Cove has revealed a number of soils 
whose historical sequence corresponds to the ontogeny of a Podzol. How
ever, time is not the only variable along the transect. After 100 years 
the alder forest has been replaced by a spruce-hemlock community and, 
consequently, the biotic factor ceases to be constant. It is recognized, 
however, that during the time the alder forest has prevailed the soils 
could approximate a chronofunction. This implies that among the five 
soil-forming factors, four are reasonably constant and time is the only 
variable. The maritime climate prevailing in Glacier Bay, with its moder
ate temperatures and high rainfall, is very conducive to a vigorous plant 
growth, to maintaining a high leaching potential and to an accelerated 
rate of soil development. 

Following the deposition of glacial deposits by the retreating 
glacier, the fresh till is immediately attacked by a number of processes. 
While the surface is still barren the carbonates are readily depleted and 
the cryopedological processes attain their maximum. With the establish
ment of plants, organic matter enters into the mineral soil and a surfi-
cial horizon Al, is formed. The pH of the soil is lowered and the cation 
exchange capacity is increased. With more plants growing a thin litter 
layer, the 01 horizon, is formed. These initial transformations occur 
during the first U0 years. Following the densification of the plant 
cover a humified layer, the 02 horizon, appears. About 55 years after 
deglaciation, the pH is lowered from 8.2 to 5«9« Cation exchange capacity 
has doubled and the exchangeable hydrogen has increased five times. An 
incipient B horizon appears in the lower part of the Al horizon. During 
the next stage, from 55 to 250 years after deglaciation, the pH is 
further lowered and the exchangeable acidity increased more. The ex
changeable bases are considerably depleted and the carbonates almost ex
hausted. Free iron oxides show a maximum accumulation in the B horizon. 
Then, 150 years after deglaciation, the A2 horizon makes its first ap
pearance. The thickness of the forest floor increases' from 2 centimeters 
after 12 years to 20 centimeters after 150 years. The C/W ratio increases 
with time. The depth of the solum increases from 0.5 to 11.0 centimeters 
during the first 60 years, but it then increases to 15 centimeters during 
the next 165 years. 
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The soil sequence along the 250-year-old transect can he represented 
schematically as follows: 

Regosols ->Podzolic soils -»Brown Podzolic -»Podzols 

However, because it is not known whether the Brown Podzolic soils are 
eventually going to disappear in the course of the ontogeny of a Podzol, 
the following representation could also he valid: 

Regosols -»Podzolic soils-* Brown Podzolic -»Podzols 
-»Brown Podzolic 

The Podzols found at the end of the recessional sequence are shallow and 
lack both an illuvial humus and a clay horizon. Because they show an 
illuvial iron horizon they have been included among the iron podzols of 
Kubiena. 

Turf-hummocks and other patterned ground features occur above 900 
meters (2800 feet). Frozen ground was also detected in the turf-hummock 
areas. The recently deglaciated areas are also cryopedologically active, 
and sorted nets and sorted stripes were observed. 

INTRODUCTION 

According to Jenny (19^1, 19^6, 1958), in the fundamental equation 
of soil formation, time as a factor may be evaluated as a single variant 
if the other factors are kept relatively constant. Thus, 

S = f(time)clj0>pjr 

where: 

S = soil 

cl = climate 

o = organisms 

p = parent material 

r = relief 

In this equation, S is a dependent variable, and cl, o, p, and r are 
independent variables. When the dependent variable, soil, is qualitatively 
evaluated as a function of time, we speak in terms of a chronosequence. 
When the dependent variable is instead expressed quantitatively, we speak 
of a chronofunction (Jenny, 1958). 
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Thus, for a chronofunction of soils the following equations can be 
written: 

Si = f(t')cij0,p,r 

52 = f(t'')cij0,p,r 

5 3 = f (t
,M )Gl,o,p,r 

5 4 = 

Where Si, S2, S3, ... are the soils existing where the ages 
of the land are t', t", t"' , ... 

To evaluate the role of time, natural systems can be chosen where the 
age of the land surface is known and/or where a sequence of definite time 
intervals can be established. The Glacier Bay area in southeastern Alaska 
(Frontispiece) where the history of recent deglaciation is well documented 
(Fig. l) is ideal for such a study of the rate of soil development with 
time. 

However, in tracing the development of soil along a transect of about 
6k kilometers, from the barren, recently deglaciated areas of Muir Inlet 
to the mature stands of Sitka spruce and western hemlock at Bartlett Cove 
(Frontispiece), it was realized that time was not the only variable. 
Since glacial recession, initiated 200 to 300 years ago (Goldthwait, 1963), 
plants and animals have invaded the deglaciated areas very rapidly and 
have produced a number of different ecosystems: through ecological succes
sions. A detailed and accurate history of these successions has been 
produced by Cooper (1923, 1931, 1939), Lawrence (1958) and Decker (this 
volume) for the plants, by Good (this volume) for the mammals, by Trautman 
(this volume) for the birds, and by DeLong (this volume) for the insects. 

The plant succession starts with a pioneer stage represented by 
mosses, Epilobium latifolium, Equisetum variegatum, Dryas drummondii and 
a few seedlings of Salix spp. and Alnus incana. This initial stage 
gives way to a shrubby community of willows (Salix spp.) and alders 
(Alnus incana). Following the shrubby stage, dense thickets dominated 
by alder become established. The end of the succession is represented 
by mature stands of Sitka spruce (Picea sitchensis) and western hemlock 
(Tsuga heterophylla). 

The regional climate for the Glacier Bay area as described by Loewe 
(this volume) and by Crocker and Major (1955) shows differences along the 
6k kilometers north-south transect. However, the microclimates in each 
of the different ecological successions along the same transect show even 
more differences. 

It seems that of the five soil-forming factors in the fundamental 
equation only topography, parent material, and possibly the regional 
climate can be kept relatively constant. The biotic factors and time 
were the two independent variables that apparently were not kept constant. 
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However, there may be more than one stage in the entire ecological suc
cession where conditions apparently approach, as far as any natural system 
can, the ideal model described by Jenny (1958). One of these stages 
exists in front of the Casement Glacier along a line 5 to 7 kilometers 
long in an area deglaciated in the last 55 years (Fig. 2). Here a till 
derived from a single glacier maintains fairly uniform parent material. 
The vegetation, both as an independent and a dependent variable, may be 
considered constant. The biotypes and species of dissimules spreading 
over the area are similar to the composition of the species actually 
growing. The soils in this stage could, therefore, satisfy the prerequi
site of a chronofunction (jenny, 1958). Without seriously invalidating 
the soil formation equation, this chronofunction probably could be safely 
extended to the alder-spruce boundary line which dates from about 100 to 
200 years B. P., but it would be totally unrealistic to attempt to extend 
it along the entire transect through the numerous ecological successions. 

The purpose of this report is to illustrate in a qualitative and 
quantitative way the changes affecting the disorganzied assemblage of soil 
material left by the ice as it became a soil with definite properties and 
genetic characteristics. Crocker and Major (1955) made a similar study in 
the same area but with more emphasis on single soil properties than on 
genetic horizons and profile development. The progressive development of 
the different horizons and profiles along the entire transect from the 
terminus of the Casement Glacier to Bartlett Cove is described in the 
following pages. The descriptions are arranged chronologically and include 
a brief summary of the environmental conditions existing in the selected 
sites. 

FIELD AND LAB0PAT0RY METHODS 

Transects were made across glacial deposits of established ages, 
starting from the terminus of Casement Glacier and the stagnant remains 
of McBride Glacier (Fig. l). Care was taken to locate along the transects 
the position of the ice margins on the ground at various dates. This 
was accomplished by consulting previous reports (Field, 19^7; Crocker and 
Major, 1955; Price, I96U; Haselton, 1966) and through the competent field 
assistance of R. P. Goldthwait, whose compilation of glacier positions 
is the basis for Figure 1. Much of the study was centered in front of 
Casement Glacier where soils derived from a single glacial till could be 
examined along the glacial recession lines from 1965 back to 1910. How
ever, areas south of Adams Inlet, deglaciated between 1880 and 1890, 
areas north of Beartrack Cove, deglaciated before I83O (1780 ± 50), and 
the terminal moraine at Bartlett Cove, left by the receding ice between 
I76O and 1660, were also investigated (Frontispiece; Fig. l). 

Altitudinal transects were made along the flanks of Mt. Wright from 
sea level to 1,000 meters (35300 feet) and from sea level to the top of 
Red Mountain at 1,070 meters (35500 feet). After considerable exploratory 
work, sites thought to be representative for a given age were chosen. 
Sampling proceeded on a volume basis. Soil blocks having a surface of 
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15 x 15 centimeters were excavated to a depth of each horizon. The weight 
and the volume of the cobbles or pebbles contained in the blocks were 
obtained. The forest floor was sampled in the same fashion. The living 
mosses in the spruce forest were considered as the 01 horizon. Soil 
reaction and ferrous iron were determined in the field. Ferrous iron 
was estimated according to Ignatieff's procedure (l9*4l). Samples sealed 
in tin cans were collected for field moisture determination. 

A pebble count was made so as to evaluate the lithologic composition 
of the parent material of the different profiles. The pebbles were divided 
into four categories: 

Igneous rocks1 - These pebbles include granite, granodiorite 
and diorite (with diorite being the most common). 

Dike rocks - These pebbles have derived from dikes that have 
intruded the metasedimentary rocks and vary in composition, 
probably from andesite to basalt. 

Argillaceous metasedimentary rocks - These pebbles are 
indurated, thin-bedded, hard and resemble chert. These 
rocks may contain veins of calcite and dolomite. 

Limestone - These pebbles are light to dark gray fossilifer-
ous marine limestone. 

In the laboratory, the air-dried soils were sieved through 1*4—, 5-
and 2-millimeter sieves. The weight and the volume by displacement of 
the separates above 2 millimeters were obtained. Particle density of the 
< 2-millimeter fraction was determined as described by Blake (1965). 
Mechanical analysis was carried out according to a method modified from 
Steel and Bradfield (193*0 • Calcite and dolomite were evaluated according 
to Dreimanis (1962), whereas pH was measured with a Beckman glass electrode 
in a 1:1 soilrwater suspension. Total carbon was estimated by oxidation 
with potassium dichromate (Peech, et al., 19*4-7). Total nitrogen, including 
nitrates, was determined as described in the A. 0. A. C. (1955). Ex
changeable bases were extracted by the BaCl2-triethanolamine method 
(Mehlich, 19*4-8) and assayed with a Coleman flame photometer and a Perkin-
Elmer atomic absorption spectrophotometer. Exchangeable acidity was 
measured by the buffered barium chloride method of Mehlich (19*48). Free 
iron oxides^ were estimated by Kilmer's method (i960). 

•"•George Haselton, Geology Department, Ohio State University kindly identi
fied and described the pebbles. 
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GENERAL FIELD OBSERVATIONS 

Following deglaciation and subsequent plant invasion, the feature
less mass of glacial till progressively developed into soil horizons and 
profiles. To illustrate these processes, a number of profiles were ex
posed and described along the line of the glacier recession. Before the 
account of these observations is given, a brief discussion of other zones 
of considerable pedological interest is introduced. These are the areas 
in front of the retreating ice and those in the mountains above the timber 
line. 

Both areas are affected by similar cryopedological processesj but the 
types of soils are considerably different. The Regosols of the recently 
deglaciated areas (Fig. l) resemble, although they are probably genetically 
not related, the Raw Tundra (Brown, 1962) or the Upland Tundra soil, 
massive with vesicles, found in the Arctic (Ugolini, in press). The 
Regosols covered by a cobbly pavement show a massive layer with vesicles 
1 to 2 millimeters in size in the upper 5 or 10 centimeters. Below this 
layer the soil acquires a platy structure. The plates are 1 millimeter 
thick but tend to become thicker and less distinct with increasing depth. 
Crocker and Major (1955) ascribed the cobbly pavement in the bare, recently 
deglaciated areas to freezing-thawing and wetting-drying processes. This 
author, although well aware of the high incidence of cryopedological 
phenomena in the barren areas, thinks that the extensive stony pavement 
may have partially resulted from the dropping of the cobbly, fines-poor, 
superglacial till as the ice wasted away (Goldthwait, this volume). 
During this investigation it was observed that the surficial massive 
layer with vesicles is not restricted to the bare, recently deglaciated 
areas as previously reported (Crocker and Major, 1955)> out is found 
under barren or sparcely vegetated conditions on surfaces of different 
ages. To shed some light on the genesis of this layer, a sample was 
obtained with well developed vesicles and mixed with water to destroy 
the original vesicles. After exposing the paste to the sun for drying, 
small vesicles 0.5 to 1 millimeter in size were developed in the upper 
crust in two days. After a rainfall, the vesicles disappeared from the 
top, but appeared 2 centimeters below the surface. This crude experi
ment may indicate that wetting and drying, as previously reported in 
some desert soils (Springer, 1958), may be one of the mechanisms for 
producing vesicles. 

Along a now-abandoned drainage channel of the Casement Glacier, 
needle ice, probably formed during the late part of the spring, had left 
delicate imprints of acicular ice crystals in a barren flood plain of a 
small ephemeral stream. 

Beyond the tree line, at an elevation of about 800 meters (2700 feet) 
and above along the northwestern slopes of Red Mountain and the western 
flanks of Mt. Wright, the dense mat of heath of the alpine meadows is 
interrupted in places by bedrock projections and, at higher elevations, 
suppressed by wind erosion or broken by cryogenic processes. Frost 
features are encountered in these regions of alpine meadows and shattered 
rocks. Small sorted nets and nonsorted circles (15 centimeters in 
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diameter) appear as isolated bare spots between the vegetative mat or 
shattered bedrock. A cross section of a nonsorted circle reveals below 
the first 5 centimeters of structureless material, a layer displaying 
a platy structure with plates 1 to 2 millimeters in size. Sorted stripes 
are common just below the top of Red Mountain. 

The flat ridges in the high alpine meadows above 800 meters (2700 
feet) at Mt. Wright and Red Mountain are covered by hummocks (Fig. 2). 
These surficial features, commonly found in the arctic, subarctic and 
alpine regions, have been described by a number of investigators (Hopkins 
and Sigafoos, 1951; Bocher, 195^; Troll, 19UU; and Raup, 1963). Washburn 
(1956) classified them as nonsorted nets. The best examples of turf 
hummocks were found on a flat ridge below the summit of Mt. Wright at an 
elevation of about 900 meters (2800 feet). Each individual hummock 
(Fig. 3) measuring 120 centimeters in diameter and 70 centimeters in 
height had a cover of mosses with plants of Cassiope tetragona and other 
heathers. A black layer, 30 centimeters thick in the center but thinner 
along the sides, consisting of well-humified material with fine texture 
and abundant roots, rested on a mineral soil of silty loam texture and 
containing angular pebbles. This soil layer in turn lay on a frozen dome 
of mineral soil that formed the core of the hummock. In the hummocks the 
frozen soil was found at a depth of 20 to kO centimeters (July 8, 1965)5 
but between the hummocks it was found below 70 centimeters. On Red 
Mountain at about 900 meters (2800 feet), other, but smaller turf hummocks 
were observed. The hummocks consisted of a hull 30 centimeters thick of 
well-humified plant material resting on a core of silty loam soil. The 
frozen ground table in the hummock was found at 65 centimeters (July 25 , 
1965). The soils in the meadows not occupied by hummocks have thinner 
humus layers than the hummocks themselves. In the steep meadows of Mt. 
Wright evidence of mass wasting is revealed by a well-humified horizon 
buried under a 35-centimeter-thick mineral soil which in turn displayed 
some degree of profile development. In the transition zone between the 
dense forest and the meadows, the soils have more features in common with 
the soils of the forest than with the ones of the meadows. 

DESCRIPTION OF SOIL PROFILES ALONG RECESSIONAL TRANSECT 

Ablation till area 

The Casement Glacier near its terminus (Fig. l) is covered by a mantle 
of ablation till which consists of angular rock fragments varying in size 
from coarse sand to large boulders. Silt and clay fractions are present 
in small quantities. Because of the effectiveness of the thin ablation 
till in increasing the melting of the ice below it, considerable running 
water is present in this area. In places where water is more plentiful, 
a mosaic cover of mosses is growing. Many of the single moss plants 
(Rhacomitrum spp.) are perched on a pedestal of ice which was formed by 
differential melting. Profile 17 is a description of a soil collected on 
Casement Glacier 1.6 kilometers from the edge. 
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Profile 17 

Depth Horizon Morphology 
(cm) 

0-6 1 A dark gray (N^/l)* coarse sand and gritty 
material consisting of angular fragments; some 
of the fines (silt and clay) occur in the lower 
part of the soil, resting directly on the ice. 
The material is very moist. No megascopic 
plants are present. 

Barren recently deglaciated areas 

The area, which became free of ice between 1950 and 1965? is barren 
with the exception of a few seedlings of fireweed (Epilobium latifolium), 
willow (Salix spp.), alder (Alnus incana) and scanty small patches of 
Dryas drummondii (Fig. k). A mossy crust 2 to 3 centimeters thick grows 
between boulders, and becomes more extensive in basins once occupied by 
lakes and ponds. Glacial constructional features varying in size from 
small ridges and isolated mounds to large eskers are present in this area. 
Patterned ground (Washburn, 1956) is represented by small sorted nets, 
sorted circles and sorted stripes. Other features such as frost heaved 
boulders indicate active frost action, but there is no permafrost. 

A soil profile was exposed at a site that was probably deglaciated 
in i960 to I96I. The area near the profile is mostly barren with a few 
plants of Dryas drummondii and willow. A mossy crust is rather widespread. 
The surface of the soil is covered by a pebble-thick pavement. 

Profile 38 (Fig. 5) 

Depth Horizon Morphology 
(cm) 

0-6 1 A dark gray (NU/1) pebbly sandy loam layer, massive 
with vesicles 1 to 3 mm in diameter. Clear and 
smooth boundary. 

6-50 2 Dark gray (NU/l) sandy loam but more cobbly than 
the above horizon, weak to moderate platy structure. 
The single plates are 1 mm in thickness in the upper 
part and become thicker, about 3 mm, with depth. 
Below 15 cm vertical fractures appear. Friable and 
moist. 

*Munsell Color Notation, Munsell Color Co., Inc., Baltimore, Md.; color 
determined under moist field conditions. 
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Pebble count: 

kk^o igneous, 3^fo argillaceous, l&fo dike rocks, k% limestone 

Sparsely vegetated areas 15 to 25 years old 

This area deglaciated between 19^0 and 1950s is covered by a patch 
carpet of Dryas drummondii, which becomes more continuous in the older 
deglaciated areas. Small shrubs of alder are interspersed in the heath 
carpet (Fig. 6). 

The more recently deglaciated and still partially barren area has 
patches of sorted nets and sorted circles, whereas along the sides of 
small ridges on slopes of 15 percent sorted stripes occur (Fig. 7). 
Small solifluction lobes are also present on slopes with a 10 percent 
gradient. The downslope movement of these small lobes is emphasized by 
the lobate and pleated configuration of the surficial mossy crust that 
covers the slopes (Fig. 8). Sorted nets, probably still active, are 
present in some of the drained lake basins (Fig. 9). These lakes were 
once ice-dammed and must have drained after 1950. However, the sorted 
net could have formed even during the time the basins were inundated. 
The diameter of the meshes varies from 15 to U0 centimeters. In cross 
section, a single mesh shows a concentration of fines surrounded by a 
belt of small rounded cobbles. The surficial layer of fines from 0 to 5 
centimeters is covered with a 2- to 3-millimeter thick crust of mosses. 
It has a dark gray color, a clay loam texture and a massive structure 
with vesicles. Between 5 and 12 centimeters the material becomes lighter 
in color, (N5/1, gray) but still maintains the same characteristics as 
the above layer. In places where the material is dried, a weak platy 
structure is visible. Below 12 centimeters the material is very moist 
and exhibits thixotropic properties. 

A soil profile was exposed in a grove where the average age of the 
two largest alder trees was 12 years. The area was deglaciated about 
I9J+I. Willow and Cottonwood trees made up only a small percentage of 
the stands. The alders in the grove had suppressed the mats of Dryas 
which, once dried and partially decomposed, form the 01 layer of the soil. 
A few plants of Equisetum were present. 

Profile 15 (Fig. 10) 

Depth Horizon Morphology 
(cm) 

2-0 01 Mainly dead undecomposed leaves of alder with 
still undecomposed plants of Dryas drummondii. 

0-2 Al A dark gray-brown (lOYRk/2) mineral horizon 
covered at the surface by a thin crust of lichens. 
Sandy loam in texture, single-grained, loose and 

37 



friable, roots abundant, moist. Clear and sharp 
boundary. 

2-l4 CI Gray-brown (10YR5/2) sandy loam, weak platy struc
ture with plates 3 to k mm thick, in places vesicles 
are visible inside of the plates; friable, roots 
abundant, moist. Clear and smooth boundary. 

lt-30 C2 Gray (N5/l) sandy loam very weak platy structure 
with vertical fissures. It breaks into weak 
blocky units; roots are present but not as abundant 
as above; friable and moist. 

Pebble count: 

35$ igneous, U0$ argillaceous, 15$ dike rocks, 10$ limestone 

Alder thickets 25 to 35 years old 

This area was deglaciated between 1930 and 19^0. The alder grows 
very profusely and attains a height of 2 to 2.5 meters. Cottonwoods 
(Populus triocarpa) and willows are also present. Glades measuring 3 to 
10 meters in diameter and covered by a Dryas mat are common. 

A soil profile was exposed in an alder thicket in an area that was 
probably deglaciated in 1935. A few plants of willow, of Equisetum and a 
cushion of mosses were growing at the site. 

Profile 16 (Fig. 11) 

Depth Horizon Morphology 
(cm) 

3-0 01 Dead leaves of alder only partially decomposed. 
The lower part of this layer shows more decomposi
tion, and a thin humus layer is formed. Numerous 
roots and rootlets are present. 

0-k Al A dark gray-brown (10YFA-/2) sandy loam horizon, 
single grained, moist, loose and friable. Roots 
are abundant and form a fibrous mass; clear and 
sharp boundary. 

k-10 CI Gray (N5/l) sandy loam, gritty and pebbly, very 
weak platy structure. Vertical cleavage lines 
tend to yield blocky units; friable and moist; 
clear and smooth boundary. 

10-16 C2 Gray (N5/l) and dark gray (N4/l) sandy loam, 
gritty, very weak platy structure with vertical 
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cleavage lines. When broken the soil yields 
blocky and granular units. 

Dense thickets 35 to ^5 years old 

In this area which was deglaciated between 1920 and 1930, vegetation 
is represented by a heavy growth of alder trees 3 to 5 meters high, inter
spersed with black cottonwoods and a few seedlings of Sitka spruce (Picea 
sitchensis). A soil profile was exposed in an area which was probably 
deglaciated in 192U. 

Dense mature alder thickets 55 to 75 years old 

Among areas deglaciated between I89O and 1910, the one chosen for soil 
study was in the Klotz Hills, a complex of bedrock knobs partially covered 
by till and glacial fluvial deposits (see Fig. 9, Trautman this volume). 
The soil profile was exposed at 150 meters (500 ft) in a mature stand of 
alders 6 to 8 meters high. The well-spaced alder trees, about 25 centi
meters in diameter, have an average age of 25 years and are over-topped by 
black cottonwoods. Spruce trees are less common in the area than cotton-
woods . 
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Profile 1 

Depth Horizon Morphology 
(cm) 

7-h 01 Dead leaves of alders and small twigs undecomposed. 

k-0 02 Partially decomposed to well-decomposed and humified 
layer. The lower part, which is the well-humified, 
consists of dark and fine humus which has a greasy 
feel. Roots are abundant. 

0-10 Al Very dark brown (10YR3/2) and dark brown (IOYR3/3) 
loamy sand, single grained, loose, moist with roots, 
smooth and abrupt boundary. 

10-22 CI Dark gray, (N^/l) sandy loam, weak platy structure 
with plates 1 to 2 mm thick, roots present, friable, 
moist, smooth and clear boundary. 

22-50 C2 Gray (N5/l) sandy loam, weak to very weak, platy 
structure with single plates 2 to 3 mm thick, a few 
vertical cleavage lines. Roots are fine, friable 
and moist. 

Pebble count: 

66$ igneous, 18$ argillaceous, 18$ dike rocks, 0$ limestone. 



Dense alder thickets with interspersed spruce trees 85 to 95 years old 

This area, located south of Adams Inlet (Fig. l), was deglaciated be
tween 1870 and 188O. Limited to a narrow band of land between the shores 
of Muir Inlet and the lower slopes of Mt. Wright, the area of study con
sists of a series of morainic ridges arranged in concentric arcs. In 
some of the morainic ridges close to the shore, soil development has not 
progressed beyond the stage as previously described for the Klotz Hills. 
In the ridges closer to the mountain slopes, the soils appear to be more 
developed and Brown Podzolic soils are found. Soils formed under spruce 
or alder show no visual differences. A soil profile formed under a spruce 
about 5k centimeters in diameter and estimated to be 30 years old is 
described. Alders dominate the area and there were 8 spruce trees in a 
20 x 20 meter quadrat. The shrub layer was represented mainly by Sambucus 
spp. and among the herbs, Streptopus spp. and Dryopteris spp. prevailed. 
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Profile 6 (Fig. 12) 

Depth Horizon Morphology 
(cm) 

6.5-3.5 01 Old leaves and dry twigs only partially decomposed. 

3.5-0 02 Well-decomposed homogeneous layer with black loose 
humus. In the lower part, the humus has a greasy 
feel. Roots are abundant. 

0-5.5 Al Dark reddish-gray (5YF-V2) sandy loam with cobbles, 
single-grained, loose and friable, moist with 
numerous roots. Boundary smooth and clear. Cob
bles are stained underneath. 

5.5-10 A-B Reddish-gray (5YR5/2) sandy loam, pebbly, weak 
platy structure, friable, moist, a few roots. 
Smooth and clear boundary. 

10-16 CI Gray (W5/l) sandy loam, pebbly, weak platy struc
ture, friable, moist with a few roots . Smooth 
and clear boundary. 

16-50 C2 Gray (N5/l) sandy loam, gritty, weak platy struc
ture, firm and massive in places; moist, roots 
are scarce. 

Pebble count: 

kcrfo igneous, k3% argillaceous, 13$ dike rocks, hrfo limestone 



No analytical date are provided for this profile. 

Older terrains outside Huir Inlet area 

Additional information on the soils of the region was obtained in an 
area north of Beartrack Cove (Frontispiece) which was probably deglaciated 
between 1730 and I83O (Fig. 13). The observations were made on a series 
of morainic ridges covered by a spruce forest, but which also contain a 
few alder trees. Podzols and Brown Podzolic soils occurred in the area, 
the Podzols on the north-facing side of the ridge and the Brown Podzolic 
on the south. However, not enough observations were made to support this 
relation between soil types and exposure. 

The description of a profile of a Brown Podzolic soil follows: 

Profile 85 (Fig. ik) 

Depth Horizon Morphology 
(cm) 

20-15 01 A poorly decomposed fibrous mat including dead and 
living mosses with abundant roots. 
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Profile 37 

Depth Horizon Morphology 
(cm) 

13-8 01 A mixture of spruce needles and alder leaves unde-
composed; moist. 

8-0 02 Well to moderately decomposed. The lower part of 
this horizon is better humified and more homogenous. 
Fine in texture; roots are abundant; moist. 

0-2 Al Black to very dark brown (10YE3/2), loamy, loose 
and friable, abundant roots, clear and irregular 
boundaries. 

2-10 B Dark brown (lOYB.U/3) sandy loam, single grained, 
loose and friable, moist. Clear and sharp boundary. 

10-18 CI Dark gray (lOYHU/l) sandy loam, weakly structured 
with plates 3 mm thick, friable, moist, roots; 
clear and smooth boundary. 

18-32 C2 Gray (N5/l) sandy loam, weak to very weak, platy 
structure. The thickness of the peds is irregular, 
moist. 



15-0 02 A well-decomposed and humified layer, black in 
color, fine in texture with a greasy feel. 
Rooted and moist. 

0-1,2,3, Al? A black, discontinuous and irregularly thick 
horizon. Loamy, but probably not containing 
enough mineral matter to be considered a mineral 
horizon. 

1-12 B Dark reddish-brown (5YR3/U) loamy sand; gritty 
with single grained structure, but in places it 
shows a very weak platy structure; roots are 
present; irregular and gradual boundary. 

12-55 C Gray or dark gray (N5/1 or NU/l) sandy loam, 
pebbly with a weak platy structure, moist. 

Pebble count: 

an equal amount of igneous, argillaceous and dike rocks, but no 
limestone. 

Bartlett Cove, situated almost at the entrance to Glacier Bay (Front
ispiece), was deglaciated between 200 and 300 years ago (Goldthwait, 1963) 
and is now covered by a mature forest of Sitka spruce, western hemlock 
(Tsuga heterophylla) and associated species (Fig. 15). A number of soil 
profiles were exposed on the terminal moraine left by the Little Ice Age 
glaciers. The soils observed (10 profiles) were all Podzols with the 
exception of two Brown Podzolic soils. The description of a Podzol is as 
follows: 

Profile 9k (Fig. 16) 

Depth Horizon Morphology 
(cm) 

20-10 01 Forest litter showing some stratification, fibrous 
and partially decomposed. Roots are present; the 
material is moist and light. 

10-0 02 Well decomposed, black humified material, fine in 
texture with greasy feel, moist. 

0-3 02/A2 Dark gray (Nl/l) and black sandy loam showing in 
places a salt and pepper effect, single grained, 
a few roots, wavy and clear boundary. 

3-I3 Bir Dark reddish-brown (5YR3/U) sandy loam with pebbles 
and small cobbles, a very weak platy structure, 
moist, firm with a few roots, smooth and clear 
boundary. 
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13-50 C Dark gray (NU/l) loamy sand, gritty with small 
pebbles and a few roots, a very weak platy struc
ture; moist and friable. 

Pebble count: 

mainly igneous. 

RESULTS OF FIELD OBSERVATIONS 

The prevalence of a maritime climate results in high relative humidi
ty, high cloudiness, abundant precipitation and relatively moderate temper
atures (Crocker and Major, 1955; Loewe, this volume). Under these condi
tions, colonizing vegetation grows profusely, the leaching potential in 
the soil is maintained at a high level and soil development proceeds at an 
accelerated rate. The development of soil profiler, along the recessional 
transect is shown in Figure 17. 

The first visible sign of soil formation in the area was the appear
ance of an Al horizon. This horizon, distinguished by a gray-brown color, 
has a patchy distribution, and it is found in areas deglaciated approxi
mately 10 years ago and covered by a crust of mosses. The 01 horizon is 
next to appear, and it is found in areas deglaciated about 13 years ago 
and only sparsely vegetated. After retreat of the ice, it takes about 30 
years before a thin humified layer, the 02 horizon, is produced below the 
dry and partially decomposed alder leaves. Within the first kO years the 
Al horizon reaches its maximum thickness; afterward it decreases, and it 
becomes indistinct after 150 years. 

The first appearance of an incipient B horizon was observed in the 
area deglaciated 55 years ago. The 'color' B horizon, only k centimeters 
thick, appeared at the bottom of the Al horizon and it seems to grow up-

In areas deglaciated 85 years ago there were profiles where the whole 
Al is replaced by a B horizon, which starts directly below the 01 horizon. 
In this area, however, other profiles still show an Al or a transition 
Al/B horizon. In areas deglaciated for about 150 years, and possibly more, 
the A2 horizon makes its appearance. Its depth seems to remain fairly 
constant for the next 100 years. 

In terms of the total weight of the forest floor per unit area, it 
appears that the accumulation of the forest floor steadily increases to 
a maximum for the first 150 years, after which the curve levels-off and 
the accumulation apparently remains constant (Fig. l8A). If this reces
sional sequence could be projected further in time it would be possible 
to observe whether the 150 to 250-year stage represents the steady state 
or the apex for the accumulation of the forest floor under this particular 
environment. The thickness of. the 01 horizon (Fig. 18B) indirectly sug
gests that this curve may eventually decline. The 01 layer attains its 
maximum thickness in the 150-year-old surface where alder trees and other 
understory plants are still living and are contributing to the build-up 
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of the floor. The 02 layer, however, appears to lag somewhat behind the 
01 layer (Fig. 18 B ) , suggesting that accumulation occurs at a faster 
rate than decomposition. Furthermore, whereas the floor of the alder 
forest consists almost entirely of leaves or twigs and very few mosses, 
most of the floor of the mature spruce forest is made up mainly of living 
and dead mosses rather than conifer needles or branches. Other character
istics of the forest floor will be discussed under the chemical properties 
of the soils. 

RESULTS OF ANALYTICAL DETERMINATIONS 

The analytical data presented in this study can be calculated on 
three different bases: percentage weight, volume, and percentage of loss 
on ignition-free weight. Obviously, the absolute values obtained by the 
three methods are dissimilar, and although the trend within the profile 
is not always consistent, the trend along the recessional sequence is 
not affected. Thus, for example, the cation exchange capacity of the 
surficial layer of profile 38 (area deglaciated in i960) is 5 meq/100 g 
of soil. The same parameter for the surficial horizon (Al) of profile 6 
(area deglaciated in I89O-I9IO) is 10.1 meq/100 g of soil. However, when 
the cation exchange capacity of the two horizons is calculated on a 
volume basis, profile 38 has a value of L.5 meq/100 cm3 of soil, and pro
file 6 of 5.0 meq/100 cm3 of soil. The same is true within each of the 
profiles where the density of the fines changes with depth. The clay 
content in the Podzol, when calculated on the volume basis, shows a 
definite accumulation in the B horizon, which would not be so pronounced 
if the calculations were based on the weight. 

In the following discussion the data used for interpreting the re
sults were obtained on the basis of the weight percentage. The data ob
tained on a volume basis have been used to prepare Figs. 18, 19B, 20, 21 
and 22. As previously mentioned, the absolute values between the data 
expressed on weight and volume bases differ but the trend is consistent 
in both. Because mineralogical data are not available, the composition 
of the parent material is inferred from the pebble counts obtained in 
the field. Furthermore, because of this limitation, the net changes in 
the weight of some of the components as a result of soil formation cannot 
be computed. 

Physical properties of the soils 

The particle size distribution of the samples through the recessional-
sequence, shows a fair degree of uniformity (Table l). The differences 
are ascribed to (a) variations in the original parent material, (b) surfi
cial washing, and (c) frost mixing of the till soon after deposition. The 
Regosols, the incipient podzolic, the podzolic, and the podzolized soils 
are evidently too young to have developed a textural horizon. Textural 
differences imposed by the soil-forming processes must, therefore, be minor. 
Sandy textures predominate throughout, with fine silt being the next 
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Table 1. Mechanical Analysis of Samples Through Recessional Sequence, Glacier Bay, Alaska 

•fc-

Age 
yrs. 

-

5 

2U 

1*1 

55 

150 

250 

Profile 

17 

36 

15 

1 

6 

85 

94 

Horizon 

1 

1 
2 
3 

Al 
CI 
C2 

Al 
CI 
C2 

Al 
A-B 
CI 
C2 

B 
C 

02/A2 
Bir 
C 

Depth 
cm. 

0-6 

0-6 
6-15 
15-22 

0-2 
2-lU 
11.-18 

0-10 
10-22 
22-33 

0-6 
6-11 
11-16 
16-26 

0-12 
12-55 

0-5 
5-10 

10-20 

2.0-
1.0 
ram 

$ 
35.0 

19.8 
17.2 
15.1 

12.9 
10.1 
15.5 

27.3 
13.6 
12.1 

15.7 
l';.l 
11.3 
12.5 

18.0 
15.7 

3.7 
10.7 
16.0 

1.0-
0.5 
ram 

22.0 

lh.2 
15.0 
1U.2 

12.1. 
9.8 

13.5 

27.2 
11.. 1* 
13.1. 

15.3 
13.'. 
12.8 
12.1 

22.6 
17.1* 

7.2 
1'*.9 
17.1 

S 

0.5 
0.25 
mm 

10.8 

8.0 
8.1. 
8.0 

7.9 
7.0 
8.5 

12.8 

9.6 
8.9 

9.9 
9.1 
9.1* 
8.3 

13.3 
10.8 

7.9 
11.7 
13.1. 

and 

0.25-
0.10 
mm 

16.3 

13.1 
ll».!» 

13.9 

16.5 
16.1. 
ll. .7 

lh .6 
15.9 
15.2 

J6.2 
15.6 
15.6 
13.7 

16.3 
17.5 

16.5 
18.9 
22.5 

0.10-
0.05 
mm 

7.3 

9.7 
12.7 
11.0 

16.8 

19.1 
11.9 

5.6 
10.1 
10. k 

10.5 
10.1* 
10.1. 
9.2 

8.3 
11.0 

12.5 
10.2 
11.6 

Total 
2.0-
0.05 
mm 

i 
91.1* 

6k. 8 
67.7 
62.2 

66.8 
62.1. 
6U.1 

81. .6 
63.6 
60.0 

67.6 
62.6 
59.5 
55.8 

78.5 
72.1* 

1.7.8 
66.2 
80.6 

0.05-
0.02 
mm 

1.'. 

5.1* 
2.6 
9.1* 

ll+.l* 
15.7 
1..6 

2.5 
1.6 
1..8 

k.k 
k.l 
3.'. 
3.7 

3.8 
U.5 

18.7 
8.3 
2.7 

Silt 

0.02-
0.002 
mm 

k.2 

23.5 
23.7 
22.6 

15.8 
16.5 
23.6 

10.6 
27.3 
27.9 

23.2 
26.7 
28.5 
28.2 

13.8 
17.1* 

30.0 
21.5 
12.9 

Total 
0.05-
0.002 
mm 

5.6 

28.9 
27.1 
32.0 

30.2 
32.2 
28.2 

13.1 
28.9 
32.7 

27.6 
30.8 
31.9 
31.9 

17.6 
21.9 

1*8.7 
29.8 
15.6 

0.002-
0.0002 
mm 

<*> 
1.1* 

5.2 
1..8 
1..1+ 

2.3 
1..5 
7.1 

2.2 
6.9 
6.3 

3.8 
'..9 
7.0 
10.0 

2.7 
U.7 

2.2 

3.3 
2.0 

Clay 

<0.0002 

mm 

i 
1.6 

1.1 
1.2 
1.1* 

0.7 
0.9 
0.6 

0.8 
0.6 
1.0 

1.0 
1.7 
1.5 
2.3 

1.2 
1.0 

1.3 
0.7 
1.8 

Total 
<0.002 

mm 

1 
3.0 

6.3 
6.0 
5.8 

3.0 
5.'+ 
7.7 

3.0 
7.5 
7.3 

It.8 
6.6 
8.5 
12.3 

3.9 
5.7 

3.5 
1..0 
3.8 

Textural 
Classes 

Sand 

Sandy loam 
rr 11 

•1 11 

Sandy loam 
11 11 

•1 11 

Loamy sand 
Sandy loam 
Sandy loam 

Sandy loam 
n 11 

11 11 

11 11 

Loamy sand 
Sandy loam 

Sandy loam 
11 11 

Loamy sand 



prominent fraction, and clay being consistently low. Bulk density values 
for the fine earth (< 2 millimeters) appear rather low; however, they are 
consistent within each profile (Fig. 19B). The values reported by Crocker 
and Major (1955) for the same region are considerably higher, and probably 
close to the actual values. These discrepancies can be attributed to the 
different techniques used. In this study no core samplers were employed; 
the volume of the soil in situ was determined by cutting blocks of definite 
area and depth. The thickness of these blocks was controlled by the depth 
of the horizon sampled. Large amounts of skeletal material and the inabili
ty to control the exact size of the blocks could have contributed to ex
perimental errors. The trend over the recessional soil sequence is similar 
to the one obtained by Crocker and Major (1955). A plot of the bulk den
sity of the surficial horizons versus time shows that the former decreases 
as the age increases (Fig. 19B). The decrease in bulk density with time 
is attributed to the incorporation of progressively large amounts of 
organic material in the mineral soil, root development and insect tunneling. 
The highest bulk density among the surficial horizons are recorded in pro
file 38, which is formed in the recently deglaciated areas and is devoid 
of a surficial organic horizon. 

Chemical properties of the soils and forest floor 

No single factor can account for the chemical changes introduced in 
the unweathe.red substratum. However, the establishment of plants and 
intensive leaching seem to play important roles in altering the soil 
material. As Crocker and Major (1955) have shown, bare surfaces tend to 
retain a high pH even if exposed to leaching effects. They also showed 
that, among the different plants, alder has a remarkable acidifying 
effect. A similar study by the present writer also revealed that, for 
contemporaneous surfaces colonized by different types of vegetation, the 
pH values of the 0-3 soil layer were 6.5 for alder, 6.8 for Dryas, and 
7.0 for mosses. The pH-time function for the entire recessional sequence 
and for the surficial soil horizons (Fig. 19C) shows the rapidity with 
which the reaction is lowered in the first 55 years. Although the acidi
fication of the soil continues after the first 55 years, it takes between 
150-200 years for the lowering of the pH by the next two units. The 
samples in the areas deglaciated up to 55 years ago were collected ex
clusively under alder trees. The sample from a 250-year-old surface was 
obtained under the spruce-hemlock forest. Concomitant with the lowering 
of the pH, the content of carbonates decreases (Table 2 and Fig. 20A and 
20B). AS pointed out previously, the leaching becomes more effective 
under a vegetative cover; however, there is a distinct loss of carbonates 
at the surface of the soil in barren areas. An indication of the selective 
removal of carbonates is apparent in the ratios of calcite to dolomite 
(Table 2). These ratios tend to decrease as the age of the soil increases, 
indicating that calcite leaches more readily than dolomite. This trend 
holds true for all horizons, even for those that megascopically seem to be 
unaffected by soil-forming processes. Evidently, the chemically-unaltered 
material occurs considerably lower than the depth of the solum, as measured 
by the standard visual techniques. Werner et al. (1961) found that in 
Ohio the unleached material is at least 76 centimeters below the initial 
points of effervescence. 
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Table 2. Chemical Properties of the Soils as a Function of Time, Glacier Bay, Alaska, 1965 

Age, 
Y r s . 

— 

5 

2k 

in 

55 

150 

250 

P r o f i l e 

17 

38 1 
2 
3 

15 Al 
CI 
C2 

1 Al 
CI 
C2 

6 Al 
A/B 

CI 
C2 

85 B 
C 

9k 02/A2 
Bi r 
C 

Depth 
cm 

0-6 

0-6 
6-15 

15-22 

0-2 
2 - l l 

l l+- l8 

0-10 
10-22 
22-33 

0-6 
6 -11 

11-16 
16-26 

0-12 
12-55 

! 0-5 
5-10 

10-20 

C a l c i t e 
p e t . 

0 .5 

2 . 1 
2 . 8 
3.k 

0 .3 
1.2 
2 . 3 

0 . 1 
0 .5 
1.9 

0 . 0 
0 .5 
1.2 
2.k 

0 . 1 
0 . 1 

0 . 1 
0 .2 

Dolomite 
p e t . 

O.k 

1.2 
1 .1 
1.1+ 

0 .3 
0 . 9 
1.3 

0 . 1 
0 . 5 
1.2 

0 . 3 
0 . 7 
0 . 8 
1.3 

0 .3 
o.k 

0 . 3 
0 . 3 
0 . 3 

C a l c i t e / D o l o m i t e 
r a t i o 

1.7 
2 . 5 
2 . 1 

1.0 
1.3 
1.7 

0 .2 
1.0 
1.6 

0 .7 
1.5 
1 .8 

0 .3 
0 .2 

0 .3 
0 .6 

T o t a l 
Carbonate 

p e t . 

0 .9 

3.1 
k.l 
k.9 

0 .6 
2 .2 
3 . 7 

0 .5 
1.0 
3 .2 

0 . 3 
1.2 
2 . 1 
3 . 8 

O.k 
0 .5 

O.k 
0.6 
0 .3 

C.E.C. 
meq/100 g 

2 . 1 

5 .0 
5 .0 
5 .0 

k.o 
5.0 
5 .0 

6.k 
6.k 
6 . 0 

1 0 . 1 
k.k 
k.o 
k.o 

7 . 8 
6 . 0 

1 6 . 6 
1 2 . 7 

6 . 3 

Exchangeable Ca t i ons 
H+ Na+ K+ Ca++ 

meq/100 g 

0 . 0 T r . 2 . 0 1.0 

0 . 0 T r . 1.3 1.0 
0 . 0 T r . 1.3 1.0 
0 .0 0 . 1 2 . 0 3-3 

0 .6 T r . 0 .13 2 . 2 
O.k T r . 1.30 3 .0 
0 . 0 T r . 2 . 0 0 3 .2 

1.7 0 . 1 0 .70 3 .0 
2 . 1 T r . 0 .70 3 .0 
1.0 T r . 1.30 3 . 1 

5 .2 T r . 0 .13 3 . 8 
0 .6 0 . 1 0 .70 3 .0 
0 .2 T r . 1.20 3 .0 
0 . 0 T r . 1.30 3 .0 

3 .3 0 .5 0 .10 k.0 
1.8 T r . 0 . 10 5 .0 

1 3 . 6 T r . 0.A7 1.3 
11.1+ T r . 0 .17 0 . 9 

2 . 6 T r . 0 .10 2 . 0 

Free 
F e 2 0 3 

p e t . 

0 . 2 1 

0.21+ 
0 . 3 8 
0 .33 

0 . 5 ^ 
0.1+0 
0.1+0 

0 .38 
0 .30 
0.1+0 

0.1+8 
o.i+l 
0.1+5 
0.1+0 

0.51+ 
0.1+5 

0 .50 
0 .63 
0.1+7 

4^ 

Tr. • Trace < 0.05 



Cation exchange capacity of the soil surface increases rather slowly 
during the 5 to Ul-year period, but almost doubles at the 55-year mark and 
tends to increase thereafter (Table 2 and Fig. 21). This trend seems to 
be explained better if the values and distribution of the exchange capa
city are related to the accumulation of organic matter in the soils. This 
relation seems more valid, in this case, than the one between exchange 
capacity and percent and distribution of clay. Because it takes about 50 
years before sizable amounts of organic matter become incorporated in the 
upper mineral soil horizons, no substantial increase of exchange capacity 
is observed in the young soils. Furthermore, because the translocation 
of organic compounds in the profile is a slow process, only the surficial 
soil horizons seem to be affected by the progressive increase of cation 
exchange capacity with time. It probably takes 100 years before the 
organic colloids which have penetrated the B horizon become effective in 
the processes of exchange. The summation of the exchangeable bases for 
each profile along the entire recessional soil sequence remains rather 
constant, only the Podzol shows a marked depletion of bases (Table 2). 
On the other hand, the exchangeable hydrogen has increased from 0.0 
millequivalents in the 5-year-old soil to 13.6 in the 250-year-old Podzol 
(Table 2 and Fig. 2l). The increase in cation exchange capacity in the 
sequence has been virtually taken up by an equivalent increase of ex
changeable hydrogen. A corresponding situation was observed by Dickson 
and Crocker (195*0 °n Mount Shasta in California. Because cation exchange 
capacity is controlled by the content of organic matter and because, in 
turn, the exchangeable hydrogen is a function of the exchangeable capacity, 
it would appear that in this case, the organic matter is the source of the 
acidity in the soil. The lack of appreciable depletion of calcium at the 
surface of the soil in the first 55 years suggests that some of the 
calcium is recycled from the litter zone. Magnesium was not determined, 
but an indication of its abundance can be obtained by subtracting the sum 
of the bases and hydrogen from the total cation exchange capacity. It 
seems that with the exception of the 250-year-Old profile the rest of the 
soils are not well supplied with magnesium. Potassium is more abundant 
in the young soils and it is depleted with time. Sodium is present only 
as traces. The free iron oxides in the first 55 years of the soil sequence 
appear rather constant in the profiles (Table 2 and Fig. 20C). A slight 
increase of free iron oxides in the surface horizons could indicate a 
temporary chelation of the iron by the organic matter or may reflect 
mineralogical differences in the soil material. The incipient B horizon 
recorded in the 55-year-old soil does not show a distinct accumulation 
of free iron oxides. More accumulation is evident in the B horizon in 
the 150-year-old soil, and definitely in the 250-year-old profile. The 
ferrous iron values are not reported here, however, because of well-
drained conditions; their magnitude was very low and was not significantly 
different among the soil profiles. 

The accumulation of organic carbon and nitrogen in the Glacier Bay 
region has been extensively discussed by Crocker and Major (1955). The 
present study tends to confirm the generalizations obtained by these 
authors. For example, the total amount of litter accumulated at different 
times in the sequence compares very closely with their values. There is 
a progressive increase of organic carbon in both the forest litter and 
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the soil with increasing time (Fig. 22 and Table 3)« Judging from the 
forest floor distribution, one might suspect that the organic carbon in 
the litter reaches its maximum probably 100 years before the soil maximum. 
This point cannot be proven because, of the two profiles of the 150-year-
old terrain, only one, the lowest in organic matter, was analyzed. How
ever, if this is so, the increase of carbon in the soil is only due to a 
redistribution of carbon from the forest floor to the soil and not to a, 
net increase in the profile. The absence of a second organic carbon 
maximum in the profile of the Podzol indicates that the B horizon is a 
color B, and that it takes more than 250 years to develop an illuvial 
humus horizon. Nitrogen content in the litter, expressed on an area basis, 
attains a plateau between 55 and 150 years and then declines (Fig. 22). 
When, however, nitrogen content is estimated on the basis of weight per
centage, the maximum attained by this element is in the 55-year-old 
mature alder forest (Table 3). The litter of the 150-year-old terrain 
appears to be as rich in nitrogen as the forest floor of the 55-year-old 
forest because its volume is much larger (Fig. 22). Much of the nitrogen 
seems to be confined to the forest floor, and its migration in the mineral 
soil lags behind. Consequently, when the mineral soil acquires its maxi
mum nitrogen content, the nitrogen in the forest floor has already declined 
(Table 3)» The depletion of nitrogen in the forest floor with time is 
indicated by the increasing values of the carbon:nitrogen ratio (Table 3 
and Fig. 19A). This ratio in the mineral soil does not show any definite 
trend with time, but as one would expect, it is lower than those of the 
forest floor. The increase of the carbon:nitrogen ratios in the litter 
zones with time may indicate that at the end of the 250-year sequence the 
organic residues are still going through additional decomposition and have 
not reached an equilibrium. 

DISCUSSION 

A sequence of ecosystems has developed in the Glacier Bay area along 
with the deglaciation stages that were initiated at the end of the Little 
Ice Age. Although time is the independent variable common to all the 
deglaciated areas, there is another variable, the biota, which is not con
stant throughout the recessional sequence (as documented in this volume). 
Therefore, soil formation and development is not solely a function of time. 
The absence of Podzols in the alder forest, contrasting with the presence 
of Podzols in the conifer forest would tend to indicate that there is a 
mutual, relationship between the simultaneous appearence of Podzols and 
conifers. If so, then soil development and the biotic complex would be 
mutually interdependent and time would not be the only independent variable. 
Thus, it was recognized that there is a stage in the recessional sequence 
where the biotype is constant, time is the only variable, and soil develop
ment approaches a chronofunction. The pedological significance of this 
chronofunction is that it coincides with the ontogeny of a Podzol. In 
the plant succession, the same chronofunction ends with the replacement of 
the alder with the spruce-hemlock forest. In a study of this chronofunction 
one can establish the stages, as expressed by the physical and chemical 
changes of the soils, through which a steady state maybe reached. This is 

h9 



Table 3. Chemical Properties of the Soils as a Function of Time, Glacier Bay, Alaska 

Age 

years 

5 

24 

kl 

55 

150 

250 

Profile 

17 

38 

15 

1 

6 

86 

96 

l 

l 
2 
3 

01 
Al 
CI 
C2 

01 
02 
Al 
CI 
C2 

01 
02 
Al 
A/B 
CI 
C2 

01 
02 
B 
C 

01 
02 

02/A2 
Bir 
C 

Depth 

cm 

0-6 

0-6 
6-15 
15-22 

2-0 
0-2 
2-14 
14-18 

7-k 
k-0 
0-10 
10-22 
22-33 

6-3 
3-0 
0-6 
6-11 
11-16 
16-26 

20-15 
15-0 
0-12 
12-55 

20-10 
10-0 
o-5 
5-10 
10-20 

PH 

7.4 

8.2 
8.4 
8.4 

5.2 
6.3 
8.2 
8.2 

4.9 
k.6 
6.2 
7.4 
8.0 

k.k 
5.1 
5.9 
7.4 
8.0 
8.1 

4.0 
k.k 
5.9 
7.7 

4.0 
3.7 
4.4 
4.8 
5.8 

Organic 
Carbon 
pet. 

.12 

.12 

.06 

.06 

49.10 
1.00 
.20 
.06 

53.70 
36.20 

.84 

.61 

.30 

41.50 
53.70 
2.59 
.41 
.30 
.31 

52.20 
27.55 
1.04 
.46 

56.20 
50.00 
7.71 
2.03 
.64 

Nitrogen 

pet. 

ND* 

ND 
ND 
ND 

2.12 
.04 
ND 
ND 

1.81 
1.77 
.03 
.02 
.01 

2.33 
2.54 
.09 
.01 
.02 
.01 

1.09 
1.00 
.05 
.02 

.95 

.96 

.37 

.05 

.03 

C/N 

pet. 

____ 
— — 

23.1 
25.0 

29.1 
20.5 
28.0 
30.5 
30.0 

17.8 
21.1 
28.8 
41.0 
15.0 
31.0 

47.8 
27.6 
20.8 
23.0 

58.9 
52.1 
20.8 
40.6 
21.3 

L.I.** 

pet. 

1.7 
1.6 
2.0 

2.3 
1.5 
2.4 

2.5 
1.9 
2.2 

4.0 
1.9 
2.0 
2.4 

3.8 
2.2 

13.0 
5.4 
2.8 

*ND = not detected 

**L.I. = loss on ignition 

Table 1. Chemical properties of soils as a function of time 
at Glacier Bay. From Ugolini (1966). 



equivalent to telescoping the ontogenetic cycle of a soil in equilibrium 
with the climate and the biota of the region. The soils which constitute 
in a continuous series the intermediate members between the Regosols and 
the Podzols show also that the philosophical'concept of time as a continuum 
is well exemplified in a chronofunction. 

Because, in this case, there is not a reliable way of dating the ablation 
till, sample 17 cannot be considered within the chr'onofunction; its composi
tion, however, reveals an important pedological aspect of the deglaciated 
areas. During the processes of deglaciation ablation till and basal till be
come admixed, with the ablation till generally overlying the .basal till. The 
ablation till resting on the Casement Glacier is very shallow, coarse tex
tured (Table 1), has a lower pH, and contains less carbonates than the bottom 
till (Table 2). In general, it appears scarcely weathered and poorly supplied 
with organic matter (Table 3). However, this may not always be the case. 
Mervin E. Stevens of the Forest Service (oral communication) observed ablation 
till supporting a growing forest in the western part of Glacier Bay National 
Monument, and even on the Casement Glacier itself, there are limited areas 
where mosses are growing. Even more dramatic is the superglacial forest of 
Sitka spruce of Malaspina Glacier. By observing the numerous glaciers in the 
area it seems that only when the glaciers become stagnant does the ablation 
till appear prominent. It takes some time, however, before the terminus of 
a glacier becomes extensively covered with debris. The McBride Glacier, 
for example, became grounded only recently and the upper surface of the 
ice is still free of drift with the exception of medial and lateral 
moraines. From 1910 (approximately the year the Casement Glacier became 
grounded) to I965 the quantity of ablation till deposited had progressively 
increased, but judging from the cross sections examined in the recently 
deglaciated areas, it has not yet produced a definite layer. Its contri
bution seems to be limited to angular boulders and stones scattered on 
top of the bottom till. If more ablation till is produced with progressive 
stagnation, eventually a thicker layer of till can be formed, which is 
thick enough to allow soil to form and plants to grow. The ultimate dis
charge of weathered and organic-rich ablation till on the basal till must 
have a considerable impact on the ecology of the deglaciated areas. Be
cause the basal and ablation till are not always lithologically consistent 
and probably weather differently, the soils on a deglaciated area can 
show differences even if derived from the same ice mass, covered by the 
same vegetation, and exposed to the same climate. These considerations 
are significant for areas deglaciated before historic time or where re
cords are not available. For example, a soil study along a transect in 
an area deglaciated, during Wisconsin time may not follow the expected 
correlation between soil development and age of the glacial deposits. 
The mixing of well weathered organic-rich ablation till with raw basal 
till may possibly reverse the sequence so that the younger soils may be 
more weathered than the older ones. 

A recapitulation of the morphological, physical and chemical changes 
involved in soil formation is necessary to produce a clear picture of the 
dynamics of the pedological process along the chronofunction. A number of 
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physical and chemical alterations, such as consolidation, internal slump
ing, desiccation, structure rearrangement, and leaching are probably 
acting contemporaneously on the freshly deposited till. Leaching pro
cesses, which become more effective in the presence of plants, are also 
active under barren conditions. Carbonates start to be depleted during 
this phase and the cryopedological processes attain their maximum ex
pression. Following the establishment of plants, organic matter enters 
into the mineral system and a dark gray-brown coloration is imparted to 
the soil surface. Thus, the Al horizon is initiated. Contemporaneously, 
the pH is lowered and the cation exchange capacity is increased. The 
deposition of organic matter on the surface originates a new layer, the 
01 horizon. Starting with this stage the mineral soil becomes enriched 
in nitrogen, which is fixed by the alders. In the next phase (after 
about 1+0 years) enough organic matter has accumulated to form a humified 
layer, the 02 horizon. Cation exchange capacity has doubled and the ex
changeable acidity has increased five-fold. The pH is lowered further 
and a pH-exchangeable hydrogen relation becomes apparent. An incipient 
B horizon appears in the lower part of the Al horizon by 55 years. 

In the next stage, from 55 to 250 years, the pH of the litter and 
of the soil is lowered still further in the soil from I+.7 to 3.8 and in 
the litter from 5.9 to k,k. The exchangeable H+ and the exchange capacity 
are further increased. During the same period, the exchangeable bases 
appear considerably depleted, the carbonates are al most completely ex
hausted, and there is an accumulation of free iron oxides in the B horizon. 
The apparent density of the fines (< 2 millimeters) is lowered further, 
and there is an increase of organic matter penetration into the soil. 
The A2 horizon makes its first appearance about 150 years after deglacia-
tion. With the replacement of alder by spruce, there is a substantial 
decrease in nitrogen, and the C/N ratio, which had progressively increased 
reaches its maximum value in this stage. In the first 60 years the depth 
of the solum as measured at the bottom of the Al and B horizons increases 
from 0.5 to 11.0 centimeters, but it then increases to 15.0 centimeters 
during the next 190 years. This observation emphasizes that soil forma
tion proceeds downward more rapidly during the initial stage, but as time 
progresses, the process of soil development involves amplification of 
morphological, biological, physical, chemical and mineralogical properties 
of the single horizons. 

The first appearance of the B horizon below the Al suggests that, at 
least morphologically, the B horizon develops from the bottom upward, as 
already reported by Aaltonen, and Mattson (cited by Jenny, 19*+l). Differ
ent opinions are held regarding the legitimacy of calling the surficial 
leached shallow soils of southeastern Alaska Podzols. Chandler (l9*+2) 
first recognized these Soils as Podzols on 1000-year-old surfaces near 
Juneau; Crocker and Dickson (1957) doubted, however, whether these soils 
should be considered typical Podzols. In a later communication Stevens 
(1963) did not hesitate to identify these soils as Podzols and produced a 
detailed description of a profile near the Mendenhall Glacier (Juneau). 
Farther north, in the vicinity of the Nelchina and Tazlina Glaciers, 
southwestern Copper River Basin, Kubota and Whittig (i960) reported Podzols 
on the well-drained sites. 
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The Podzols observed by this writer in the Glacier Bay region in the 
150- and 250-year-old terrain have a bleached A2 horizon, a colored B 
horizon and a shallow profile. The absence of the organic carbon and clay 
maxima in the B horizon and a not-too-well pronounced iron maximum in the 
same horizon, may support the contention that these soils have not as yet 
approached a steady-state condition. The suggestion by Kubota and Whittig 
(i960) that similar soils be classified as nanopodzols as defined by 
Kubiena (1953)> does not seem adequate for the shallow Podzols of Glacier 
Bay. These soils are genetically related, although far less developed, to 
the Cryorthods (Podzols) of the northern part of the Cook Inlet-Susitna 
Lowland, Alaska, reported by Rieger and DeMent (1965), and may approximate 
a shallow phase of the iron-podzols described by Kubiena (1953)• 

whereas the Brown Podzolic soils seem to be a necessary stage in the 
ontogeny of the Podzols, it is not known whether they can coexist indefi
nitely under the same climate and biota. The prevalence of Podzols on 
Brown Podzolic soils at Bartlett Cove seems to indicate that eventually 
the Brown Podzolic soils will disappear. In the absence of additional 
evidence the following diagrams may be suggested: 

Regosols -»Podzolic soils -*Brown Podzolic soils -»Podzols 

or 

Regosols -*Podzolic soils -*Brown Podzolic soils -»Podzols 
-»Brown Podzolic soils 

0 15 years 80-100 years approximately 150 yrs. 250 yrs. 
I I 1 1 1 

Another aspect of this study was the investigation of turf hummocks 
found in the high alpine meadows, patterned ground, and other frost 
features. Turf hummocks are associated with frozen ground, a phenomenon, 
even if postulated, not yet observed in this region. Loewe (this volume) 
estimates that the mean annual temperature falls to the freezing point at 
900 meters. The coincidence of frozen ground with the 900 meter (2800'" 
foot) level may suggest that at this elevation and above it true perma
frost conditions exist. However, one may consider the possibility that 
permafrost is not forming today, but represents a relic from a time when 
the climate was colder. Nevertheless, the irregular distribution of the 
frost table, high below the humus layer of the hummocks and low between 
the hummocks, seems to indicate that frozen ground is forming today. The 
distribution of the frozen ground in these alpine meadows is probably 
discontinuous and the depth of the frost table is likely to be affected by 
the local topography. The origin of the turf hummocks, which were found 
exclusively on flat terrain, seems to be related to a seasonally high 
water table and the growth of mosses. The high frost table that results 
from these conditions becomes in turn protected by the hull of humus which 
acts as an insulator. The term "turf hummocks" used in this text has been 
adopted as a descriptive term to indicate the thick layer of humus cover
ing the frozen mineral core. 
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The sorted nets and the less common sorted stripes found in the re
cently deglaciated areas in front of the Casement Glacier must have origi
nated not only in response to particular climatic conditions, which may 
be defined strictly as periglacial, but also from other local factors. 
These include the barrenness of the area which favors snow removal, the 
abundance of moisture, and the textural heterogeneity of the substratum. 
Some temperature measurements are available for this area, but it is im
possible to establish the minimum temperatures and the number of freeze-
thaw cycles which occur throughout the year. It is suspected, however, 
because of the moderate climate, that the cryopedologic processes are 
mostly effective just preceeding, during and soon after the winter. 
Needle ice formation on the other hand may be more active during spring 
and fall. 

The ubiquitous platy structure found at different depths in the soils 
of Glacier Bay may be further evidence of frost action. This condition 
is very similar to a structure observed in northeastern Greenland that is 
ascribed to ice lens formation (Ugolini, in press). There is evidence 
that, while it persists in all the profiles of the entire recessional 
sequence, the platy structure appears closer to the surface in the recent
ly deglaciated areas and in the young soil members of the chronofunction. 
If this structure is the result of frost action, its occurrence at the 
soil surface in the recently deglaciated areas must be the result of the 
periglacial conditions in front of the Casement Glacier. As these condi
tions become progressively subdued with the establishment of plants and 
ecological successions, the platy structure becomes obliterated by burrow
ing animals and root growth, and with time, it disappears from trie soil 
surface. It survives only at depth. On the other hand, if the platy 
structure, as it is seen at Bartlett Cove, is not a relict condition, but 
is forming today, then its formation is regional and is not restricted 
to the periglacial areas (R. P. Goldthwait, personal comm.). 

Troll (1958) suggests that a specific type of climate named "soil-
structure-climate" is necessary for the formation of patterned ground in 
the mountains. This concept of Troll's is very similar to the zonal con
cept used by the pedologists, in which climatogenic soils are distinguish
ed according to climatic belts. In the Glacier Bay area, the "soil-
structure -climate" occurs at about 900 meters (2800 feet) and above, and 
from a pedological standpoint, the cryopedological processes occurring at 
that altitude should be considered zonal. The cryopedological processes 
in the recently deglaciated areas of Casement Glacier are the result of 
local conditions and are called periglacial. Needle ice is also local, 
but it may occur both in the zonal and the periglacial areas, as well as 
elsewhere. 

CONCLUSIONS 

Following the example of other contributions intended to clarify the 
rate of soil development, a study was made to establish the ontogenetic 
lines of Podzol formation. A certain degree of overlap with a previous 
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study made by Crocker and Major (1955) on the soil in Glacier Bay was 
unavoidable; in the present report, however, emphasis was placed on soil 
morphological changes and on other soil properties not previously measured. 
Of the 98 soil profiles examined in the field, only seven were selected 
for analytical study of the soil changes along the recessional stages. 
The profiles within the chronofunction were obtained from comparable 
topographic positions, within the same till sheet when possible, and the 
same biotype. Errors may have been involved in sampling the soil on a 
volume basis, particularly where stony conditions existed. These errors 
may have affected the bulk density values and, consequently, the values 
calculated on the basis of volume. Nevertheless, the resulting trends 
appear to be internally consistent. 

In the course of this study it was found that a Podzol may be formed 
in approximately 150 years and that this soil tends to prevail thereafter. 

Cryopedologic processes are active above the timber line and, at an 
elevation of 900 meters (2800 feet), frozen ground is found. Cryopedo-
logical processes are also effective at low elevations in the unvegetated 
periglacial areas of Casement Glacier. 

A comparison between the ecological conditions in the recently de-
glaciated areas of Glacier Bay with the ones existing in Ohio during 
Wisconsin time leads to some paleopedological speculations as to whether 
the soils of the deglaciated areas of Ohio were the same or similar to 
those of Glacier Bay. They may have been at one time, but because of the 
dynamic nature of the soils, they did not persist. The present soils 
of Ohio may have experienced many evolutionary cycles before they acquired 
their present characteristics. However, in the early stage of development, 
they may have followed the same ontogenetic cycle as the soils of Glacier 
Bay. On the other hand, a direct comparison between the paleoconditions 
in Ohio and the present conditions in Glacier Bay should be discouraged. 
The two regions are situated at different latitudes, and more important, 
Ohio was covered by a continental ice-sheet which had far more wide-
reaching effects on the ecology of periglacial areas than the local valley 
glaciers of Glacier Bay. 
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Figure 1 - Map of Muir Inlet area showing retreat of glacier fronts by 
decades since 1880. Circled numbers indicate locations 
where the soil profiles described and discussed in the text 
were collected. Black squares indicate locations of meteoro: 
logical stations. 
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Figure 2 - Turf hummocks at about 900 m. elevation, Mt. Wright . 

Figure 3 - Cross section of a turf hummock. The tape is resting on the 
frozen mineral core. 
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Figure k - Barren terrain near the terminus of Casement Glacier. 
These areas were deglaciated between 1950 and 1965-

Figure 5 - Soil profile 38. This site was deglaciated about I96O-6I • 
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Figure 6 - Sparsely vegetated areas deglaciated between 19^0 and 1950• 

Figure 7 - Sorted stripes on 15 percent slope. Area deglaciated 
between 19^0 and 1950. 
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Figure 8 - Small solifluction lobe on 10 percent slope. Note the 
pleated configuration of the mossy crust. 

Figure 9 - Sorted nets. Area deglaciated between 19^0 and 1950-
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Figure 10 - Soil profile 15. The 01 layer is only 2 cm. thick; the 02 
layer is absent. The incipient Al horizon is 2 cm. thick. 
The site was deglaciated about 19^1. 

Figure 11 - Soil profile 16. The 01 layer is 3 cm. thick and an incipient 
02 layer is noticeable. The Al horizon is k cm. thick. The 
site was deglaciated about 1935* 
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Figure 12 - Soil profile 6. This soil shows the first appearance of an 
incipient B horizon. The site was deglaciated about 1910. 
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Figure 13 - Spruce forest with a few alder trees north of Beartrack Cove. 
The area was deglaciated about 1820. 

Figure Ik - Soil profile 85, a Brown Podzolic soil. Note the thick 01 
and 02 layers. The B horizon is just below the litter layer. 
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Figure 15 - Mature forest of Sitka spruce and western hemlock at 
Bartlett Cove. 

Figure 16 - Soil profile 9k, a Podzol at Bartlett Cove. The A2 horizon 
is not visible in this picture. 

67 



Figure 17 - Development of soil profiles along the recessional transect. 
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Figure 13-A - The accumulation of the forest floor in the first 150 
years under alder trees and subsequently under spruce-
hemlock forest. 

Figure 18-B - Development of 01 and 02 horizons with time. 
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Figure 19 - Changes of C/N, bulk density, and pH with time. 

A - C/N ratio for 01 and 02 horizons 
B - Bulk density of the fines ( < 2 mm) for the surficial 

mineral horizons 
C - pH for the surficial mineral horizons 



Figure 20 - Distribution of carbonates and free iron oxides as a 
function of depth for soil profiles of different ages. 

A - Calcite; B - Dolomite; C - Free iron oxide 
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Figure 21 - Changes in cation exchange ca
pacity and exchangeable hydro
gen with time for the surfi-
cial mineral horizons. 

Figure 22 - Carbon and nitrogen accumulation in the 
forest floor as a function of time. 
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ABSTRACT 

Plant succession in Muir Inlet, Glacier Bay, Alaska can be divided 
conveniently into eight intergrading stages: I, early pioneer, consisting 
largely of Dryas and Salix seedlings; II, mat stage, in which the Dryas 
forms extensive mats 0,1 to k meters in diameter; III, late pioneer, in 
which the terrain has scattered alder, willow, and poplar shrubs; IV, 
open thicket stage; V, closed thicket stage; VI, poplar-line stage, in 
which poplar emerges above the alder canopy, forming a clearly discernible 
line on the horizon; VII, spruce forest; and VIII, spruce—hemlock forest 
stage. In the Muir Inlet region, the first three stages (i, II, III) 
occupy the deglaciated terrain for 20 to 25 years; 10 more years are re
quired for the transition of open thicket (IV) to closed thicket (v). The 
poplar line (VT) along the east and west sides of Muir Inlet closely 
follows the 1920 positions of the McBride, Casement, and Plateau Glaciers, 
indicating it forms kO to k^> years after deglaciation. It takes at least 
75 to 90 years after deglaciation for a spruce forest (VTl) to supplant 
the alder—willow—poplar closed thicket (v). 

INTRODUCTION 

The first extensive studies of the plant ecology of Glacier Bay, 
Alaska were those of William S. Cooper beginning in the summer of 1916. 
In 1923 Cooper published a vegetation map of the region, devoting special 
attention to Muir Inlet. His map shows patches of alder—willow thicket 
north along the east shore of Muir Inlet to Adams Inlet, along the west 
shore of the inlet as far north as Hunter Cove. The Klotz Hills area on 
his 1923 map was left bare, presumably covered with Dryas and seedling 
willows; and Muir Glacier formed the north end of the inlet approximately 
12 kilometers above Adams Inlet. North of the Klotz Hills, Casement 
Glacier and Plateau Glacier Converged with the Muir Glacier to form the 
east and west shores respectively of Muir Inlet. 

Today the Muir Glacier is over 2k kilometers north of Adams Inlet; 
Casement Glacier has receded more than 3 kilometers to the northeast and 
Plateau Glacier over 10 kilometers to the west, exposing vast areas of 
deglaciated terrain on both sides of Muir Inlet (Fig. l). The extent 
and the nature of the vegetation that has moved into this deglaciated 
region is the subject with which this paper deals. Broadly speaking, the 
mountain avens, Dryas drummondii, an extensive mat-former, has filled in 
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much of the bare and ice-covered terrain shown on Cooper's old map. This 
pioneer has been succeeded by an alder—willow thicket, which in turn has 
been succeeded by a spruce forest that now covers the foreland almost to 
Adams Inlet. 

This successional process, pioneer vegetation being succeeded by 
alder—willow thicket, which in turn is supplanted by spruce and later 
hemlock, has occurred at least once before in Glacier Bay and has probably 
involved the same species. Goldthwait (1963) concluded from radiocarbon 
dating that about 7500 years ago the extent of the glaciers was less than 
at present; it is likely that the void was filled by plants in a succes
sional pattern analogous to that occurring today. A forest of spruce, 
hemlock, and cottonwood evidently covered most of the exposed areas during 
this period of fluctuating temperatures, but it was killed by an ice ad
vance during the Little Ice Age, which lasted nearly 2000 years. The 
ice mass reached its maximum extent in Glacier Bay about 17503 when its 
front came near the mouth of the bay. Thereafter, the ice began to melt 
back rapidly, sometimes at an average of nearly 800 meters per year. 

The manner in which plants become established in the wake of a re
treating glacier depends on factors such as the rapidity of soil formation, 
geomorphology of the area, drainage, and prevailing winds. However, in 
the deglaciated areas of Muir Inlet, plant succession can be conveniently 
divided into eight intergrading stages, an expansion of the three stages 
(pioneer, thicket, and forest) recorded by Cooper (l93l)» These eight 
stages and the major plants constituting them are outlined below. A 
partial list of the plant collections representing each stage is presented 
in Table 1. 

GENERAL STAGES OF PLANT SUCCESSION 

The early pioneer stage (i) consists largely of Dryas and Salix 
seedlings, Equisetum, particularly in the moist spots, and Epilobium, 
particularly in areas where a little sand has collected. For ease of 
reference this stage is considered to terminate when Dryas begins forming 
extensive mats from 0.1 to k meters or more in diameter and roughly cir
cular in outline. Separate mats then begin to coalesce, and as much as 
90 percent of the rough terrain may eventually be covered by Dryas. This 
mat stage (il) grades into a late pioneer stage (ill) in which young 
alders (Alnus incana) and poplars (Populus trichocarpa) generally less 
than 2 meters tall, become established among the willows, so that the 
terrain has a scattered shrub vegetation. 

The alder is a formidable competitor and in a few years it begins 
to dominate the landscape, excluding the Dryas, and eventually forming 
extensive clumps 2 meters or more high. This is the open thicket stage 
(IV), the word "open" implying that it is still possible to walk over the 
terrain with some ease as long as one is willing to forego movement in a 
straight line. 
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Within another decade, the alders have formed a dense cover and ex
hibit thick decumbent, basal branches. This is the closed thicket stage 
(v). The Dryas has disappeared except in rare open areas, and the rank 
understory consists of a few ferns and a variety of small herbs (see 
Table 1). Scattered throughout the alder thickets are willows and 
poplars, which became established before or with the alder, and have 
successfully withstood its encroachment. The poplar, in particular, when 
it reaches a height of about k to 5 meters begins to emerge above the 
alder canopy and to form a clearly discernible line on the horizon. This 
is regarded as the poplar-line stage (Vl) in this historical sequence. 

The next species which appears in the succession pattern, the Sitka 
spruce (Picea sitchensis), is probably the most successful competitor for 
space. It is a slow mover in comparison to the poplar and alder, but it 
has the advantage of being able to persist in the thick alder understory 
as a seedling. Even before the alder has completely closed in the 
terrain, small and scattered young spruce trees begin to grow and persist. 
The spruce becomes the obviously dominant plant about 75 years after de-
glaciation, and a young spruce forest (stage VIl) develops. The alder in 
the meantime begins to disappear, being unable to maintain itself in the 
shade of the spruce and unable to reach the canopy. On the other hand, 
the poplars that had originally become established with the alder do 
maintain their position in the canopy and persist in the spruce forest. 

The spruce forest stage was regarded by Cooper (1923) as the sub-
climax, the final stage (VTIl) being that in which hemlock appears and 
competes successfully with the spruce, so that a mature spruce—hemlock 
forest eventually develops. Only decaying remnants of the alder are now 
evident, and the understory consists of a dense mat of moss and an in
teresting array of herbs and small shrubs. According to Bond (1955)? 
Virtanen et al. (1955)? Virtanen (1957)? Lawrence (1958), and others, 
alder and probably Dryas fix large quantities of atmospheric nitrogen. 
More accumulates than is utilized, so that 70 years after deglaciation 
as much as a ton of nitrogen per acre may have accumulated in the upper 
0.5 meters of soil and leaf mold (Crocker and Major, 1955j Crocker and 
Dickson, 1957)? making possible the support of a mature spruce—hemlock 
forest. 

In the Muir Inlet area only the above-mentioned eight stages of 
succession have occurred to date. However, elsewhere in southeastern 
Alaska a final series of stages consisting of forest deterioration, 
muskeg development and origination of pit ponds takes place over a period 
of centuries. These are discussed by Lawrence (1958), who says that 
Sphagnum, the bog moss, begins to exclude the other mosses typical of a 
coastal forest region. This genus has a tremendous water-absorbing 
capacity, and the forest floor soon becomes soggy, effectively excluding 
air, and probably water also, from the root systems of the giant spruce 
and hemlock. The forest deteriorates and opens up, exposing patches of 
muskeg surrounded by dead and dying spruce and hemlock. An interesting 
final stage is the development of pit ponds. The western skunk cabbage, 
Lysichitum americanum, survives from the forest stage into the muskeg. 
With its leaves up to more than a meter long, this plant effectively 
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overshades the adjacent hog mosses (Turesson, 1916). Pits form, gradually 
deepen, fill with water, and enlarge as further skunk cahhage plants 
arise as offshoots from the parent plants along the pond edge. 

MCBRIDE GLACIER REMNANT AREA 

The early stages of plant succession in the Muir Inlet region can he 
studied conveniently in the vicinity of the McBride Glacier Remnant (Figs. 
1 and 2). In the summer of 19^5, this ice hlock was little more than 
100 meters long, ahout 15 meters wide, and 3 to k meters thick. Using 
the remnant as a hase, walking transects in three different directions 
from the ice were made over the ablation moraine and grooved till. 
General observations were made at 100-meter intervals, and several plots 
1-meter wide by 10-meters long were laid along the transect. The vege
tation in these was observed in detail. 

The following is a summary of the vegetation of one of the transects. 
The first observation made was of a 1 x 10 meter plot beginning at the 
middle of the 1965 ice block. Here, in a slush of rock and silt, only 
two unidentified mosses about 2 centimeters high were found. From 75 to 
100 meters on an azimuth of 210°, three single Dryas plants, three speci
mens of Epilobium about 5 centimeters high, one willow less than 10 
centimeters high, and a few Equisetum plants in moist sand were found. 
At 200 meters some alder cones were seen. A count in a 1 x 10 meter plot 
at 700 meters yielded two Dryas, one Epilobium 10 centimeters high, three 
Equisetum, and thirty willows from 7 to 15 centimeters. At 800 meters 
along the transect, the willows were up to 30 centimeters high, a few of 
them spreading 20 to 25 centimeters in diameter. The Dryas were still 
single, and no alders or cottonwoods were observed. At 900 meters, in 
a channel between two drumlins, six or seven alders about 1 meter tall 
were observed. 

At a distance of 1000 meters, the Dryas had begun to form mats 10 
to 30 centimeters in diameter on drumlin tops. A count in a 1 x 10 meter 
plot at 1000 meters along the transect yielded fourteen willows, some up 
to 60 centimeters high, three Epilobium in some fine sand, 20 small mats 
of Dryas up to 30 centimeters in diameter, and one spruce 1 meter tall. 
At 1800 meters, the Dryas was in mats 1 to 1.5 meters in diameter, pro
viding 10 to 15 percent ground cover. Some poplars about 60 centimeters 
tall were observed. At 2200 meters the Dryas cover approached 30 per
cent of the ground cover, with some mats 2 meters in diameter. A few 
60-centimeter alders were observed, as well as five poplars 1 to 1.5 
meters tall and a number of willows about the same height. At 2^00 
mete s along the transect, the poplars were more plentiful, averaging 12 
per 10 square meters, about 1.5 meters tall. A few scattered, bushy 1.5-
meter high alders were also present. At 2800 meters from the glacier 
remnant, the Dryas covered up to 75 percent of the ground; the alders 
were slightly more plentiful than previously, up to 2 meters high and 
bushy, averaging one per 20 square meters. 
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At 3700 meters, beyond the creek which empties into Nunatak Cove, 
the Dryas almost completely covered the open areas and the alder was well 
emplaced, being 2 to 4 meters high, bushy, and with about 9 plants per 
10 square meters. The growth of the alder became thick, approaching the 
closed thicket stage, especially in channels draining the higher land. 
Drier open areas, completely covered with Dryas, were being invaded by 
numerous alder seedlings. A count in a 1 x 10 meter plot at 4200 meters 
in an open area yielded 64 alders, of which 3 were over 2 meters tall, 
over 60 willows up to 1.5 meters tall, and 6 poplars. 

In summary, then, on this particular transect the mat stage (il) 
begins 1000 meters from the remnant glacier where the Dryas forms mats 
10 to 30 centimeters in diameter. Between 2200 and 2800 meters poplar, 
willow, and a few alders up to 2 meters in height are scattered over the 
terrain. This is the late pioneer stage (ill). At 4000 meters, immediate
ly across the creek emptying into Nunatak Cove, the alder forms scattered 
but dense clumps, often up to k meters tall. This is the so-called open 
thicket stage (IV), leading eventually to a closed thicket (V). 

By establishing other such transects in various directions from the 
McBride Glacier Remnant, a reasonably accurate map of the stages in this 
plant succession can be prepared (Fig. 2). 

DEGLACIATED AREA NEAR CASEMENT GLACIER 

A successional pattern which is similar to that found in the McBride 
Glacier Remnant area, varying only because of the slightly different land 
forms and drainage, can be studied in the regions exposed by the retreat 
of the Casement Glacier. The stages in plant succession in this area are 
indicated in Figure 2. Starting from the large meltwater channel in 
front of the Casement Glacier and moving southwest, one is presented with 
the same series of plant stages, with the addition in this older region 
of the poplar emergence stage (VI). 

The wide Forest Creek fan (2) (Fig. 2)* has an extensive Dryas mat 
formation (stage II). It begins immediately beyond the beach vegetation 
bordering Muir Inlet and extends inland about 300 meters to a terrace 
3 meters high. This elevated terrain was abandoned by annual flood waters 
and the transition to late pioneer stage (ill) vegetation is a sharp one. 
Alders, poplars, willows, and a few spruces are scattered prominently 
across the Dryas mat at this higher level. The vegetation grades back 
over a few hundred meters onto till surface to open thicket (IV), thence 
to closed thicket (V). 

* Various land forms are numbered on Figure 2, using the same system as 
Price (1964, Fig. 4). 
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Similar observations can be made at the fan (5) (Fig. 2) and at the 
outlets of the meltwater channels (9), (ll), and (ik) (Fig. 2), and an 
idea of their relative ages of availability can be formed. Thus, channel 
(9) probably ceased carrying large quantities of meltwater two or three 
years before the channel at the fan (5). The vegetation of the former 
area is slightly more developed—the Dryas is more extensive and 2-meter 
alders are common. The vegetation indicates that both channel (5) and 
channel (9) ceased their activity well before channels (ll) and (ik) and 
before a number of the terraces on the southern fan of Forest Creek and 
fan (3) were cut. 

North of Forest Creek are three other outlets into Muir Inlet. The 
first, (l) (Fig. 2), on which the vegetation is in the late pioneer stage 
(ill), is very close to Forest Creek. The north side of the second, (k) 
(Fig. 2), borders Goose Cove and is slightly older than the first outlet. 
The third outlet, (6) (Fig. 2), empties into the head of Goose Cove. 
Here, the Dryas is in the mat stage (ll), indicating that this outlet was 
the last to stop carrying water. 

Channels (ll) and (l^) (Fig. 2) are cut by a series of drainage 
ditches in which the alder is often well developed. The vegetation in 
some parts of these ditches approaches the closed thicket stage (V), 
whereas the bulk of the vegetation on the slightly higher, more gravelly 
terrain of the channels is only in the pioneer stages (i, II, III). 
E. Eugene Good has suggested that the alder seeds are transported by water 
down the escarpments or mesas to the left and right of the channels where 
the alder is in the closed thicket stage (v). The soil in the ditches has 
a finer texture as well as providing more mositure, so that alder develops 
much more rapidly here than on the higher areas. The vegetation in the 
ditches started with mosses, Equisetum, and willows, which in turn were 
supplanted by alder. 

As one proceeds northeast in channel (ll) (Fig. 2) toward Casement 
Glacier, one notices that the vegetation in the drainage ditches becomes 
less dense until shortly beyond the so-called 1935 cut (12) (Fig. 2). 
Here, the vegetation in the ditches becomes open thicket (IV) to late 
pioneer (ill). This more sparse aspect of the vegetation in the ditches 
is reflected also in a change of the same magnitude in the vegetation on 
top of the escarpments to the left and right of the channel. 

Annual rings of ten 3- to U-meter-tall alders were counted in the 
closed thicket (V) on the escarpment to the north of channel (ll). The 
location is marked (a) on Figure 2. The average age was 18.8 years with 
a range of 15 to 21 years. At the same location one 2-meter-tall spruce 
was l8 years old, one U-meter-willow was 19 years old, and a U-meter 
Populus had 25 growth rings. At location (b) in Figure 2, toward Case
ment Glacier, in open thicket (IV) vegetation, the average age of 10 
alders was 9*1 years with a range of 7 to 15 years. Two 1.5-meter willows 
were 16 years old, and a 1.5-meter Populus had 15 growth rings. Closer 
to Casement Glacier, at location (c) on Figure 2, in late pioneer vegeta
tion, five alders had an average age of ^.k years and an age range of k 
to 7 years. 
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At the head of channel (lU) (Fig. 2), forming a so-called D-ring, 
is another channel, (l8). According to Price (196k) this was cut after 
meltwaters that had previously flowed down channel (lU) began to move 
southward. At first they flowed from channel (l8) down channel (19) to 
Adams Inlet, but later they abandoned this route and followed a more 
direct route to Seal Inlet, hence completing the D-ring. This interpre
tation of the sequence is supported by an analysis of the vegetation. 
The vegetation in the drainage ditches in channel (19) is in the open 
(IV) to closed (v) thicket stage, and the slightly higher terrain of the 
channel grades from late pioneer (ill) near Adams Inlet to the mat stage 
(il) near the D-ring. In the channel forming the D-ring the vegetation 
is in the mat stage (il) to early pioneer (i), indicating that this 
channel ceased functioning after channel (19) and channel (lU). 

VERTICAL SUCCESSION AT DIRT GLACIER 

One of the best examples of vertical succession can be seen at the 
opening of Dirt Glacier into the mouth of Adams Inlet. This glacier has 
retreated 2.5 to 3 kilometers from the inlet, and a series of terraces 
has developed in the deglaciated area. The vegetation on the lowest 
terrace is in the early pioneer stage (i). That on higher terraces grades 
from the mat stage (il) to late pioneer (ill). On still higher ground 
about 30 meters (100 feet) above sea level, one finds a narrow band of 
open thicket (IV) grading into closed thicket (v) and then into a dis
tinct poplar line (VT) between 60 and 90 meters (200 and 300 feet) above 
sea level. Above this, spruce begins to appear in the canopy, becoming 
prominent at about 150 meters (500 feet) altitude and continuing up to 
the timber-line. An almost complete succession involving 75 years or 
more of development thus is seen in less than 200 meters. 

EMERGENCE OF POPLAR AND SPRUCE 

The emergence of poplar above the alder thickets is an obvious 
feature in the succession of plants in front of the retreating glaciers 
bordering Muir Inlet. This poplar line is shown on Figure 2. North of 
Forest Creek, the line is obvious, crossing hill U21 between Forest 
Creek and Goose Cove. From Forest Creek south to the Klotz Hills the 
line, while still evident, is less well developed where it crosses the 
terrain exposed by the retreating Casement Glacier. It becomes prominent 
again near the Klotz Hills, where the poplars increase in height and 
become more dense. The situation is similar on the west shore of Muir 
Inlet. The poplar line is well developed in the Curtis Hills area north 
of Wachusett Inlet; but between there and Hunter Cove the poplars are 
less dense, reflecting the later exposure of this area. South of Hunter 
Cove the poplar density increases again and equals that in the Klotz Hills 
area. 
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Spruce (stage VTl) becomes a conspicuous part of the vegetation on 
the east side of Muir Inlet in the vicinity of the KLotz Hills, reaching 
a density of about one per 10 square meters. It becomes conspicuous on 
the west side of the inlet slightly farther north, and along both sides 
of Muir Inlet, increases in density and height southwards. Poplar is 
more prominent than spruce on the east and southeast sides of the Klotz 
Hills, reflecting the earlier exposure of the peaks and the Muir Inlet 
side of the Hills. 

A convenient place southward along Glacier Bay to indicate where the 
hemlock becomes an integral or conspicuous part of the spruce forest was 
not determined. A few small hemlocks grow in the Mount Wright region and 
on Garforth Island. A typical count made in a valley farther down the 
east shore of Glacier Bay, approximately 5 kilometers north of Beartrack 
Cove(see Frontispiece), showed 16 spruce per 10 square meters, with 2 
of them approximately kO meters tall and k5 centimeters in diameter, and 
11 hemlocks, the tallest being 25 meters high and 30 centimeters in dia
meter. A few 30-meter cottonwoods were present in the canopy. At this 
point the hemlocks had not emerged into the canopy, but had become an 
integral part of the spruce forest, representing the transition from a 
spruce forest stage (VII) to a spruce—hemlock stage (VIIl). Somewhere 
between this point and Mount Wright, hemlock seedlings become conspicuous 
among the spruces. 

The alders in this transition forest 5 kilometers north of Beartrack 
Cove are dying out, but persist on cliff sides or on exposed ridges; in 
the true spruce forest only dead, twisted and decumbent branches, often 
moss covered, remain as evidence of a once prominent alder thicket. The 
same is largely true of the willows. The understory without the alder 
and willow is more open, and consists of an array of herbs and shrubs 
listed in Appendix I. 

BARTLETT COVE 

The terminal moraine in the Bartlett Cove region of Glacier Bay 
National Monument (Frontispiece) is covered with a spruce—hemlock forest 
(stage VIIl). Counts in this forest showed an average of 9 spruce and 
5 hemlock trees per 10 square meters. One or two of the largest spruces 
had diameters of 60 centimeters or slightly more; all of the hemlock ob
served had diameters of less than 30 centimeters. For 10 felled spruce 
trees the average diameter was 56 centimeters, and the average age was 
125 years (range: 73 to lV? years). One large spruce that had been 
destroyed was reported to have been 76 centimeters in diameter and to have 
had 175 growth rings, of which the innermost 70 rings were located in a 
band of wood only k centimeters wide. 

Assuming that this latter count of 175 years was accurate, that the 
same rates of succession (see later) prevailed in this region as presently 
in Muir Inlet, and that this spruce started its growth sometime during the 
beginning of the closed thicket stage (V) (30 to 35 years after deglacia-
tion), then the Bartlett Cove region must have been deglaciated at least 
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205 to 215 years ago. Also, if it takes 75 to 90 years for a spruce 
forest TvTIj to obtain, as observations in Muir Inlet seem to indicate, 
and the average age of 10 felled spruce is 125 years, the, again, at least 
200 to 215 years have elapsed since deglaciation. 

BEACH MEADOWS 

The richest areas for plant collections along Muir Inlet are in the 
beach meadows. These former tidal areas, exposed by land rise (Goldthwait, 
this volume), are fertile and moist with a relatively fine soil texture. 
They support a wide array of herbs, the number and variety of various 
species increasing southwards along Muir Inlet. In this direction, both 
the time since deglaciation and the amount of uplift increase. Fragaria, 
the strawberry, is the most conspicuous plant of these meadows in addi
tion to Foa, Calamagrostis, Hierochloe, Botrychium, Campanula, Astragalus, 
and many others listed in Table 1. 

RATES OF PLANT SUCCESSION 

By comparing the extent and composition of the present vegetation 
with the past positions of the glaciers in Muir Inlet, fairly accurate 
estimates of the rate of revegetation after deglaciation can be determined. 
Previous positions of Casement Glacier are given by Price (1Q6U, Fig.3). 
On the deglaciated terrain (Figs. 1 and 2) to the southwest of Casement 
Glacier, 20 years elasped before the vegetation passed from the pioneer 
stages (i, II, III) into the open thicket stage (IV). Another 10 years 
of exposure were required before an alder—willow thicket (V) covered 
the terrain. The poplar line is evident at about the 1920—1925 position 
of Casement Glacier, or ̂ 0 to 1*5 years after deglaciation. A spruce 
forest does not supplant the alder—poplar—willow thicket in the Muir 
Inlet region until one is south of Adams Inlet--below the I89O position 
of Muir Glacier. Hence, at least 75 years, probably closer to 90 years, 
must elapse in this region before a spruce forest is formed, although 
scattered spruce trees can be observed above the alder—poplar—willow 
canopy as early as 50 years after deglaciation. 

In the McBride Glacier Remnant area the early pioneer vegetation 
stage (i) grades into the mat stage (il) within five years after de
glaciation. The line on Figure 2 containing the late pioneer stage 
(ill) has a close correspondence to the 19̂ -0 position of the McBride 
Glacier or 20 to 25 years after deglaciation—about the same amount of 
time required in the Casement Glacier region. The same is true of the 
advent of the closed thicket stage (v), which requires approximately 30 
to 35 years to form in the McBride Glacier Remnant region. 

Observations of the vegetation time sequences on the west side of 
Muir Inlet in the Wachusett Inlet—Hunter Cove region also bear out the 
same rates as those determined for the deglaciated regions of the McBride 
Remnant and Casement Glaciers. The late pioneer stage (ill) grades into 
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the open thicket stage (IV) in 20 to 25 years, into closed thicket (V) 
vegetation in another 10 years. The poplar line (VT) on the west side 
of Muir Inlet follows closely the 1920 glacier position as it does on 
the east side of the inlet. 

Muir Inlet has a maritime climate with high relative humidity, 
cloudiness, precipitation, and (relatively) moderate temperatures. Loewe 
(this volume) indicates that the summer climate is essentially uniform at 
different observation points in the Muir Inlet area, except for lower 
midday temperatures at the Casement Glacier station (Fig. l). The wind 
direction at this latter station was consistently east-northeast, which 
would tend to slow the migration of the important wind-disseminated 
plants, such as Dryas and the willows, into the deglaciated areas of 
Muir Inlet. Thus, the rates of plant succession in Muir Inlet may be 
modified somewhat in comparison to analogous regions of Glacier Bay. 

In addition, if the climate is reasonably similar in the deglaciated 
areas throughout Muir Inlet, then soil factors must play a proportionately 
greater role in the rates of plant succession. One such soil factor, of 
course, is the nitrogen level. As indicated earlier in this paper, alder 
and probably Dryas fix large quantities of atmospheric nitrogen. More 
nitrogen accumulates than is utilized, so that 70 years after deglaciation, 
as much as a ton of nitrogen per acre may be present in the upper 0.5 
meters of the soil and leaf mold. It may be postulated, based on the 
observations of Ugolini (this volume), that after the carbonates are 
sufficiently leached from fresh till and the pH is lowered to 7.0 or 
below, Dryas begins to colonize the terrain (stages I and II). With a 
pH about 6 to 8 and below and available nitrogen, the terrain passes 
into the late pioneer stage (ill) with a scattering of poplar and alder 
shrubs. As Crocker and Major (1955) and Ugolini (this volume) indicate, 
the alder has a strong acidifying effect on the soil and the pH is 
lowered to 6.5. This coupled with the large quantities of nitrogen 
fixed by the alder, the increase in organic matter, and concomitantly 
the almost doubling of the cation exchange capacity between the Hist 
and 55th year (Ugolini, this volume), provides the stimulus for the 
emergence of the poplar line (Vl) and the development in the next 25 to 
HO years of spruce forest (VIl). 

Ugolini (this volume) also notes that the leaching of carbonates 
proceeds more rapidly under vegetative cover; and with the increase in 
the deposition of organic matter, the pH is lowered and the cation ex
change capacity is increased. From 55 to 250 years after deglaciation, 
the pH of the soil and litter is lowered to about 5. It may be surmised 
that hemlock (VTIl) becomes established when the conditions are slightly 
more acid than those regulating the establishment of spruce (VIl). And 
eventually, as described by Lawrence (1958), and noted earlier in this 
test, the forest soil and litter become so acid that the bog moss, 
Sphagnum, begins to exclude other vegetation and the spruce-hemlock 
forest deteriorates into muskeg and pit ponds. 
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Table 1. Partial List of Vascular Plant Collections in Various 
Successions! Habitats, Muir Inlet, Glacier Bay, Alaska 

(Authority: Anderson, 1959) 

CO 

Achillea borealis Bona. 

A. lanulosa Hutt. 

Aconitum delphinifoliurn DC. 

Actaea arguta Hutt. 

A. eburnea Rydb. 

Adiantum pedatum L. :: 

A. pedatum L. var aleuticum Rupr. 

Agrostis exarata Trin. 

Alnus incana (L.) Moench. 

Alopecurus pratensis L. 

Anaphalis margaritacea (L.) 
Benth. & Hook. 

Anemone multifida Poir. 

Antennaria langii Porseld. 

Aquilegia formosa Fisch. 

Arabis hirsuta (L.) Scop. 

A. lyrata L. ssp. kamchatica 
(Pisch.) Hult. 

Pioneer stages 
I, II, III 

X 

X 

X 

X 

X 

Open & closed thicket 
IV, V, VI 

X 

X 

X 

X 

X 

X 

X 

X 

Spruce & Spruce-Hemlock 
Forest VII, VIII 

X 

X 

X 

X 

Beach & Beach 
Meadow 

X 

X 

X 

X 

X 

X 

X 



Table 1. (Cont'd) 

co 

Pioneer stages 
I, II, III 

Arctostaphylos uva-ursi (L.) 
Spreng. 

Arenaria peploides L. 

Aruncus vulgaris Raf. 

Asplenium viride Huds. 

Astragalus alpinus L. 

Athyrium filix-feomina (L.) Roth. 

Blechnum spicant (L.) J. E. Smith 

Boschniakia rossica (C. & S.) 
B. Fetsch. 

Botrychium lunaria (L.) Sw. 

B. silaifolium Presl. 

Calamagrostis canadensis (Michx.) 
Beauv. 

Caltha palustris L. 

Campanula rotundifolia L. 

Carex lyngbyei Hornem. ssp. 

cryptocarpa (C. A. Meyer) Hult. 

C. viridula Michx. (morainic ponds' 

(outwash fan) 

X 

X 

Open & closed thicket 
IV, V, VI 

X 

X 

X 

X 

X 

X 

1 

Spruce & Spruce-Hemlock 
Forest VII, VIII 

X 

X 

X 

X 

Beach & Beach 
Meadow 

X 

X 

X 

X 

X 

X 

X 
i 1 

X 

X 

1 



Table 1. (Cont'd) 

$ 

Cassiope mertensiana (Bong.) 

D. Don. (alpine) 

Castilleja chrymaetis Pennell. 

C. hyetophila Pennell. 

C. unalaschcensis (C. & S.) Malte. 

Circaea alpina L. 

Cochlearia officinalis L. ssp. 

oblongifolia (DC.) Hult. 

Conioselinum benthami (Wats.)Fern. 

Cornus canadensis L. 

Cryptogramma acrostichoides R. Br. 

Cypripedium passerinum Richards. 

Cystopteris fragilis (L.) Bernh. 
(rock breaks) 

Drosera rotundifolia L. 

Dryas drummondii Rich. 

Elymus mollis Trin. 

Empetrum nigrum L. 

Epilobium angustifolium L. 

Pioneer stages 
I, II, III 

X 

X 

Open & closed thicket 
IV, V, VI 

X 

X 

X 

X 

Spruce & Spruce-Hemlock 
Forest VII, VIII 

X 

X 

X 

X 

Beach & Beach 
Meadow 

X 

X 

X 

X 

X 

X 

X 



Table 1. (Cont'd) 

CO 
- 3 

E. latifolium L. 

Equlsetum arvense L. 

E. variegatum Schleich. 

Eriophorum scheuchzeri Hoppe 
(morainic ponds) 

Euphrasia mollis (Ledeb.) Wettst. 

Festuca rubra L. 

Fragaria chiloensis (L.) Duch. 

Fritillaria camtchatcensis (L.)Ker. 

Galium aparine L. 

G. triflorum Michx. 

Geranium erianthum DC. 

Geum macrophyllum Willd. 

Hedysarum alpinum L. ssp. 

americanum (Michx.) Fedtsch. 

Heuchera glabra Willd.(rock breaks) 

Hierochloe odorata (L.) Beauv. 

Hordeum brachyantherum Nevski 

Pioneer stages 

I, II, III 

X 

X 

X 

X 

X 

. ' 

Open & closed thicket 

IV, V, VI 

X 

X 

X 

X 

X 

X 

Spruce & Spruce-Hemlock 

Forest VII, VIII 

X 

X 

Beach & Beach 

Meadow 

X 

X 

i 

X 

X 

X 

X 

; 

1 

X 
! 

X 

X 



Table 1. (Cont'd) 

CO 
CO 

H. jubatum L. 

Juncus balticus Willd. 
(raorainic ponds) 

Lathyrus maritimus (L.) Bigel. 

Listera caurina Piper 

L. cordata (L.) R. Br. 

Lupinus nootkatensis Donn. 

Lycopodium annotinum L. 

L. selago L. 

Maianthemum dilitatum (Wood) 

Nels. & Macb. 

Menyanthes trifoliata L. 

Menziesia ferruginea Smith. 

Mertensia maritima (L.)S.F. Gray 

Mimulus guttatus DC. 

Moneses uniflora (L.) Gray. 

Oplopanax horridus (Sm.) Miq. 

Pioneer stages 
I, II, III 

X 

X 

• 

Open & closed thicket 
IV, V, VT 

X 

X 

Spruce & Spruce-Hemlock 
Forest VII, VIII 

X 

X 

X 

X 

X 

X 

X 

X 

Beach & Beach 
Meadow 

X 

X 

X 

X 

X 

X 

X 



Table 1. (Cont'd) 

CO 

Oxytropis gracilis (A. Nels.) 

K. Schum. 

Parnassia fimbriata Konig. 

P. kotzebuei C. & S. 

P. palustris L. 

Phleum alpinum L. 

Phyllodoce empetriformis (Smith) 
D. Don. 

P. glanduliflora (Hook.) Cov. 

Picea sitchensis (Bong.) Carr. 

Pinguicula vulgaris L. 

Plantago maritima (L.) ssp. 

juncoides (Lam.) Hult. 

Poa alpina L. 

Polygonum bistorta L. 

Polypodium vulgare L. 

P. vulgare L. var. occidentalis 
Hook. 

Polystichum andersonii Hopkins. 

Pioneer stages 

I, II, III 

X 

X 

X 

Open & closed thicket 

IV, V, VI 

X 

X 

X 

X 

(creek bed) 

X 

X 

Spruce & Spruce-Hemlock 

Forest VII, VIII 

X 

X 

X 

X 

Beach & Beach 

Meadow 

X 

X 

X 

X 

X 

X 



Table 1. (Cont'd) 

B 

P. braunii (Spenner) Fee. 

P. lonchites (L.) Roth. 

Populus tricocarpa Torr. & Gray. 

Potentilla anserina L. 

P. villosa Pall. 

Primula egalikensis Wormskj. 

Puccinellia nutkaensis (Presl.) 
Fern. & Weath. (morainic ponds) 

Pyrola asarifolia Michx. (along 
stream) 

P. secunda L. 

Ranunculus macounii Britt. 

Rhinanthus minor L. 

Ribes bracteosum Dougl. 

R. lacustre (Pens.) Poir. 

R. laxiflorum Pursh. 

Rorippa palustris (L.) Bess, 
(morainic pond) 

Rubus pubescens Raf. 

Pioneer stages 

I, II, III 

X 

X 

X 

X 

Open & closed thicket 

IV, V, VI 

X 

X 

X 

X 

X 

Spruce & Spruce-Hemlock 

Forest V H , VIII 

X 

X 

X 

X 

X 

X 

X 

Beach & Beach 

Meadow 

• 

X 

X 

X 

X 

X 

X 

X 

-

X 



Table 1. (Cont'd) 

H 

R. spectabills Pursh. 

R. stellatus Smith. 

Sagina occidentalis Wats. 

Salix alaxensis (And.) Cov. 

S. arctica Pall. 

S. barclayi Anders. 

S. bebbiana Sarg. 

S. commutata Bebb. 

S. sitchensis Bong. 

Sambucus racemosa L. ssp. pubens 

(Michx.) Hult. 

Sanguisorba sitchensis C. A. Meyer 

S. sitchensis Roem. 

Saxifraga cernua L. (rock breaks) 

S. lyalli Engler. 

S. tricuspidata Tetz.(outwash fan] 

Sedum roseiun (L») Scop. 

Pioneer stages 

I, II, III 

X 

X 

X 

X 

X 

X 

X 

Open & closed thicket 

IV, V, VI 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Spruce & Spruce-Hemlock 

Forest VII, VIII 

X 

X 

X 

• 1 

Beach & Beach 

Meadow 

X 

X 

X 

X 1 



Table 1. (Cont'd) 

Shepherdia canadensis (L.) Nutt. 

Solidago lepida DC. 

S. multiradiata Ait. 

Sorbus scopulina Greene. 

Spiranthes romanzoffiana Cham. & 
Schleicht. 

Stellaria humifusa Rottb. 

Streptopus amplexifolius (L.) DC. 

S. roseus Michx. ssp curvipes 
(Vail) Hult. 

Tiarella trifoliata L. 

T. unifoliata Hook. 

Tofieldia occidentalis S. Wats. 

Trientalis europea L. 

Triglochin maritima L. 

Trisetum spicatum (L.) Richt. 

Pioneer stages 

I, II, III 

X 

along 
stream 

outwash 
stream 

Open & closed thicket 

IV, V, VI 

• 

X 

X 

X 

X 

X 

creek 
bed 

Spruce & Spruce-Hemlock 

Forest VII, VIII 

-

X 

X 

X 

X 

X 

X 

Beach & Beach 

Meadow 

oc 

X 

x 

X 

X 

X 

ro 



Table 1. (Cont'd) 

Tsuga heterophylla (Raf.) Sarg. 

T. mertensiana (Bong.) Sarg. 

Vaccinium ovalifolium Smith. 

Valeriana sitchensis Bong. 

Veratrum eschscholtzii A. Gray. 

Veronica chamaedrys L. 

Viburnum edule (Michx.) Raf. 

Pioneer stages 

I, II, III 

Open & closed thicket 

IV, V, VI 

Spruce & Spruce-Hemlock 

Forest VII, VIII 

X 

X 

X 

X 

X 

X 

X 

Beach & Beach 

Meadow 

CO 



Figure 1 - Map ,of Muir Inlet area showing retreat of glacier fronts by 
decades since 1880. Black squares indicate locations of 
meteorological stations. 
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Figure 2 - Successions!, plant stages in Muir Inlet area. 
I - Early Pioneer Stage; II - Mat Stage; III - Late Pioneer Stage; 
IV - Open Thicket Stage; V - Closed Thicket Stage; VI - Poplar 
Line Stage; VII - Spruce Stage. Circled numbers refer to land 
forms in Price (1964), and circled letters refer to discussion 
in text. Black squares indicate locations of meteorological 
stations. 
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PART 5. INSECTS 

by 

Dwight M. DeLong 
Department of Zoology and Entomology 

and 
Institute of Polar Studies 

ABSTRACT 

A study of the insects in the Muir Inlet area following glacier re
cession for a period of some 70 years showed a rather definite pattern of 
succession in both the aquatic and terrestrial forms. The first aquatic 
insects to appear behind the melting glaciers are larvae of certain mos
quitoes and black flies. Associated with these are small predaceous 
diving beetles and a species of water boatman. As vegetation appears in 
the smaller ponds and organic matter accumulates in the larger pools, 
more species belonging to more families are found. The early terrestrial 
species are usually found some 15 to 20 years after glacier recession. 
Usually the plants begin to appear in that length of time, and plant lice 
and jumping plant lice occur on the early alders and willows. The ground 
beetles apparently appear soon after recession but are difficult to find 
because of the loose gravel in which they hide. Some blossom-feeding 
flower flies are found upon these early plants. More species occur in 
rapid order with each older recessional zone until a climax is reached in 
the spruce forest and strawberry meadow some 70 years after glacier re
cession. A number of herbaceous plant- and blossom-feeding species occur 
in the meadow. 

During this ecological survey, the most interesting ecological problem 
observed was the normal occurrence of a species of leafhopper, Macrosteles 
fascifrons (subspecies) living on a tidal flat, on a salt grass which is 
submerged twice daily for a considerable period with salt water containing 
icebergs and testing about 2°C. The insect has no known adaptation to 
either aquatic respiration or cold resistance. 

INTRODUCTION 

The insects which occur in any natural population are usually composed 
of several classes or categories with regard to their food habits and their 
interrelationships. The insects of Muir Inlet are no exception to this 
rule. There are, however, smaller populations of most of the species occur
ring in this area, though the relative numbers are not particularly differ
ent. The more common categories are those feeding on living plants or 
micro-organisms, usually called phytophagous insects; those feeding on 
dead portion of plants, the saprophagus; forms which prey upon other in
sects, the predaceous; some which parasitize other insects, the parasitic; 
and those which feed upon dead organic material, the scavengers. These 
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groups are well represented among the insects which have been observed and 
collected during the field studies of 1965 in the Muir Inlet area. 

The occurrence of insect life following glacier recession will be 
discussed under the headings of aquatic species and non-aquatic or ter
restrial forms. A list of the insects collected, and their occurrence in 
the various recessional zones are given in Table 1. 

AQUATIC INSECTS 

Insects are usually considered aquatic if their immature stages, such 
as the larvae or nymphs, live normally in water. The adult stage may or 
may not be aquatic. The mosquitoes (Culicidae), black flies (Simulidae), 
dragonflies (Odonata), and others normally emerge from the water as adults, 
have different feeding habits as adults, and remain away from the water 
except for egg laying. On the other hand, predaceous diving beetles 
(Dytiscidae), backswimmers (Notonectidae), and water boatman (Corixidae) 
normally remain in the water as adults and continue to feed in the same 
habitat and usually upon the same or similar materials. 

Following glacier recession various types of pools and ponds, and 
small fresh water lakes may occur. They may differ greatly in depth, 
drainage, plant growth, accumulation of alder leaves and other organic 
material, and cannot therefore be compared on the basis of age alone. The 
occurrence of insects in these pools will however be discussed on the basis 
of the number of years since the glacier receded. Also the immature stages 
of certain types of aquatic insects may be found only in running water. 
Some of these streams occur in the Forest Creek area, others in the Klotz 
Hills, and in some areas south of Adams Inlet. 

Area deglaciated 0 to 15- years 

Immediately behind the receding glacier are pools of water formed in 
depressions in the till (Fig. 2). There is no organic material in these 
at first, but within about ten years, several types of micro-organisms 
and small algae become established in them. It is apparently at this 
time that mosquito larvae are found in these pools, followed soon after by 
small predaceous diving beetles, Deronectes griseostriatus, and a species 
of small water boatman. The predaceous diving beetles prey upon the mos
quito larvae in both the larval and adult stages. The water boatman are 
scavengers both as larvae and adults, and feed on the dead bodies which 
drift to the bottom, the exuviae and similar organic materials. Another 
species which may occur occasionally is the water strider, Gerris incogni-
tus Drake and Harris which, in both the immature stages and as adults, 
live on the surface of the water and are predaceous in habit. 

Within another five years more species of predaceous diving beetles 
become established, including both Deronectes griseostriatus (DeGeer) and 
Hydroporus sp. 
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Area deglaciated 30 to 35 years 

In the ponds and pools present some 30 to 35 years after recession, 
Equisetum grows in some of the shallow basins (Fig. 3)5 and in others, 
organic material has accumulated from dead aquatic plants or from the 
leaves of overhanging alder (Figs, k and 5). In either case several ad
ditional species of aquatic insects occur. At least one species of 
caddicefly, Limnephilus sp., is present, frequently with their larval 
cases attached to the stems of Equisetum where these plants are growing 
in shallow water. In addition, at least two other species of predaceous 
diving beetles occur here, namely Agabus tristis Auke and Rhantus divisus 
Auke, and one species of scavenger beetle, Crenitis morata (Horn). With 
the accumulation of organic matter, these are the first pools to contain 
dragonfly nymphs, Aeshna spp. Also, mosquito larvae belonging to Culiseta, 
chironomid midge larvae, Mayfly nymphs, and crane fly larvae were collected 
from the ponds in this area uncovered by glacier recession 30 to 35 years 
ago. 

Area deglaciated kO to U5 years 

The pools located in areas deglaciated from 1920 to 1925 contain at 
least five species of predaceous diving beetles, Acilius semisulcatus 
abbreviatus Mannerheim, Oreodytes alaskanus Fall, Agabus tristis Auke, 
Agabus strigulosus (Crotch), and Ibybius quadrimaculatus Auke; four species 
of caddiceflies, Ecclisomyia conspersa Bks., Limnephilus vastus, Limnephi
lus sp. and Arctopsyche sp.; one species of water strider, Gerris incogni-
tus Drake and Harris; one species of back swimmer; two species of mayflies, 
Baetis sp., and Epeorus sp.; one species of helodid, Cyphon variabilis; at 
least one species of dragonfly, Aeshna sp.; and chironomid larvae. In the 
more rapidly flowing water of the Forest Creek area there are many fly 
larvae belonging to at least two families. 

Area deglaciated 55 years 

The pools and lagoons 55 years old (Fig. 6) (deglaciated in 1910) 
contained a few species which had not been previously collected. Two 
species of mayflies, Centroptilum sp., and Callibaetis sp., were found 
here. In addition to the crane fly larvae found in the preceding reces
sional zone, both biting midge larvae, Beggia sp., and thereviid or 
stiletto fly larvae were collected. These pools also contain rather large 
populations of several of the insects mentioned above. 

Area deglaciated 75 to 90 years 

The ponds which were 75 years old (deglaciated in 1890) contained 
two additional species, the caddicefly, Limnephilus harrimani Bks, and 
the leptodirid beetle, Catopine sp. 
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What little collecting was accomplished in the ponds that were about 
90 years old revealed three species of caddiceflies, Limnephilus sericeus, 
L. vastus, and L. harrimani, the first of which was not previously collect
ed. The immature stages of some aquatic insects occur more abundantly in 
running water than in standing water. Some stonefly larvae, Capnia 
excavata Claas., live under stones in places where the water is moving 
rapidly and thus is aerated. 

THE WOW-AQUATIC OR TEBHESTKLAL IWSECTS 

Area deglaciated 0 to 20 years 

During several years immediately following glacier recession there is 
nothing but mineral soil and boulders, with little if any plant life. Some 
spiders are found among these stones, but there are no insects except those 
which are blown in by strong winds, and these normally do not survive. 
About 15 to 20 years after the glacier is gone, certain types of plants 
appear and specific insects are usually associated with these (Figs. 7 and 
8). 

Some species of plant lice and a few species of jumping plant lice 
are the first to appear on small plants of the alder and willows (Fig. 9)« 
The blossoms of these plants are visited by five species of flower flies, 
Volucella bombylans var plumata (DeGeer), Helophilus borealis Staeger, 
Eristalis anthophorinus (Fallen), Melangyna tarsata (Zett.), and Platychei-
rus perpallidus Verrall. Another member of the Diptera is Protophormia 
terraenovae (Rob. and Des.), a species of blow fly. 

Area deglaciated 30 to 35 years 

The ground beetles probably appear rather early after glacier re
cession, but are difficult to find as they hide beneath the stones. The 
first species were found in the zone of recession that was 30 to 35 years 
old. Bembidion (Platyohodes) complanuleum (Mannerheim) occurs here, as 
well as a rove beetle belonging to the genus Stenus and a blister beetle, 
Meloe sp. A species of thrips, Taeinothrips vulgatissius, was found feed
ing in the blossoms of Dryas drummondii, one of the pioneer plants. Two 
species of plant lice have been recorded for this zone, Pterocomma bicolor 
(Oestl.) and a species of Callaphidini, and two species of spiders, a 
lycosid, Pardosa sp., and an agelenid, Cryphoeca sp., were found on the 
ground. An occasional large bumble bee visited the blossoms of the alder, 
and two species were collected, one a Bombus and one belonging to Psithyrus, 

Area deglaciated Up to k5 years 

In the zone marking kO years since recession of the glacier, there 
is little change in the insect fauna. Spiders belonging to the genus 
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Pardosa are on the gravel. The Homoptera are represented by jumping plant 
lice Psylla spp. and plant lice, Boernerina sp. on alder and willow. Also 
certain of the Hymenoptera were obtained. Leaf feeding sawflies, Phyllo-
colpa sp., and parasitic Braconid wasps, Euaphidius sp., Microplitis sp., 
Synaldis sp. and Alysia sp. also were obtained here, as well as a species 
of parasite of fungus gnats, Belyta sp. The Diptera were well represented 
by species belonging to four families: the fungus feeding flies, Bradysia 
sp.; the black fly, Simulium vittatum Zett.; the crane fly, Limonia sp. 
and the flower fly, Platycheirus inversus Ide. 

The number of species increases considerably in the U5 year-old-re
cession zone. Ground beetles, in addition to Bembidion complanuleum (Mann), 
include Hebria sahlbergi Fischer and Pristodactyla advena (LeConte), while 
other beetles, such as rove beetles, Stenus sp. and blister beetles, Meloe 
sp., also occur. The true bugs, Hemiptera, are represented by two species, 
a shore bug, Saldula littoralis (Fabr.) and a plant bug, Teratocoris 
saundersi Doug, and Scott. Moreover, a sawfly, Dolerus elderi Kim, was 
collected for the first time in the ̂ 5-year-old recession zone. Spiders 
belonging to three families, Xysticus sp., Pardosa sp., which occurs in 
abundance, and a linyphiid species occurred as part of the ground surface 
fauna. The black fly, Simulium vittatum Zett. was present here, as was 
a mycetephilid fungus gnat, Boletina sp., which had not been collected 
previously. A parasitic wasp, Aphaereta sp., was collected in this area 
also, and one of the flower flies, belonging to the Platcycheirus pelatus 
group, was found while feeding on blossoms. 

Area deglaciated 55 years 

Part of the 55-year-old recession zone (deglaciated in 1910) is along 
the east margin of Muir Inlet. At times large populations of spring tails 
(Collembola) Archistoma besselsi Packard were present on the beach at the 
margin of the inlet. This is an interesting species and has a rather 
specific habitat. According to Folsom (1937) "A. besselsi is a littoral 
species, limited to the seashore or its vicinity, and commonly found be
tween tidemarks, where it occurs under stones, seaweed or driftwood, or 
burrowing in the sand, or exposed on the shore." One of the leafhoppers 
of the Macrosteles fascifrons complex occurs on the tidal flat on the 
salt grass, Puccinellia phryganodes, and another leafhopper, Psammotettix 
confinus (Dahlb)'occurs on a similar grass just above the tidal flat. 
An adult specimen of caddicefly, Ecclisomyia conspersa, was also collected 
in this area. 

At least four species of jumping plant lice, including Psylla minor, 
were present on the alder and willow shrubs. Although two species of 
ground beetles, Nebria sahlbergi Fischer and Pristodactyla advena 
(LeConte) were collected, no ground beetles not previously collected were 
found here. An additional species of moth, Ramosia sp., was present just 
below the Klotz Hills. Although they could not be identified specifically, 
larvae of four families of Lepidoptera, Geometrids, Plutellids, Olethreutids, 
and Noctuids were collected from the leaves of plants growing in this area. 
Click beetle larvae, and two species of spiders, Pardosa sp. and Pirata 

101 



sp., were also collected. A large red mite, Neomolgus littoralis (L.) is 
common and often abundant on the upper beach. 

The Diptera or true flies were especially well represented in this 
area. Two species of blow flies, Cynomyopsis cadaverina (Rob. and Des.) 
and Acronesia anana Hall were collected here. Also found was a black fly, 
Prosimulium fulvum (Coq); a crane fly, Nephrotoma sp.; a horse fly, 
Hybomitra atrobasis (McD); a sciarid fungus gnat, Bradysia sp.; and a 
mycetophilid fungus gnat, Boletina sp. None of these had previously been 
collected except the sciarid fungus gnat. A single species of parasitic 
Tachinid fly, Nowickia hispida (Tothill), was present in this zone but 
was not found elsewhere during the entire period of collecting. Two 
species of flower flies, Helophilus borealis Staeger and Eristalis 
anthophorinus (Fallen), were observed in this area, and two species of 
Hymenoptera, a sawfly, Fhyllocolpa sp., and Trichiosoma sp., occurred here. 

Probably the most interesting and amazing biological, ecological 
observation made during this 1965 Muir Inlet study was the discovery at 
Goose Cove, in the 55-year-old recession zone (1910), of a leafhopper 
belonging to the Macrosteles fascifrons complex which lives in abundance 
on a salt grass, Puccinellia sp., which grows luxuriantly on the tidal 
flat. The grass is submerged twice daily for a considerable period of 
time by salt water with a temperature near 2°C. At times the grass is 
well covered by icebergs left by the receding tide (Fig. 10). These leaf-
hoppers lay their eggs on this grass, and the nymphs hatch and remain on 
the plants. Rather extensive observations showed that the nymphs and 
adults do not attempt to leave the plants when the tide submerges them, 
and they are active on the plants soon after the tide recedes. These 
insects have no adaptation for aquatic respiration and it is difficult 
to understand how they survive these long periods of cold shock. This 
insect, producing large populations in its present habitat, presents a 
number of interesting physiologic and ecologic problems that are still 
not resolved. 

Area deglaciated 75 years 

Probably the most striking change in the succession occurs across 
Adams Inlet in the area of the Muir cabin which was built in 1892. This 
area which has been deglaciated about 75 years, contains large meadows of 
grass and herbaceous plants dominated by wild strawberry, vetch, and 
cinquefoil (Fig. ll). Here, the Hemiptera is represented by Nysius ericae 
(Shilling) and Mecomma gilvipes (Stal). The Homoptera shows one of the 
greatest additions of species. A few species of fulgorid plant hoppers 
are represented. The leafhoppers are represented by at least five species, 
all herbaceous plant feeders: Evacanthus acuminatus (Fabr.), Psammotettix 
confinis (Dahlb), Deltocephalus nigriventer Sand, and DeL., a species of 
the Macrosteles fascifrons complex, and Scleroracus plutonius (Uhl). Also 
the plant lice group is represented by Macrosiphum euphorbiae (Thos) and 
Pterocomma bicolor (Oestl). Of several kinds of beetles collected in 
this habitat, the ground beetles were represented by Elaphrus ruscarius 
Say, Nebria metallica Fischer, N. sahlbergi Fischer, Bothriopterus 
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adstrictus (Eschschotlz), and Pristodactyla advena (LeConte), and the rove 
beetles by one species belonging to the subfamily Qmaltinae and another 
species to a member of the Tribe Bolitobiini. Also a species of soldier 
beetle was present. Several kinds of Lepidoptera undoubtedly occur in 
this meadow area. Four species of moths collected are Plutella interrupta 
Wlsm. j Diarsia rubifera (Grote), Nepticula sp., and a species of olethreu-
tid moth. 

Many kinds of Diptera occur in this 75-year-old habitat. Among those 
previously noted are a blow fly, C. cadaverina Mac; the black flies, S_. 
vittatum Zett. and P.fulvum (Coq.7; mosquitoes, Aedes spp.; fungus gnats, 
Bradysia sp. and Boletina sp. Other species of Diptera not previously 
observed were a march fly, Bibio vestitus Walk.; a louse fly, Ornithomyia 
fringillina Curtus, which is parasitic on birds; and a fungus gnat, 
Mycetophila sp. Ten species of flower flies, Volucella bombylans var 
plumata (DeGeer), Helophilus borealis Staeger, Melangyna tarsata (Zett.), 
Platycheirus inversus Ide, Carposcalis squamulae Curran, Melanostoma 
angustatum Williston, Sphaerophoria menthastri (Linn.), Syrphus torvus Ost. 
and Sach., S_. vitripennis Meigen, and Dasysyrphus nsp. were collected while 
visiting the blossoms of meadow flowering plants, the last six of which 
were not observed elsewhere. A few species of bumble bees belonging to 
the genera Bombus and Psithyrus were also collected on the blossoms of 
wild strawberry and other associated plants. 

The parasitic Hymenoptera was especially well represented by many 
species belonging to four families and at least eleven genera. Nothing 
approaching this Hymenopterous fauna was found in any previous recessional 
zone and undoubtedly illustrates the factor which time plays in the advanc
ed stages of flora and fauna succession after glacier recession. The 
parasitic wasps belonging to the Braconidae were Ephedrus sp., Aphidius 
sp., Meteorus dimidiatus, Chelonus sp., Dacnusa harringtoni (Ash), 
Aspilota spp., Aphaereta sp., and Alysia spp. Three families are each 
represented by one genus, namely, Belyta sp., Platygaster sp., and at 
least one genus of Belthylid wasps which cannot be readily identified by 
the experts of this group. 

Many new species made their first appearance in the areas deglaciated 
75 years ago. But because of the resulting increased competition, some of 
the earlier established species are no longer present in these areas. 

Area deglaciated 90 years 

Although collecting and observations were quite limited in the zone 
representing about 90 years since glacier recession, an abundance of 
material was present on the vegetated areas. Useful comparisons can be 
made with those zones previously discussed. Thus, five species of 
Hemiptera were collected in this zone, S. littoralis, M. gilvipes (Stal), 
T. saundersi Doug, and Scott, Irbisia sericans (Stal) and Trigonotylus 
sp., of which the latter two had not previously been collected in other 
areas. In the Homoptera, at least one species, Cicadula melanogaster, 
had not been collected previously. Of at least eight kinds of beetles, 
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four species of ground beetles, N. metallica Fischer, N. sahlbergi 
Fischer, P. advena (LeConte) and Elaphrus ruscarius Say, had previously 
been collected, but four other species, including two ground beetles, 
Bothriopterus adstrictus (Eschtz.) and Trechus Chalybeus (Dyean), one 
leiodid, Hydnocera sp., which feeds on decomposing vegetation, and one 
snout beetle, Lenvrus sp., had not previously been observed. 

Several kinds of Diptera were collected. Of three species of blow 
flies, C. cadaverina Rob. and Des., P. terraenovae Rob. and Des., and 
Calliphora terraenovae Mac., the latter species was collected for the 
first time. Among the other Diptera, a species of march fly, Dilophus 
tibialis Lw., and a scaphopsid species of scavenger fly were also taken 
for the first time, as were two species of flower flies, Pyrophaena 
granditarsis (Forst) and a species of the Melanostoma carposcalis group. 

Several species of Hymenoptera also were collected for the first 
time in this 90-year-old recession zone. These include species belonging 
to three genera of parasitic brachonid wasps, Praon sp., Apanteles sp., 
and Opius sp., and a species of sphecid wasp, Grabo sp. 

Older habitats outside Muir Inlet area 

At Bartlett Cove (Frontispiece), from which the glaciers receded 
about 200 years ago, only casual observations were made. Some environ
mental conditions are similar to those in the Muir Inlet area and some 
show more advanced stages of insect successions. For instance, the 
tidal flat habitat where the Puccinellia grass grows supports populations 
of the same Macrosteles leafhopper. 

Other habitats show advanced stages of development. One of the most 
obvious is the spruce forests with trees 150 or more years old which 
support populations of flat headed borers (buprestid beetles), horn-tails, 
Ichneumon flies, and sap feeding yellow jackets and other vespine wasps. 
The salt marsh-sedge association contains species of Homoptera and 
Hemiptera which are in addition to those found in the habitats of the 
Muir Inlet area. Extensive collecting would certainly reveal several 
additional insect groups and species in the older successional habitats. 

CONCLUSIONS 

The field collecting and study during June and July of I965 was 
limited by time and weather conditions, and represents only a partial 
list of material which undoubtedly occurs in this area. Also, some 
species collected have not yet been identified by specialists of vari
ous insect families and cannot be reported at this time. The data pre
sented above, however, regarding the occurrence of certain species of 
insects at periodic times after the recession of the Muir Glacier would 
indicate that there is a rather definite succession of insects which 
is probably dependent upon many factors but more especially to the 
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establishment of plant life. The plant feeding species undoubtedly rep
resent the basic biologic part of the food chain, and the consequent 
insect interrelationships here, as well as in other areas studied. 
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Table 1. List of Insects Collected at Muir Inlet, Alaska in 1965 

(Arranged according to Order and Family: date 
following species refers to recessional zone 
in which species was collected - see Fig. l) 

(*Aquatic Insects; D * dominant; C • common; R = rare) 

Order Collembola - Springtails 

Family Poduridae 

Archistoma besselsi Packard 1910 

*0rder Ephemeroptera - Mayflies 

Family Baetidae 
Baetis sp. 1910, 1920 

Centroptilum sp. 1910 
Callibaetis sp. 1910 

Family Heptageniidae 
Epeorus sp. 1920 

*0rder Odonata - Dragonflies and Damselflies 

Family Aeshnidae dragonflies 

Aeshna sp. 1930, 1920, 1910. 

Family Coenagrionidae damselflies 

One species (not determined) 1935 

*0rder Plecoptera - Stoneflies 

Family Capniidae 

Capnia excavata Claassen 19IO 

Order Mallophaga - Chewing lice 

Family Laemobothriidae (bird lice) 

One species (not determined) 1910 
(bird parasites) 

Years since 

15 20 25 30 

C 

area was 

35 ho 

C 

deglaciated 

h5 55 

D 

C C 

C 
C 

C 

D D 

C 

C 

75 90 
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Table 1. (Cont'd) 

Order Thysanoptera - Thrips 

Family Thripidae 

Taeniothrips vulgatissimus 1930, 
1920, 1910, I89O. 

Order Hemiptera - Bugs 

^Family Corixidae (water boatmen) 

One species (not determined) 1950, 
1930, 1920, 1910. 

^Family Notonectidae (backswimmers) 

One species (not determined) 1920 

^Family Gerridae (water striders) 

Gerris incognitus Drake & Harris 1950, 
1920, 1910. 

Family Miridae (leaf bugs or plant bugs) 

Irbisia sericans (Stal) 1875 
Teratocoris saundersi Doug & Scott 
1920, 1875. 

Trigonotylus sp. 1875 

Mecomma gilvipes (Stal) I89O, 1875 

Family Lygaeidae (lygaeid bugs) 

Nysius ericae (Schilling) 189O 

Family Saldidae (shore bugs) 

*Saldula littoralis (Fabr) 1920, 1875. 

Order Homoptera 

Family Cicadellidae (leafhoppers) 

Evacanthus acuminatus (Fabr) 1890 
Psammotettix confinus Dahlb 1910, I89O. 

Years since 

15 20 

R 

R 

25 30 

area was 

35 ^0 

D 

D 

deglaciated 

U5 55 

D D 

D D 

R 

D D 

D 

D 

D 

75 90 

D 

C 

D 
C 

C D 

D 

D 

C 
D 
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Table 1. (Cont'd) 

Deltocephalus nigiventer S. & Del I89O 
Scleroracus plutonius (Uhl) 1890 
Macrostles fascifrons (complex) 1910, 
1890. 

Family Fulgoridae (Planthoppers) 

Two species (not determined) I89O 

Family Psyllidae (jumping plant lice) 

Psylla minor Crawf. 1910, 1890. 
Psylla 3 spp (not determined) 1910 

Family Aphididae (plant lice) 

Thripsaphis sp. 1875 
Macrosiphum sp. I89O 
Boernerina (Boernerinella) sp. 1925 
Pterocomma bicolor (Oestl) 1930, 1890. 
Callaphidini (not determined) 1930 

Macrosiphum euphorbiae (Thos) 1890 

Order Coleoptera - Beetles 

Family Cicindelidae (tiger beetles) 

One species (not determined) 19*+0 

Family Carabidae (ground beetles) 

Elaphrus ruscarius Say 1890, 1875. 
Nebria metallica Fischer 189O, 1875. 
Nebria sahlbergi Fischer 1920, 1910, 
I89O, 1875. 

Bembidion (Platyphodes) complanuleum 
(Mannerheim) 1930, 1920. 

Trechus chalybeus (Dejean) 1875 
Bothriopterus adstrictus (Esch) I89O, 

1875. 
Pristodactyla advena (LeConte) 1920, 
1910, 1890, 1875. 

Years since 

15 20 25 30 

R 

area was 

35 kO 

C 
D 

C 

C 

deglaciated 

^5 55 

D 

C 
C 

C R 

C 

C C 

75 90 

c 
c 

D 

R 

C 

C 

c 

D 

D 

C C 
C C 

R R 

R 

c c 

D D 
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Table 1. (Cont'd) 

109 

Years since area was deglaciated 

15 20 25 30 35 Uo 1+5 55 75 90 

*Family Dytiscidae (predaceous diving 
beetles) 

Deronectes griseostriatus (DeGeer) 
1950, 1930. R C 

Hydroporus sp. 1950, 19^5. R R 
Agabus tristis Auke 193O, 1920, 1910. C C C 
Agabus strigulosus (Crotch) 1920 R 
Rhantus divisus Auke 193O R 
Acilius semisulcatus abbreviatus 
Mannerheim 1920, 1910. C C 

Oreodytes alaskanus Fall 1920 R 
Ilybius quadrimaculatus Auke 1920, 
1910. C C ; 

*Family Hydrophilidae (water scavenger 
beetles) 

Crenitis morata (Horn) 1930 R 

Family Leiodidae (leiodid beetles) 

Hydnocera sp. 1875 R 

Family Leptodiridae (small carrion 
beetles) 

Catopine sp. 1890 C 

Family Staphylinidae (rove beetles) I 

Stenu.s sp. 1930, 1920. C C 

Species of Omaltinae (not determined) 
1890 R 

Species of Bolitobiini (not determined) 

1890 R 

Family Cantharidae (soldier beetles) 

One species (not determined) I89O, 1875. C C 

Family Elateridae (click beetles) 

One species (not determined) 1910 R 



Table 1. (Cont'd) 

Family Helodidae (soft-bodied plant 
beetles) 

Cyphon variabilis Thunb? 1920 

Family Meloidae (blister beetles) 

Meloe sp. 1930, 1920, 1890. 

Family Curculionidae (snout beetles) 

Lepyrus sp, 1875 

*0rder Trichoptera - Caddisflies 

Family Limnephilidae 

Limnephilus vastus 1920, l875» 
Limnephilus sp, 1950, 1930, 1910. 
Arctopsyche sp. 1920, 1910. 
Ecclisomyia conspersa Bks I89O, l875« 
Limnephilus harrimani Bks I89O, 1875, 
1920. 

Limnephilus sericeus 1875 

Order Lepidoptera - Moths and butterflies 

Family Fhalaenidae (noctuid moths) 

Diarsia rubifera (Grote) I89O 
One species (not determined) 1910 

Family Geometridae (measuring worms) 

One species (not determined) 19IO 

Family Olethreutidae (codling moth 
family) 

One species (not determined) 1910 

Family Aegeriidae (clear-winged moths) 

Ramosia sp. 1910 

Years since 

15 20 

R 

25 30 

area was 

35 ^0 

R 

R 

deglaciated 

U-5 55 

C 

R 

C 
C 

c c 

c 

R 

C 

C 

R 

75 90 

R 

B 

C 

C C 

C C 
R 

C 
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Table 1. (Cont'd) 
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Years since area was deglaciated 

15 20 25 30 35 *K> ^5 55 75 90 

Family Plutellidae (diamond-back moths) 

Plutella interrupta Wlsm I89O C 

One species (not determined) 1910 | R 

Family Nepticulidae (leaf miners) 

Mepticula sp. 1890 C 

Order Diptera - Flies 

Family Tipulidae (crane flies) 

Nephrotoma sp. 1910 ! C 

Limonia sp. 1925, 1875. C C 

*Family Chironomidae (midges) 

Species-immature stages from water 

1920, 1910. C C 

Family Ceratopogonidae (biting midges) ; 

Beggia sp. 1910 C 

^Family Simuliidae (black flies) 

Simulium vittatum Zett 1925, 1920, i 

1890, 1875. ! D D D D 
Simulium (Eusimulium) sp. probably 
aureum Fries 1910, I89O. D D 

Prosimulium fulvum (coq) 1910, 189O. j D D 

Prosimulium sp. 1920, 1910, I89O. ! C C C 

*Family Culicidae (mosquitoes) 

Culiseta incidens (Thomson) 1910 | D 

Culiseta sp. 1930 C 

Aedes sp. I89O C 

Family Dixidae (dixid midges) 

Species-immature stages in water 1930 C 
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Years since area was deglaciated 
•! • I • « •• • I •— I I • . | I I • •• • - ••••— . • ••- •! •• —I — I .1 • I • I I I 

15 20 25 30 35 ko k5 55 75 90 

Family Bibionidae (march flies) 

Bibio vestitus Walk I89O C 
Dilophus tibialis Lw 1875 C 

Family Scatopsidae (minute blace scavenger 
flies) 

Species (not determined) 1875 0 

Family Mycetophilidae (fungus gnats) 

Boletina sp. 1920, 1910, 1890, 1875. C C C C 

Mycetophila sp. I89O C 

Family Sciaridae (dark-winged fungus 
gnats) 

Bradysia sp. 1925, 1910, I89O, 1875. C C C C 

^Family Tabanidae (horse flies, deer 
flies) 

Hybomitra atrobasis (Med) 1910 C 

Family Therevidae (stiletto flies) 

Species (not determined) 1910 C 

Family Syrphidae (flower flies) " j 

Volucella bombylans var plumata 
(DeGeer) 1950, I89O. R C 

Helophilus borealis Staeger 1950, 
I9I0, 1890. R I C D 

Eristalis anthophorinus (Fallen) 
1950, 1910. R I C 

Pyrophaena granditarsis (Forst) 1875 j C 
Carposcalis squamulae Curran 1890 C 
Melanostoma angustatum Williston I89O C 
Melanostoma carposcalis group 1875 C 
Sphaerophoria menthastri (Linn) I89O C 
Syrphus torvus Ost, Sach I89O C 
Syrphus vitripennis Meigen I89O C 
Dasysyrphus n.sp. 1890 C 
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Years since area was deglaciated 

15 20 25 30 35 k0 k5 55 75 90 

Melangyna tarsata (Zett) 1950, 189O. R | C 
Platycheirus inversus Ide 1925, 1890. C C 
Flatycheirus perpallidus Verrall 1950 R 
Platycheirus pelatus group 1920 C 

Family Tachinidae (tachinid flies) 

Nowickia hispida (Tothill) 1910 R 

Family Calliphoridae (blow flies) 

Protophormia terraenovae (Rob. & Des) 
1950, 1890, 1875. C C 

Cynomyopsis cadaverina (Rob. & Des) 
1910, 1890, 1875. C C C 

Calliphora terraenovae Macq I89O, 1875. C C 

Acronesia anana Hall 1910 C 

Family Muscidae (muscid flies) j 

Species (not determined) 1910 : C 

Family Hippoboscidae (louse flies) 

Ornithomyia fringillina Curtus 189O R 
Order Hymenoptera - Sawflies, wasps, bees 
and ants 

Family Cimbicidae (cimbicid sawflies) 

Trichiosoma sp. 1910, 1875. C C 

Family Tenthredinidae (typical sawflies) 

Dolerus elderi Km. 1925 C 
Dolerus sp. 1920 C 
Nematinus oronus (Kincaid) 1925, I89O. C C 
Phyllocolpa peninsularis (Kincaid) 1925 C 
Phyllocolpa sp. 1910 C 

Phyllocolpa sp. 1925 C 
Euura sp. 1925 R 
Mematus sp. 1925 D 
Pontania sp. 1920 R 
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Years since area was deglaciated 

15 20 25 30 35 ho k5 55 75 90 
Family Braconidae (braconid wasps-
parasitic) 

Apanteles sp. 1875 R 
Microplitis sp. 1Q25 R 
Ephedrus sp. I89O C 
Euaphidius sp. 1925 R 
Aphidius sp. I896 R 
Praon sp. 1875 R 
Meteorus dimidiatus (Cr) I89O R 
Chelonus sp. I89O R 
Opius sp. 1875 C 
Dacnusa harringtoni (Ashm) 1890 R 
Aspilota spp. I89O C 
Aphaereta pallipes (Say) 1875 R 
Aphaereta sp. 1920, I89O. R R 
Synaldis sp. 1925 R 
Alysia spp. 1925, I89O, 1875- I C C C 

Family Diapriidae (diapriid wasps) 

Belyta sp. 1925, I89O. C C 

Family Platygasteridae (platygasterid 

wasps) I 

Platygaster sp. 1890 R 

Family Bethylidae (bethylid wasps) 

Species (not determined) I89O C 

Family Sphecidae (sphecid wasps) ! 

Crabo sp. 1875 \ R 

Family Apidae (bees, bumble bees) 

Bombus sp. (on alder blossoms) 1950, 
1890, 1875. R C C 

Psithyrus sp. 1950, 1890. R C 
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Table 1. (Cont'd) 
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Years since area was deglaciated 

15 20 25 30 35 Uo k$ 55 75 90 
1 ' ' ' " '~'™ ' ","1"- | • • "•"• ^—^—^—^— i •••!•! •••in. 

Family Figitidae (parasitic wasps) 

Melanips sp_. 1925, 1920 R R 

Family Cynipidae (gall wasps) 

Kleidotoma alaskensis (Ashm.) 1925, 1920 R R 

Family Eulophidae (parasitic wasps) 

Tetrastichus sp. 1890 R 

Dicladocerus sp. 1925, 1910 R R 

Chrysocharis sp. 1925, 1920 R R 

Family Pteromalidae (minute parasitic wasps) 

Amblymerus sp. 1875 R 

Mesopolobus sp. 1890 R 
Terobia sp_. 1925, 1890, 1875 R C C 

Order Araneida - Spiders 

Family Linyphiidae 

One species 1910 C 

Family Thomisidae 

Xysticus sp. 1920 C 

Family Agelenidae 

Cryphoeca sp. 1930 C 

Family Lycosidae 

Pardosa sp. 1925, 1920, 1910. C C C 

Pirata sp. 1910 C 

Order Acarina 

Family Bdellidae 

Neomolgus littoralis (L) 1910 C 



Figure 1 - Map of Muir Inlet area showing retreat of glacier fronts by 
decades since 1880. Circled numbers are figures which are 
photographs of particular insect habitats that were studied 
in detail. Black squares indicate locations of meteorological 
stations. 
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Figure 2 - Pool formed shortly after glacier recession and before 
accumulation of organic matter. 

Figure 3 - Pond showing Equisetum growing in shallow place. 

Figure h - Pond showing Equisetum in shallow water and alder growing 
at margin. 
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Figure 5 - Pond showing how alder leaves accumulate from shrubs at edge. 

Figure 6 - Oldest ponds (Klotz Hills) with l/3-meter or more 
of accumulated organic material. 
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Figure 7 - Early stage of Dryas drummondii invading glaciated area. 

Figure 8 - Later stage of Dryas drummondii invading glaciated area. 

Figure 9 - Depression showing young alder invading an area of 
Dryas drummondii . 
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Figure 10 - Tidal flat showing salt grass, Puccinellia phyganodes, 
covered with icebergs when tide recedes. 

Figure 11 - Strawberry meadow with young spruce in 75-year-old recession zone. 

120 



PART 6. BIRDS 

by 

Milton B. Trautman 
Department of Zoology and Entomology 

and 
Institute of Polar Studies 

ABSTRACT 

Since 1882 the rate of retreat (deglaciation) of the Muir Glacier and, 
after 1900, of some of its major glacier tributaries, has been documented. 

In June of 1965 several transect lines were established from the melt
ing edge of Casement Glacier (formerly a tributary of Muir Glacier), each 
radiating outward across terrains whose dates of emergence are known. Ob
servations were made along these transect lines at intervals between June 
10 and August 2. Studied were the lengths of time necessary for develop
ment of habitat types and their bird associations, beginning with the 
least vegetated type nearest the glacial front and its Snow Bunting 
Plectrophenax nivalis - Rock Ptarmigan Lagopus mutus association, through 
several distinctive, increasingly complex, vegetative types and their more 
diverse bird associations, to the maturing Sitka spruce Picea sitchensis 
(Bong) Carriere - western hemlock Tsuga heterophylla (Raf.) Sarg. forest 
type and its Chestnut-backed Chickadee Parus rufescens - Varied Thrush 
Ixoreus naevius - Pine Grosbeak Pinicola enucleator bird association. 

Data, primarily concerning nesting species, substantiated the in
ference that a species moves in immediately or shortly after establishment 
of its habitat, provided there is a nearby population of that species. 

INTRODUCTION 

During the summer of 1962, general observations on the habitats of birds 
were included in a preliminary study of the biota by Welch (1965). 

The detailed ornithological studies in the present report were conducted 
principally between June 10 and August 2, I965, on the eastern side of Muir 
Inlet, from opposite Garforth Island northward 22 kilometers along the east 
coast of the Inlet, including Sealers Island; to approximately 1.5 kilometers 
north of The Nunatak; east 5 kilometers to the lower half of Red Mountain; 
southwest 19 kilometers along the retreating front of Casement Glacier to, 
and including, the large island near the head of Adams Inlet; continuing south-
westward along the south shore of Adams Inlet, around the lower slopes of Mt. 
Case, thence southward along the lower slopes of Mt. Wright, to the starting 
point opposite Garforth Island (Fig. l). 

In addition, July 27 was spent investigating he spruce-hemlock community 
along the coast, 25 kilometers south of Mt. Wright and immediately north of 
Beartrack Cove. From July 29 to 31 was spent in the vicinity of Bartlett Cove, 
about 15 kilometers south of Beartrack Cove (Frontispiece). 
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METHODS 

Several transect lines were established in the study area, these 
radiating from the retreating terminus of Casement Glacier. The transects 
crossed sections of land whose dates of deglaciation are known. Portions 
of these transects were traversed frequently, checking and rechecking 
observations. Of the 110 species of birds recorded during the investiga
tion (Table l), only the more numerous nesting species are discussed in 
this report. The relative abundance of these species in relation to their 
occurrence in the zones of deglaciation are tabulated in Table 2. (The 
scientific name of a plant or animal is included the first time that its 
English name is given; thereafter, only the English name is given. Plant 
names are mostly those used by Anderson, 1959; names of birds, are from the 
American Ornithologists' Union Check-list, 1957)* 

HABITATS 

The longest transect began on the ablation moraine on Casement 
Glacier, a few hundred meters up the glacier from its terminus, continuing 
southerly approximately 19 kilometers to the coast opposite Garforth 
Island (Fig. l). It traversed lands deglaciated 0 to 90 years ago; the 
habitats ranged from those almost devoid of vascular plants, through 
increasing amounts and densities of vegetation, to a developing spruce-
hemlock community. 

Ablation moraine on Casement Glacier 

The overburden covering the ice on the forepart of Casement Glacier 
consisted of angular rocks, rounded boulders, gravel, and smaller forms . 
of glacial till, with occasional exposed patches or blocks of ice (Fig. 2). 
Non-vascular plants, such as diatoms, algae, fungi, mosses and lichens, 
were present and some were widespread. Vascular plants were few, con
sisting of- isolated plants of dwarf (Epilobium latifolium L.) and common 
(Epilobium angustifolium L.) fireweeds, dwarf willows (Salix sp.) and 
small Alaska alders (Alnus incana). 

No bird species was observed on the overburden although clumps of 
Ptarmigan droppings were found, indicating that one or more birds had 
spent the night there (presumably Rock Ptarmigans, Lagopus mutus). Snow 
Buntings (Plectrophenax nivalis), Rosy Finches (Leucosticte tephrocotis), 
Common Redpolls (Acanthus flammea) and Pine Siskins (Spinus' pinus) were 
frequently observed flying over, presumably from one feeding locality to 
another or from, or to, their nests. 

Area deglaciated 0 to 10 years 

The habitat immediately in front of the glacier's terminus had been 
deglaciated 0 to 10 years (1955-I965). It was composed of very coarse 
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glacial till with both angular and rounded boulders (Fig. 3). Vascular 
plants were few in species and numbers, small in size and consisted 
chiefly of fireweeds, small willows and alders. Rock Ptarmigans and 
Snow Buntings were found with their young, the adult buntings gathering 
large quantities of flying insects in their bills to feed their young. 
These insects swarmed in the lee of small plants. Adult Rosy Finches 
were observed feeding young, presumably by regurgitation, and it was 
believed that the adults had nested in this section or adjacent to it. 
Adult Redpolls also were seen feeding young, and unattended young Red
polls were observed picking insects from vegetation and eating alder 
seeds. 

Area deglaciated 10 to 20 years 

In those sections, deglaciated 10 to 20 years ago (19^5-1955)> 
mountain avens (Dryas drummondii Rich.) formed mats over the boulders and 
gravels, covering 20 to 90 percent of the surface (Fig. k). Small alders 
were the dominant shrub, forming clumps or borders along the wet and dry 
drainage channels, where soils had begun to accumulate. The Rock Ptarmi
gans and Snow Buntings utilized this habitat for feeding and possibly 
nesting. The Savannah Sparrow (Passerculus sandwichensis) usually was 
quite numerous as a conspicuous nesting species; Least Sandpipers (Erolia 
minutilla) had a nesting density as great as one pair per 8 hectares (20 
acres); Orange-crowned Warblers (Vermivora celata) and Redpolls nested in 
smaller numbers. Occasional large groups of Redpolls, mostly young, 
alighted in these sections to feed on insects and alder seeds. 

Area deglaciated IS to 25 years 

In those sections freed of glacial ice 15 to 25 years previously 
(19^0-1950) and where overall erosion was slight, there had occurred a 
fair accumulation of soils; consequently 50 to 90 percent of the surface 
was covered with plants. Alders normally were the dominant shrub, some 
of which were 2 meters in height and fruiting heavily, and these were 
beginning to crowd out and replace the mats of avens and their associates 
(Fig. 5). Willow Ptarmigans (Lagopus lagopus) were found nesting, and 
the Rock Ptarmigan also presumably nested here. Snow Buntings were 
rare or absent, both as regards nesting and feeding. Least Sandpipers 
were present in small numbers. Savannah Sparrows appeared to reach their 
greatest nesting density; often the nesting numbers of Orange-crowned 
Warblers were rather high; Fox Sparrows ( Passerella iliaca) and Yellow 
Warblers (Dendroica petechia) nested in fair numbers. Occasional pairs 
of Hermit Thrushes (Hylocichla guttata) and Oregon Juncos (Junco oreganus) 
were found at their nests and/or feeding young. 

Area deglaciated 15 to 35 years 

Many of the high, flat areas in sections freed of glacial ice 15 to 
35 years (1930-1950) previously had experienced little overall erosion; 
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consequently vegetation had developed rapidly, covering 70 to 100 percent 
of the surface. Alders, averaging 2 meters in height, formed large, 
dense thickets (Fig. 6). Willows of several species and black cotton-
woods (Populus triocarpa Tourn. & Gray) had begun to over-top the alders. 
Mountain avens was becoming isolated in patches and these were in the 
process of being crowded out by encroaching shrubs, trees, and herbaceous 
plant species. Obviously the transition from an herbaceous-small shrub 
community towards an herbaceous-shrub tree community had begun. 

No Rock Ptarmigans or Snow Buntings were observed, and the few pairs 
of Least Sandpipers were restricted to those areas of scanty vegetation. 
Nesting Savannah Sparrows were present in notable numbers but were less 
numerous then they were in less dense vegetation. Nesting and feeding 
Willow Ptarmigans were found in small numbers; there were fair nesting 
populations of Hermit Thrushes, Orange-crowned and Yellow warblers, and 
a larger number of nesting Fox Sparrows. Occasional nesting pairs of 
Wilson's Warblers (Wilsonia pusilia) were noted. 

Outwash channels 

Erosion severe. - Vegetation in outwash channels between the more 
level highlands, deglaciated 15 to 50 years ago (1915-1950), had been 
greatly inhibited wherever erosion was continuous or had been severe 
recently. The steep, gravel slopes of the high banks bordering the chan
nels-were almost devoid of vegetation, except in the more protected 
gullies (Fig. 7). Patches of avens were scattered over the valley floor, 
and the alder-willow association was restricted largely to stream channels, 
with or without surface water. There was a marked difference in amount 
and height of vegetation between the valley floor and the intervening 
high lands, with their dense, almost impenetrable thickets of mature 
alders. 

The Water Pipits (Anthus spinoletta) and Semipalmated Plovers 
(Charadrius semipalmatus) were characteristic nesting species along the 
high banks. The Pipits nested usually in narrow openings beneath rocks 
lying along the base of the banks. The adults gathered food by perching 
on the tips of shrubs growing on the top of the banks and occasionally 
sallying forth, fly-catcher fashion, to capture flying insects; also they 
gathered insects from nearby patches of mountain avens. The Plovers 
nested beside seepage areas near the banks, where they and their young 
fed. 

The clumps of alders and alder-bordered channels usually contained 
large nesting populations of Savannah and Fox sparrows and Orange-crowned 
Warblers, and smaller numbers of Yellow and Wilson's warblers, Redpolls, 
Hermit and Gray-cheeked•(Hylocichla minima) thrushes. The many empty 
nests of Redpolls suggested that a few weeks previous to our arrival the 
species had been nesting rather abundantly, presumably utilizing the 
large crop of alder seeds. 
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Erosion moderate. - In those sections of outwash channels where 
erosion apparently had not been severe recently, mountain avens formed 
an almost continuous mat on the valley floor (Fig. 8). Few bird species 
utilized these areas for nesting, but if the mat was extensive, an 
occasional pair of Parasitic Jaegers (Stercorarius parasiticus) nested 
there. 

Eskers were present at the head of some outwash channels, their steep 
slopes of loose gravel containing little or no vegetation. Snow Buntings 
utilized their sharp crests for singing and territorial perches, frequent
ly making sallies from them to capture flying insects. Ptarmigans also 
perched and roosted on these crests. 

Klotz Hills area deglaciated 55 to 75 years 

The Klotz Hills were situated approximately 10 kilometers southwest 
of Casement Glacier (the habitats discussed above were between the Klotz 
hills and the glacier). These hills, deglaciated 55 to 75 years ago 
(189O-I9IO), contained mature stands of alders 3 to 6 meters high, inter
spersed or over-topped with willows, black cottonwoods and infrequent 
Sitka spruces, Picea sitchensis (Bong.) Carr (Fig. 9). 

There were many diverse habitats present. In dense stands of alders 
Wilson's Warblers nested abundantly, Myrtle Warblers (Pendroica coronata), 
Varied Thrushes (ixoreus naevius) and Oregon Juncos sparingly. Hermit 
and Gray-cheeked thrushes most frequently nested in the more open cover 
and especially where the ground was boggy and along brook margins. The 
Yellow and Orange-crowned warblers, Redpolls and Fox Sparrows were 
largely restricted to brushy edges, and pairs or small colonies of 
Lincoln's Sparrows (Melospiza lincolnii) nested in the larger bogs. The 
comparatively few, nesting Savannah Sparrows were confined to areas of 
sparse vegetation. 

Mt. Wright area deglaciated 75 to 85 years 

The lower slopes of Mt. Wright and Mt. Case, from the shore of Muir 
Inlet inland to an altitude of about 250 meters (800 feet), had been 
deglaciated prior to I89O (75 to 85 years previously). Most of the area 
was forested and the mature alders and willows were being over-topped by 
black cottonwoods and fruiting Sitka spruces (Fig. 10). A rather large 
number of grasses, sedges and other herbaceous plants were present 
wherever the shade was not too dense. These were also numerous on the 
rocky, rather barren, upper slopes. 

The forest-inhabiting birds dominated the wooded sections. The 
Blue Grouse (Pendragapus obscurus) were present in small numbers. Nesting 
Hermit and Gray-cheeked thrushes were moderately numerous and Varied 
Thrushes were well-represented. A few family groups of Chestnut-backed 
Chickadees (Parus rufescens), Ruby-crowned Kinglets (Regalus calendula) 
and Pine Grosbeaks (Pinicola enucleator) were observed. Pine Siskins and 
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Common Redpolls, both adults and young, were present in considerable 
numbers, presumably because of the abundance of spruce seeds. Families 
and flocks of as many as 50 Northwestern Crows (Corvus caurinus) and 
a few family groups of Common Ravens (Corvus corax) inhabited the forests, 
rocky slopes and beaches. The nesting population of Wilson's Warblers 
apparently was smaller than it was in the dense stands of mature alders. 
Savannah and Fox sparrows, Orange-crowned and Yellow warblers were 
largely confined to the shrub zones. The Golden-crowned Sparrows 
(Zonotrichia coronata) nested in small numbers above 150 meters (500 
feet) elevation, where the forest was replaced by a small shrub-herbaceous 
plant community. 

Bartlett Cove area deglaciated 130 to 200 years 

Bartlett Cove, situated k-0 to 50 kilometers south of the Muir Inlet 
study area (Frontispiece), has been deglaciated for more than 130 years 
and probably nearer 200 years. Decker (this volume) counting the annuli 
of recently-cut spruce logs, found the age of the trees to range from 
73 to 1U5 years, averaging 125 years. The shrub zone consisted primarily 
of an alder-willow-poplar community in which the usual group of shrub 
nesting species of birds was observed. The forest consisted of mature 
stands of Sitka spruce, western hemlock (Tsuga heterophylla [Raf.3 Sarg.) 
and associates (Fig. 11). Nesting evidence was obtained of some of its 
diverse avifauna, the Bald Eagle (Haliaeetus leucocephalus), Blue Grouse, 
Chestnut-backed Chickadee, Varied, Hermit and Swainson's (Hylocichla 
ustulata) thrushes, Ruby-crowned and Golden-crowned (Regulus satrapa) 
kinglets, Townsend's Warbler (Dendroica townsendi), Pine Grosbeak, Common 
Redpoll, Pine Siskin and Oregon Junco. 

Glacial lakes 

From 1 to 10 years old. - Many morainic and rock basin lakes were 
present, products of the retreating glaciers (Fig. 12). When recently 
formed, one to 10 years (1955-1965) previously, they appeared to be quite 
sterile, containing little visible plant or animal life. Red-throated 
Loons (Gavia stellata), Glaucous-winged (Larue glaucescens), Herring (Larug 
argentatus) and Mew (Larus canus) gulls utilized them as loafing and ~ ~~ 
resting areas. A few flightless young Mew Gulls, accompanied by adults, 
were seen on some of the lakes. 

After the existence of 12 or 15 years of a lake or pond, the amounts 
of plant and animal life begin to increase rapidly. By the time they 
have attained 20 years of age there usually is present a flora consisting 
of several species of algae, mosses, horsetails (usually northern scouring 
rush Equisetum variegatum Schleich), grasses, and sedges. Other herbaceous 
plants and shrubs have begun to encroach to the water's edge. 

At least one-third of the ponds and lakes between 20 to 25 years of 
age contained a pair of nesting Red-throated Loons. Small colonies of 
Mew Gulls had their nests on the tops of large rocks on islands in the 
ponds, or the nests were placed beneath land vegetation. Colonies of 
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Arctic Terns (Sterna paradisaea) nested on a few of the larger lakes, on 
islands which had remained almost without vegetation. Many of these 
lakes contained no fish life, the loons, gulls and terns foraging for 
food in Muir and Adams inlets, often at considerable distances from their 
nesting sites. 

More than 25 years old. - Ponds and lakes more than 25 years old con
tained rather large amounts of aquatic vegetation and often were densely 
bordered with a shrub-herbaceous plant community (Fig. 13). Some contain
ed fair-sized populations of aquatic insects and one to three species of 
fishes, the most abundant of which was the threespine stickleback (Gaster-
osteus aculeatus). 

The large island at the upper end of Adams Inlet, uncovered iust 
after 1935? contained many ponds in which were found, in one day, a pair 
of Common Loons (Gavia immer) with one young, Ik pairs of adults with 
young of the Red-throated Loon, a few young Mallards (Anas platyrhynchos), 
12 broods of Lesser Scaups (Aythya affinis), many young Mew Gulls and 
Arctic Terns, and two recently fledged Bonaparte Gulls (Larus Philadelphia). 
Almost every pond contained a brood of Spotted Sandpipers" (Actitis 
macularia). Hundreds of Canada Geese (Branta canadensis), a few Pintails 
(Anas acuta), Green-winged Teals (Anas carolinensis), and American 
Widgeons (Marcea americana) were observed to be flightless or in the 
"flapper stage", but no definite nesting evidence was noted. 

Sea shore 

The shores bordering Muir and Adams inlets and Bartlett Cove were of 
many types, ranging from sand-gravel beaches to high, rock cliffs. 

Beaches. - The gently sloping sand-gravel beaches above high tide, 
established before 1920, usually contained a grass-sedge-herbaceous plant 
community in which beach rye grass (Elymus mollis Trin.), alkali-grass 
(Puccinellia Pari, sp), sea-beach sandwort (Arenaria peploides L.) and 
sea lungwort (Mertensia maritima [L.] S. F. Gray) were often dominant 
(Fig. lU). Bordering the above community were alders and willows, the 
dense stands usually beginning at the point where the slope first 
steepened. 

The Spotted Sandpiper and Black Oystercatcher (Haematopus bachmani) 
were the most conspicuous and frequently the only species nesting on such 
beaches; however, many birds nesting in the vicinity, fed or obtained 
food for young from them. Least Sandpipers and Semipalmated Plovers were 
observed to leave their inland nesting territories to feed briefly along 
the beaches, usually at low tide. Redpolls and Siskins fed in considerable 
numbers upon the abundant seeds of beach rye grass and sandwort as did the 
nearby nesting Fox and Savannah sparrows. 

Adult Rosy Finches were observed feeding upon seeds, throughout June 
and early July, on the sand-gravel beaches between three and five kilom
eters southwest of Casement Glacier. After feeding several minutes> one 
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or more would fly towards Casement Glacier. Following their line of 
flight the adults were observed flying to the rocky cliffs and talus 
slopes of the mountains bordering the glacier; also, many were seen fly
ing from the mountain sides to the beaches. After July 10, bob-tailed 
young were found around the glacier and adults came from the direction of 
the beaches to feed their young. Unlike the habits of Snow Buntings and 
Water Pipits no insects or other food were observed in the bills of the 
Rosy Finches, and it was assumed that the young were fed by regurgitation. 

Cliffs. - In some localities rocky beaches or rocky seacliffs pre-
dominated (Fig. 15). Some cliffs, and rocky Sealers Island, contained 
small or large colonies of Pelagic Cormorants (Phalacrocorax pelagicus), 
Glaucous-winged and Herring gulls, Artie Terns and Pigeon Guillemots 
(Cepphus columba). 

DISCUSSION 

It is evident that after bedrock, glacial tills, ponds, streams, 
eskers, moraines, beaches, etc. have been freed of glacial ice, varying 
lengths of time are needed to produce various habitats, normally through 
ecological succession. Also, that because of diverse types of tills, 
degrees of slope and severity of erosion, sections of land that had been 
liberated from glacial ice at the same time produced notably different 
types of habitat and/or at different rates of speed. 

Erosion, whether periodically or continuously severe, normally in
hibits vegetative growth and retards ecological succession. Because of 
this arresting of ecological succession, the shores of oceans, lakes and 
streams, may remain the nesting habitat of some bird species for many 
years or centuries. The Spotted Sandpiper is an example. Nesting pairs 
of Spotted Sandpipers were observed about ponds, lakes and streams which 
had been liberated from glacial ice only a year or two. Other pairs were 
found along brooks flowing from the Klotz Hills, which had been deglaciate 
since I89O or before. Parents and small young wer<= noted on the beaches 
about Bartlett Cove, deglaciatc-d more than 130 years and perhaps 200 
years ago. 

Temperature, may also be a factor. Snow Buntings nested near the 
retreating terminus of Casement Glacier, among rocks uncovered by glacial 
ice only a few years previously. They likewise nested in similar rocky 
situations close to the snow line on Red Mountain and Mount Wright, where 
tundra-like conditions apparently have existed for a long period of time. 

These examples indicate that whereas length of time after deglacia-
tion was a factor in the succession of habitats, it was less important 
under some conditions than were erosion, temperature, etc. 

There are several bird species, such as the Horned Lark (Eremophila 
alpestris), which are rare or unaccountably absent from southeastern 
coastal Alaska. There appears to be an abundance of prime habitat in 
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the Muir Inlet area and adjacent to it for this highly versatile species, 
yet none was found. The only records for the Horned Lark for nearby 
regions are those of Hartlaub (1883, p. 27^-75), who recorded the species 
from the head of Lynn Canal and from Dyea. 

From the observations of the breeding birds of the Muir Inlet area 
the inference is substantiated that a species of bird moved into an 
area immediately or shortly after the establishment of its habitat, 
provided that there was a nearby population of that species. It remained 
a nesting species as long as its habitat remained. 

After years of gathering data relative to conditions along the 
southern border of the Wisconsin ice sheet, in Ohio and elsewhere, Braun 
(193U, p. 139-1U6; 1951, p. 1^5), Burns (1958, p. 223-230), Goldthwait 
(1953, p. 1 and 3; 1958, p. 200-202), Thomas (1951, p. 153-167), 
Transeau (19U1, p. 210-211), Trautman (1957, p. ̂ -5 and 332-333) and 
Wolfe (195I5 p. 135-137) concluded that during Wisconsin time conditions 
within a comparatively few miles of the ice front were suitable for many 
of the plant and animal species found in Ohio and adjacent states today. 
Deevey (19^9, P* l*+06), however, was of the opinion that because of 
highly unfavorable conditions, species now found in Ohio and neighboring 
states were driven as far south as Mexico and penisular Florida. 

The Muir Inlet observations lend further evidence that conditions 
for many plants and animals may be suitable only a comparatively short 
distance from the glacial fronts. At Casement Glacier the arctic and 
sub-arctic nesting Rock Ptarmigans and Snow Buntings were telescoped 
into a narrow band about a kilometer wide before the retreating ice, and 
within a kilometer of the glacier front Yellow Warblers and other species, 
whose center of nesting is far to the south, nested in suitable habitats 
freed of glacial ice as recently as 15 years previously. This, is possible, 
of course, only where a glacier invades temperate or low latitude regions. 

SUMMARY 

Ornithological observations were made between June 10 and August 2, 
1965 in a study area located on the east side of Muir Inlet and south of 
Casement Glacier. 

Several transect lines were established radiating from Casement 
Glacier, a former tributary of Muir Glacier. Fourteen dated habitats 
along these transects are described, these beginning on the over-burden 
of the retreating terminus of the glacier, with its paucity of plants 
and animals, through successive stages of ecological development, to a 
maturing spruce-hemlock community at Bartlett Cove, with its plethora of 
flora and fauna. The presence and abundance of various species of birds 
nesting in each habitat are discussed. 

These data substantiate the inference that a species of nesting bird 
moves into an area immediately or shortly after the establishment of its 
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habitat, provided there is a nearby population of that species. Also, 
the data tend to substantiate the hypothesis that conditions near the 
glacial fronts in Ohio and neighboring states during the period of 
Wisconsin glaciation should have been somewhat similar to those occurring 
in the Muir Inlet area in 1965• 
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Table 1. List of numbers of bird species and individuals observed in Glacier Bay National Monument, Alaska, between June 11 and July 31, 19651 
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ReKulus satrapQ 
Revulus calendula 
lAiithus spinoletta 
IVermlvora celala 
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NOTES: (l) Identification by Milton B. Trautman, except for four species (preceded by an •) which were seen by E. E. Good and/or R. K. Burnard. With few 
exceptions, all larger numbers of individuals were estimated. 

Itinerary: 

June 12 - July 5 Delta Station: Beside Muir Inlet beach, 1,5 kl north of the base of Klotz Hills; area investigated, within 13 km of camp. 
July 6 - July 12 Muir Cabin: Beside Muir Inlet beach, 0.8 km south of Muir Point and the mouth of Adams Inlet; area investigated, within 

6 km of camp. 
July 13 - July 19 Nunatak Station: Beside Nunatak Cove; area investigated, within 8 km of camp. 
July 2T Part of day spent 1.5 km north of Beartrack Cove; area investigated, along 1.5 km of beach. 
July 29 - July 31 Bartlett Cove; area investigated, within 3 km of camp. 

(2) 1 precedes those species for which definite nesting evidence (in the form of nests, eggs, and/or young) was obtained. 

(3) S precedes those species for which there was some indication that they had nested in the Monument. 

CO The Rufous-necked Sandpiper (-*•) is of special interest because of its occurrence approximately 1500 km southeast of its known range in North 
America, as outlined in the American Ornithologists' Union Check-list (1957, p. 198) and Gabrielson and Lincoln (1959, p. 385). During the 
late afternoon of July 20, a migration of shorebirds became apparent, coincidental with a sharp increase in wind velocity, from the north. 
High winds, accompanied by cold rains, prevailed throughout July 21 and 22, abating on July 23. Throughout this storm period, dozens of 
shorebirds and other bird species were observed flying southward overhead without alighting. On the morning of July 23, Trautman saw four 
small shorebirds flying toward him from the northwest, and then alighting nearby on the beach. While observing them for a period of five 
minutes, he identified them as Rufous-necked Sandpipers. All were the size of Least Sandpipers, had dark, greenish legs and backs mottled 
with shades of black and rufous-brown. The most conspicuously colored of the four had the sides of its head, neck and upper breast suffused 
with a striking tawny-red, and there were definite but faint streakings along the upper sides anteriorly. In two others, the tawny-red was 
more subdued, and in the remaining one there was only a faint suggestion of tawny-red. Had Trautman seen the latter bird by itself, he would 
have considered it to be a Least Sandpiper. Unfortunately none was collected. 



Table 2 . ABUNDANCE OF BIRD SPECIES IN RELATION TO TIME SINCE DEGLACLATION 

(C—Common; U—Uncommon; R—Rare; A—Accidental; N~Nest ing) 

Habitat 

Fig. No. 

Time (yrs) 

Common Loon 
Arctic Loon 
Red-throated Loon 
Pelagic Cormorant 
Great Blue Heron 
Canada Goose 
Black Brant 
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Green-winged Teal 
American Widgeon 
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Common Goldeneye 
Barrow's Goldeneye 
Bufflehead 
Oldsquaw 
Harlequin Duck 
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Greater Yellowlegs 
Lesser Yellowlegs 
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H a b i t a t 

F i g . No. 

Time ( y r s ) 

Arctic Tern 
Camion Murre 
Pigeon Gui l l en ion t 
Barbled M u r r e l e t 
U t t l i t z ' s M u r r e l e t 
Ancient M u r r e l e t 
Cass i n ' s A u k l e t 
Bhinoceros A u k l e t 
Horned P u f f i n 
Parted P u f f i n 
Great Horned Owl 
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Figure 1 - Map of Muir Inlet area showing retreat of glacier fronts by 
decades since 1880. Circled numbers refer to figures, which 
are photographs of particular bird habitats that were studied 
in detail. Black squares indicate locations of meteorological 
stations. 
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Figure 2 - Overburden on terminus of Casement Glacier. 

Figure 3 - Casement Glacier, and valley containing braided outwash 
channels, with vascular plants being small, scattered, 
and few in numbers; area deglaciated less than ten years. 
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Figure k - Glacial till partially covered with mats of mountain avens, 
with small alders being the dominant shrub; area deglaciated 
10 to 20 years. 

Figure 5 - Alders dominant, averaging 2 meters in height, fruiting 
heavily, and crowding out mountain avens and other herbaceous 
plants; small numbers of cottonwoods and willows; area de-
glaciated 15 to 25 years. 
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Figure 6 - Alders 2 meters or more in height forming dense thickets inter
spersed with cottonwoods and willows; mountain avens in sma.1,1 
isolated mats, other herbaceous plants relatively few; area de-
glaciated 15 to 35 years. 

Figure 7 - Alders, cottonwoods and willows largely restricted to drainage 
channels; area deglaciated 15 to 50 or more years. 
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Figure 8 - Mountain avens forming an almost continuous mat over level 
areas, little vegetation on eskers and eroding banks; area 
deglaciated 15 to 50 years. 

Figure 9 - Klotz Hills in foreground; alders 3 to 6 meters in height, inter
spersed and being overtopped by cottonwoods, willows and Sitka 
spruce; area deglaciated 60 to 75 years; in middle distance are 
habitats pictured in Figures 2 to 8. (Photo by E. E. Good) 
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Figure 10 - Lower slope of Mt. Wright; mature alders being crowded out and 
overtopped by cottonwoods and spruces; area deglaciated 75 "to 
85 years. 

Figure 11 - Sitka spruce-western hemlock forest at Bartlett Cove, with 
brushy borders and a varied herbaceous understory; area 
deglaciated more than 130 years. 
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Figure 12 - Morainic and rock-basin lakes, recent products of retreating 
glaciers, 1 to 10 years old. 

Figure 13 - Small lake more than 25 years old. 
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Figure Ik - Beach bordering Muir Inlet just south of confluence of Adams 
Inlet, containing a grass-sedge-herbaceous plant community; 
area deglaciated 75 years. 

Figure 15 - Sea cliffs in upper Muir Inlet. 
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PART 7. MAMMALS 

by 

E. Eugene Good 
Department of Zoology and Entomology 

and 
Institute of Polar Studies 

ABSTRACT 

A study of mammal distribution in recently deglaciated terrain was 
conducted on the east side of Muir Inlet in Glacier Bay National Monument 
during the summer of 19&5. Small mammals were trapped. Large forms were 
located from tracks or signs and by direct observation. 

The first mammals invade new terrain about 25 years after deglacia-
tion. The first species to appear are the wandering shrew, Sorex vagrans 
and the deer mouse, Peromyscus maniculatus. The shrew persists at least 
for several centuries and was common in the oldest vegetation sampled. 
The deer mouse declines in numbers as the hardwood species are replaced 
by Sitka spruce and hemlock. It was not present in mature stands of 
spruce. 

The red-backed vole, Clethrionomys rutilis, which is one of the most 
characteristic mammals of the climax forest of the region, invades when 
spruce groves establish a thick needle carpet on the forest floor. In the 
area studied this occurred about 100 years after the recession of the ice. 
A second insectivore, the masked shrew, Sorex cinereus, invaded at about 
this same time. 

Two species of voles were present. Microtus oeconomus, occupied 
specialized marshy or grassy habitats of a variety of ages. The youngest 
such habitats were 30 years old. Microtus longicaudus, the long-tailed 
vole was a common species above timberline on the mountains around the 
inlet. It was also taken on the lower foothills and in beach rye-grass, 
Elymus mollis, near the north end of the area. 

Larger mammals of several species moved freely throughout the area. 
Mountain goats, Oreamnos americanus, were widely distributed and abundant. 
Coyotes, Canis latrans, were common. Wolves, Canis lupus, visited the 
inlet rather infrequently. Tracks of both brown and black bears were seen 
in various parts of the area and black bears were definitely resident in 
the extreme southern portion where the terrain approached a century in age. 
Tracks of the Wolverine, Gulo gulo, were noted once and the river otter, 
Lutra canadensis, ranged freely near the coast. Most of the larger forms 
moved widely and freely and were not good indicators of habitat change. 

The red squirrel, Tamiasciurus hudsonicus, and the pine marten, Martes 
americana, were present a few kilometers south of the study area. The 
harbor seal, Phoca vitulina, was plentiful in the Inlet and was abundant 
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near the glaciers at the north end. The harbor porpoise, Phocoena vomerina, 
was observed rather frequently and on two occasions northern sea lions, 
Eumetopias jubata, were heard. 

Additional changes in the mammalian fauna were noted in the older 
terrain south of the study area but there was no opportunity to investi
gate these in detail. 

INTRODUCTION 

During the period between June 10 and July 31, I965 a study was made 
of the occurrence and distribution of mammals on the east side of Muir 
Inlet in Glacier Bay National Monument, Alaska (Frontispiece). The area 
covered extended from McBride Glacier at the north to the point near 
Garforth Island where the south slope of Mt. Wright drops sheer into the 
Inlet (Fig. l). On the east the area worked extended to Casement Glacier 
and the meltwater stream flowing south from it and to the large island 
near the head of Adams Inlet. 

A part of one day was spent at Sandy Cove a few kilometers south of 
our work area and limited work was carried out on the west side of Muir 
Inlet near Sebree Island and at Bartlett Cove (Frontispiece). 

An attempt was made to cover all habitat types in all parts of the 
study area and many were visited repeatedly. Small mammals were trapped 
with baited Museum Specials supplied by the Animal Trap Company of America 
at Lititz, Pennsylvania. Larger forms were located or identified by 
direct observation or by tracks or other signs. For each species found, 
data concerning its distribution was gathered and correlated with vegeta
tion, distribution of water, topography, and recent geological history of 
the area. 

A total of 19 species of mammals were recorded in the area during 
the period of this study (Table l). Several others have been reported 
in previous years or were known to be nearby. Some of these are mentioned. 

RESULTS OF STUDY 

In the area studied, the first mammals invaded the outwash gravel 
and till about twenty to twenty-five years after deglaciation. At that 
stage about 75 percent of the land surface was bare. The vegetated area 
was covered with mountain avens (Dryas drummondii) and alder (Alnus 
incana). A few small willows Salix,,sp. and an occasional cottonwood 
(Populus tricocarpa) seedling were noted. The alder occurred in clumps 
on the lower areas and was 1 to 2 meters in height. This habitat corre
sponds closely to that illustrated in the foreground of Figure k of 
Trautman (this volume). 
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At this stage two small mammals were present. The deer mouse 
(Peromyscus maniculatus) and the wandering shrew (Sorex vagrans) were 
trapped here in small numbers. Both of these species increased in numbers 
and were most successfully trapped on terrain about 35 years old. This 
habitat is shown in Figure 6 of Trautman (this volume). In all areas 
deglaciated previous to 1930 both of these species were present in con
siderable numbers, but to the south of Adams Inlet in the area illustrated 
in Figure 10 of Trautman (this volume), the wandering shrew was in part 
replaced by the masked shrew (Sorex cinereus). Of the two species of 
Sorex, S_. vagrans was the pioneer. It was widely distributed throughout 
the area and may well be the first mammal to invade deglaciated terrain. 
The deer mouse was associated with this species where we found it on 
gravel and till but the shrew was common above the tree line on Red 
Mountain where no deer mice were taken. The mountain heath was character
ized by a considerable amount and variety of vegetation as compared with 
the new till and gravel where these species occurred together. 

The masked shrew appears to be a species preferring more ground 
cover or more mature woody stands. The only specimen taken north of Adams 
Inlet was one trapped in the beach rye-grass (Elymus mollis) at Delta 
Station. Both species of Sorex were taken at Muir Cabin, and both were 
taken during one night of trapping at Bartlett Cove, although two of the 
three specimens obtained there proved to be masked shrews. 

Deer mice were common throughout the study area on all terrain more 
than 25 years old except that above tree line. However, on the basis of 
three nights trapping at Bartlett Cove and discussion with several of 
the personnel there, it is believed to be also absent in the mature spruce 
forests farther south. It appears that this species is associated with 
deciduous stands and as these are crowded out by the developing spruce, 
deer mice disappear. 

The tundra vole (Microtus oeconomus) was found in several 
specialized habitats of varying ages. The most typical situation was 
one where water seeping out of gravel slopes produced boggy areas over
grown with thick stands of scouring rush (Equisetum sp.) and bordered 
by a growth of alder. The Equisetum appeared to be a preferred food 
of the tundra vole, and trails and piles of cuttings usually indicated 
the presence of these animals. The oldest location where this species was 
taken was near several small ponds in the Klotz Hills, which has been 
deglaciated for at least 65 years. 

Another boggy stream above G-oose Cove contained a sizeable population 
of this species. This area has been deglaciated about 35 years. A third 
Equisetum marsh where these animals were trapped was near some of the 
small ponds on Adams Island in Adams Inlet. A good population was also 
found in a seep area just above the beach north of the Klotz Hills. 

In addition to these boggy areas a sizeable population of this species 
was found in an extensive stand of beach rye-grass (Elymus mollis) near 
Delta Station north of the Klotz Hills. Three sizeable stands of this 
grass occurred in our study area, the one at Delta Station, one at the 
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Muir Cabin area, and one at Goose Cove. The stand at Delta Station was 
the only one where this species was taken. 

The long-tailed vole (Microtus longicaudus) was a widely distributed 
species in the area and was found in a variety of habitats. In view of 
this it is difficult to place it precisely in the succession. In the 
stand of Elymus in Goose Cove this species was abundant, occupying the 
niche filled by the meadow vole at Delta Station. This Elymus is a beach 
species and its presence is not an indicator of time since glaciation. 
There was seemingly nothing distinctive about the signs left by the two 
species of Microtus. However, each of the two stands of beach grass was 
occupied by a single species of vole. Stands of Elymus also occurred to 
the south of the work area. One at Sandy Cove showed evidence of the 
presence of voles, but there was no opportunity to determine the species. 
A small stand also was present at Bartlett Cove, where it was in the form 
of a narrow strip above the beach and a few meters below a stand of mature 
Sitka spruce. In one night of trapping there, a long-tailed vole was 
taken in the edge of the spruce above the Elymus. It seems more likely 
that this animal was occupying the beach rye-grass than the spruce. Another 
long-tailed vole was taken in the low hills to the north of Forest Creek. 
This was a rocky area overgrown with mountain avens and with stands of 
alder and willows and with some Cottonwood and small spruces. 

When climbing above tree line on Mt. Wright and Red Mountain, 
several of the party noted abundant signs of rodent work in the heath. 
Where snow had recently melted, ridges of soil marked subnivian tunnels 
and many of the newly-emerging plants were nipped off and partially 
eaten. It was not possible to do much trapping at these altitudes because 
of the difficulty of getting to them, but in the one night that trapping 
was done, the only rodent caught was the long-tailed vole. It seems 
probable that the largest population of this species and the reservoir 
from which they invade new areas is in the alpine heaths on the mountains 
in the vicinity of Muir Inlet. 

The red-backed vole (Clethrionomys rutilis) is perhaps the most 
characteristic species of the northern coniferous forests. In the area 
where this study was conducted, very little of the land supports stands 
of spruce. At the extreme southern end, there is a narrow strip of low
land lying between the foot of Mt. Wright and Muir Inlet, which has been 
deglaciated for a period longer than 75 years. Here are to be found 
patches of spruce growing among stands of mature alder. Quite a number of 
these trees are more than 45 centimeters in diameter. Under these spruces, 
and in some places even under the large alders, there is a considerable 
accumulation of organic debris. Here, and especially under the larger 
spruces, a number of red-backed voles were trapped. A few were caught 
nearly as far north as the ruins of John Muir's Cabin, but spruces in 
that area were smaller and litter less deep. Wo red-backed voles were 
found north of Adams Inlet; this species was abundant at Sandy Cove and 
at Bartlett Cove, respectively 14 and 43 kilometers south of Muir Cabin. 

The mainland on the west side of Muir Inlet and behind Sebree Island 
has some excellent stands of spruce. These were larger and with a better-
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developed organic layer underneath than those south of Muir Cabin. 
Intensive trapping was conducted there, but no red-backed voles were 
taken. The trapping was done in such a manner that the results make it 
seem certain that this mammal was not present. The only small mammals 
there were the pioneer species, deer mice and wandering shrews. This 
area of the mainland is peninsular in nature and the upper parts are 
covered with ice or have been deglaciated so recently that no continuous 
habitat suitable for Clethrionomys and Sorex cinereus has had time to 
develop. These species, thus, are effectively barred from access to what 
appears to be an exceedingly favorable habitat. 

Garforth Island lies just south of the study area and a few hundred 
meters off shore. The major part is covered with a young forest of Sitka 
spruce. The organic layer is well-developed and it seems to offer a 
better habitat than is to be found on the mainland a few meters away. 
Careful examination and intensive trapping failed to produce any indica
tion that any species of small mammal had become established there. 
Although otters had established trails across the island, rodents and in-
sectivores have not been able to cross the narrow stretch of water, which 
never freezes but is always just a fe\̂  degrees above that point. 

The red squirrel (Tamiasciurus hudsonicus) was not present in the 
study area. Some spruce in the southern part of the area were beginning 
to bear heavy crops of cones and it appears that the portion could now, 
or soon will be able to, support this species. At Sandy Cove to the 
south, piles of cone cuttings were found and it is apparent that red 
squirrels are established there though the population is not high. 

The pine marten, (Martes americana) is reported to be present at 
Bartlett Cove and might be expected to have extended its range northward 
with the spruce, or more particularly, with the red squirrel, which 
advances with the spruce of cone-bearing size. 

Another mustelid, the short-tailed weasel (Mustela erminea) has been 
reported from the area. No evidence of the presence of this species was 
found during the present study. Welch (1965) reports that this species 
was observed on the south side of the Klotz Hills during the summer of 
1962. His report includes an easily identifiable photograph of this 
animal taken at that location. 

The river otter (Lutra canadensis) occurred in small numbers, mostly 
in the southern half of the study area. This species was actually ob
served only once, but numerous tracks were found. It appeared that most 
of the food for these animals was taken from the sea. Tracks were plenti
ful in sand and on mud flats along the coast, and occasionally farther 
inland, but a number of small ponds containing substantial numbers of 
Dolly Varden trout apparently were not visited by the otters. The one 
individual seen (on June 30) entered the inlet at the extreme southern end 
of the study area and fed a few meters off shore for some time. It 
appeared to have no difficulty in securing food although we were not able 
to identify the specific items consumed. 
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The coyote (Canis latrans) was common and moved freely throughout the 
area. One individual was observed at Bartlett Cove on June 10 and another 
in Adams Inlet in early July. Tracks were observed in all parts of the 
study area, at Sandy Cove, and abundantly on the west side of the Muir Inlet. 
The only scats examined appeared to be composed of mouse hair and bones, 
but ground nesting birds were common and no doubt comprised a substantial 
portion of this mammal's diet during the summer. At the south end of the 
study area near Muir Cabin a well defined trail through the meadows 
paralleled the beach. It is likely that this species was responsible for 
its development. 

The wolf (Canis lupus) was uncommon around Muir Inlet. Tracks of 
this species were first observed on June 15 along the stream which flowed 
out of the Klotz Hills. On July 10, Burnard and Trautman heard wolves 
vocalizing on the west side of Muir Inlet across from Muir Cabin. On 
July 22 wolf tracks were found along a stream on the west side of the 
Inlet, not far from the point where wolves had been heard on July 10. 

Bear tracks were observed in many places in the study area but were 
much more abundant to the south, particularly south of Adams Inlet. 
Both black bears (Ursus americanus) and brown bears (Ursus arctos) were 
present in the area. Black bear tracks were seen as far north in the 
area as was studied. A blue color phase of the black bear, known as the 
glacier bear, was seen by Trautman and Merrill near the upper end of 
Adams Inlet.on June 22. This bear was observed at close range and for 
an extended period. A female with one cub and several other black bears 
were seen by Good, Frickie and DeLong on the west side of the inlet in 
the vicinity of Sebree Island. Black bears were evidently resident in 
that part of the area where spruce was well established. This was in
dicated by the prominent trails with tracks worn as much as 5 centimeters 
deep, by the frequency of droppings, and by the great amount of digging 
and other feeding signs to be seem in the spruce groves. A large per
centage of the spruce trees showed evidence of having been partially 
debarked by bears. In some cases these wounds were quite extensive, 
nearly girdling trees more than 60 centimeters in diameter. Some were 
nearly healed over, indicating a lapse of perhaps a decade or more since 
the damage was inflicted. Others were so fresh that not more than a day 
or two could have passed since the bark was stripped. Marks on the 
trees indicated that both teeth and claws were used to remove the bark. 
Because in some cases as much as one-half or three-fourths of a square 
meter of bark was removed and virtually none of it was to be found in 
the vicinity, it is apparent that it was consumed. The Sitka spruce 
was the only species thus utilized. 

In this south part of the study area, although spruce was well estab
lished, the mature alder still persisted except in the most dense stands 
of spruce. Bears dug for food in these areas so that many square meters 
of the forest floor was torn up. Most of the digging was in areas where 
Poque (Boschniakia rossica) was abundant. This plant is parasitic on the 
roots of alder and is particularly abundant in mature stands of this 
plant. It appeared that the bears were feeding on the tuber-like growths 
attached to the alder roots. Poque was common at least as far south as 
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Sandy Cove, and bears seemed to be plentiful wherever it was growing in 
quantity. 

Brown bears were less plentiful but tracks were found north of the 
Klotz Hills and in quantity on the mud flats between Sebree Island and the 
mainland. They are readily recognized, being about twice as large as 
those of the black bear. 

The wolverine (Gulo gulo) has been reported from the area in I96U 
(Carl Weiman, oral coram.) who said that one found on Red Mountain ex
hibited aggressive behavior before being driven off with rocks. None 
were seen in 1965 out a good set of tracks was found on July 13 at the 
margin of a pond between Delta Station and Casement Glacier. 

The most conspicuous and most common of the larger mammals found in 
the Muir Inlet region is the mountain.goat (Oreamnos americanus). Tracks, ' 
droppings and other signs of the presence of this animal were seen abundant
ly in nearly all parts of the study area from the beach to the mountain 
tops. The principal summer range was in the alpine meadows or heaths. 
This high altitude range was plentiful above all stages of lower habitat 
from glacial ice in the north to well developed spruce forest farther 
south. 

In appeared that in winter the goats stayed at lower elevations and 
browsed on various shrubs and small trees. Those which showed most 
evidence of heavy utilization were Cottonwood, some willows, soapberry 
(Shepherdia canadensis) and Sitka spruce. This was most apparent at 
the north end of the area above Forest Creek. In some places a double 
browse line was evident, the top being as high as the goats could reach 
and the lower presumably indicating the depth of snow cover. 

Movement was extensive during the time that the 1965 party was in 
the field. Goat hair was abundant in the alders below timber line on 
Red Mbuntain and droppings could be found almost anywhere. Goats were 
repeatedly seen on the beach and tracks could be found on almost any 
mud fiat exposed at low tide. 

The presence of two other animals was detected through the presence 
of tracks and other signs. In one of the sandy flats between Raven Rocks 
and the mouth of Forest Creek, tracks were observed which were tentatively 
identified as lynx (Lynx canadensis). It was not a place where this 
species would have been expected but the tracks, although not sharply 
defined, did not fit any of the other possibilities. 

The other unexpected species was the black-tailed deer (Dama hemionus). 
A bed and some droppings left by this species were found in the spruce 
forest a hundred meters back from the beach at Sandy Cove. Black •'•tailed 
deer had not been observed in this general area. 

Three species of aquatic mammals were found in Muir Inlet during the 
period of this study. The most abundant was the harbor seal (Phoda 
vitulina). These animals were common throughout the Inlet but were most 
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abundant on the icebergs which were always present between Riggs and Muir 
glaciers. From a point off Riggs Glacier on July 11, more than fifty seals 
were counted from the boat. A week or so later, Trautman counted over 1+00 
seals from an observation point on one of the hills nearby. Many pups were 
observed with the adults. This species is still hunted by the Indians and, 
as a consequence, is relatively shy. 

CONCLUSIONS 

The area investigated proved to be an excellent one from the stand
point of mammal distribution. Nearly all of the mammals common to the 
region were present, and it is believed that the general relationship of 
their distribution pattern to the recent glacial history of the area 
under study is fairly well understood. In all cases this has borne a 
close relationship to the development of the vegetative cover. The choice 
of area was particularly fortunate because all species expected have been 
able to move in and occupy the terrain as rapidly as it becomes habitable. 
This has not been true in some of the similar nearby areas. For instance, 
on the west side of Muir Inlet, the geological history is similar and 
the vegetation resembles that on the east side. However, several species 
of small mammals have not been able to invade this highly favorable 
habitat, because there is no access. 

It is not clear how some species present in the study area were able 
to get there. The wandering shrew and the deer mouse move onto deglaciated 
terrain as soon as a small percent is vegetated, and both species persist 
at least until the spruce forest is well established. Populations can 
thus expand freely and have a good chance of reaching new areas soon after 
they become habitable. A species like the red-backed vole on the other 
hand cannot become established until sizeable spruce has developed. This 
apparently takes nearly a century in the Muir Inlet area. The only such 
portion of our study area was a small triangle at the extreme southern 
end, bounded on the west by Muir Inlet, on the south and east by Mt. 
Wright, and on the north by younger terrain. It seems to be effectively 
isolated. Any of the possible invasion routes between this area and 
established red-backed vole populations must traverse much more extensive 
areas of inhospitable terrain than it was believed these animals were 
capable of crossing. One possibility to be considered is invasion from 
large refugia from Lynn Canal through Endicott Valley (nowhere over a 
few hundred meters above sea level) during the deglaciation of Adams 
Inlet in the 1930's. This is a point of considerable interest. 

Species which can occupy alpine habitats may have invaded the area 
from high altitude refugia which escaped glaciation. The possibility of 
the presence of such areas should be investigated more thoroughly. The 
long-tailed vole and the wandering shrew are two species which might 
survive and invade in this manner. Almost continuous alpine heather now 
exists northward up the Chilkat Range to Mt. Wright from the completely 
unglaciated mountains east of Excursion Inlet (Frontispiece). 
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The presence or absence of small mammals in the area studied was a 
function of two primary factors: (l) the nature of the vegetative cover, 
and (2) the proximity of occupied range from which they might invade. 
These two factors themselves were largely functions of topography, the 
nature of the substrate, and the time since deglaciation. There was 
evidently successional change in the mammalian fauna. In the area 
studied, this was most pronounced in several species of small rodents and 
insectivores, A few kilometers south of the study area, in older vegeta
tive stages, some of these pioneer species had disappeared and a number 
of new and larger forms had invaded. There was no opportunity to in
vestigate in detail changes occurring outside the study area. 

Larger mammals with their greater mobility can move into new habitats 
without difficulty. These species also are a part of the succession but 
are less sensitive indicators because of a tendency to wander widely in 
areas where they cannot be considered resident. 
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Table 1. Mammals Recorded in Muir Inlet Area during Summer 1965 

Masked shrew 
Wandering shrew 
Deer mouse 
Red-backed vole 
Tundra vole 
Long-tailed vole 

Sorex cinereus 
Sorex vagrans 
Peromyscus maniculatus 
Clethrionomys rutilis 
Microtus oeconomus 
Microtus longicaudus 

The following larger mammals were not trapped but distribution and 
relative numbers were determined by direct observation and identification 
of tracks and signs: 

Red squirrel 
Coyote 
Gray wolf 
Black bear 
Brown bear 
Wolverine 
River otter 
Lynx 
Black-tailed deer 
Mountain goat 

In addition, three aquatic mammals were recorded. These were: 

Harbor porpoise 
Harbor seal 
Northern sea lion 

Phocoena vomerina 
Phoca vitulina 
Eumetopias jubata 

15fc 

Those species trapped in the Muir Inlet area during the summer of 1965 
were: 

Tamiasciurus hudsonicus 
Canis latrans 
Canis lupus 
Ursus americanus 
Ursus arctos 
Gulo gulo 
Lutra canadensis 
Lynx canadensis 
Dama hemionus 
Qreamnos americanus 



Figure 1 - Map of Muir Inlet area showing retreat of glacier fronts 
by decades since 1880. Black squares indicate locations 
of meteorological stations 
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PART 8. FRESHWATER FISH 

by 

Theodore Reed Merrell, III 
Institute of Polar Studies 

ABSTRACT 

In the summer of 1965 collections were made of freshwater fish in the 
Muir Inlet area. Numbers of species and individuals were small, presumably 
because of a lack of freshwater fish from adjacent waters. Only four 
species were recorded, all tolerant of salt water: Dolly Varden trout 
(Salvelinus malma), Chinook salmon (Oncorhynchus tshawytscha), Silver sal-
mon (0. kisutch) and Threespine stickleback (Gasterosteus aculeatus). 

A sexually maturing female salmon, presumably 0. tshawytscha, was 
captured in a freshwater lake. It was only kO cm. in length and contained 
2,kkk eggs. Abnormal maturation in fresh water may have influenced 
fecundity. 

INTRODUCTION 

Although no studies of freshwater fish were included in the formal 
plan for ecological work in the Muir Inlet area, the writer was able to 
make some collections and observations incidental to other studies. 

Generally the numbers of both species and individuals were small, 
compared with areas in.southeastern Alaska which were not recently glaci
ated. This scarcity is believed to be the result of a lack of nearby 
stocks in freshwater from which barren streams could become stocked. It 
may take a considerable time and modification of the environment before 
a freshwater fish fauna can become established in recently deglaciated 
areas such as Muir Inlet. Significantly, only salmonids and sticklebacks — 
both tolerant not only of saltwater but also of freshwater—were found. 
The slow population by fish contrasts with the rapid population by birds, 
which occupy a barren area much more rapidly, because of their mobility. 

Many streams in the area were examined to determine whether fish 
were present. Most contained clear water rather than glacial meltwater. 
Figure 1 shows the locations of streams in which collections were made or 
in which fish were observed. Fish were found in nearly all the Clearwater 
streams which were examined. The fact that no fish were observed in silt-
laden streams of glacial origin does not necessarily mean that they were 
absent. For example, the Mendenhal 1 River system near Juneau, Alaska 
(Frontispiece) contains several species of anadromous fish which migrate 
through Mendenhal1 River and Lake to reach Clearwater tributaries of the 
lake for spawning. Both the river and lake are extremely turbid from 
glacial silt, preventing the observation of any fish. 
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RESULTS 

Data on fish collections and observations are summarized in the 
following paragraphs. 

Dolly Varden trout, Salvelinus malma (Walbaum) 

Dolly Varden trout were observed in most of the creeks and ponds in 
the area near Casement Glacier (Fig. l). They ranged in (estimated) fork 
lengths from 50 to 250 millimeters. The single specimen collected had a 
fork length of 74 millimeters and was caught by hand in a small stream 
within 35 meters of saltwater at the eastern end of Nunatak Cove on July 
17, 1965 (Fig. 1, Site 1). 

Chinook salmon, Oncorhynchus tshawytscha (Walbaum) ? 

One specimen was collected with spinning tackle in a lake about one 
kilometer long on the island in Adams Inlet, on July 25, 1965 (Fig. 1, 
Site 2; also see Trautman, Fig. 13, this volume) and others of similar 
size were observed in the same lake. The fish was a female, 40 centimeters 
in fork length. Although positive specific identification was not made, 
the fish was tentatively identified in the field by Dr. Milton B. Trautman 
as a chinook salmon (0. tshawytscha). Only the head and eggs were pre
served; these were later examined by biologists at the U. S. Bureau of 
Commerical Fisheries' Biological Laboratory at Auke Bay, Alaska, who 
confirmed its identity as a salmon from the number of brachiosticals (13). 
Scale circuli showed a growth pattern typical of freshwater; the fish had 
apparently never been to sea, as no ocean-type growth was evident. The 
scales had five annuli. 

The fish was marked with dark spots on its back, dorsal fin, and both 
lobes of the caudal fin. The spots on the lower lobe of the caudal fin 
were smaller and less distinct than those on the upper lobe. The anal fin 
contained 15 rays, and the gum line around the bases of some of the teeth 
was black in color. 

The ovaries contained 2,444 eggs in two stages of maturity: 1,119 
eggs were approximately 0.5 millimeter in diameter; the remaining 1,325 
eggs were larger, averaging 2.0 millimeters in diameter. These larger 
eggs were apparently approaching maturity, but were much smaller than 
those usually found in mature chinook salmon. Mature chinook salmon eggs 
normally range between 6.3 and 7*9 millimeters in diameter and fecundity 
ranges from 2,648 to 8,426 (Rounsefell, 1957, p. 465). The lengths of 
fish represented in Rounsefell's tabulation ranged from 6k to 103 centi
meters, whereas the specimen collected at Adams Inlet measured only 40 
centimeters. Rounsefell states that the size of the eggs depends upon 
the size of the parent salmon, the larger specimens producing the larger 
eggs. Thus, it is logical that small Adams Inlet landlocked salmon would 
contain sma.11 numbers and sizes of eggs. Abnormal maturation in fresh
water may also have influenced fecundity. 
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When this specimen was captured, there apparently was only one outlet 
from the lake. It was unsuitable for chinook salmon spawning, being about 
one meter wide and less than eight centimeters deep. This outlet stream 
could, however, have served as a route for salmon smolts to leave the 
lake and enter the sea. It is not known why the occupants of the lake 
had not used this escape route. 

The land mass in the Muir Inlet area has been rising rapidly as the 
surrounding glaciers retreat and relieve the land of their tremendous 
weight. In the past five or six years (within the lifetime of the 
specimen) the island could have risen 15 centimeters (Goldthwait, this 
volume). Other outlets could have existed, by means of which the salmon's 
parents could have entered and spawned, or the flow in the present outlet 
could have been greater, affording salmon an access to the lake. 

Silver salmon, Oncorhynchus kisutch (Walbaum) 

Silver salmon were found in limited numbers in one creek only 
(Fig. 1, site 3)» Seven juveniles were seined on July 22, I965, from a 
practically stagnant creek flowing into the upper end of Adams Inlet. 
They ranged in fork length from ̂ 3 to 59 millimeters. Their scales had 
one annulus, indicating that they were in their second year of life. 

Threespine stickleback, Gasterosteus aculeatus Linnaeus 

These small hardy fish were the most abundant of all fish observed 
and were widely distributed in the area. They were seen more often in 
ponds than in creeks. Twenty-nine fish were collected from two stagnant 
ponds within 25 meters (80 feet) of the high tide mark at the head of 
Adams Inlet on July 22, 1965 (Fig. 1 Site k). The specimens ranged in 
fork lengths from 22 to 73 millimeters (Fig. 2). Three distinct modes 
were evident, probably representing three different year classes. 
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Figure 1 - Map of Muir Inlet area showing retreat of glacier fronts by-
decades since 1880. Numbers in circles indicate sites where 
freshwater fish were collected; x's show where fish were ob
served only. Black squares indicate locations of meteoro
logical stations . 
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Figure 2 - Plot of fork-length of threespine stickleback collected 
from Adams Inlet, July 29, I965. 



PAET 9. ECOLOGICAL SUCCESSION: A SUMMARY 

by 

Emanuel D. Rudolph 
Department of Botany and Plant Pathology 

and 
Institute of Polar Studies 

ABSTRACT 

Information about succession of biota and development of soil in 
time after deglaciation for the last hundred years has been compiled into 
a table. Using this representation, it is possible to ascertain some 
interrelationships that link soil development, plant succession, and in
vasion and population by various animal groups. The insects and spiders 
show the most striking increase in number of species as the vegetation 
changes from the Dryas mat stage finally to the spruce forest stage, 
with bird increase being less great and small mammal and fish increase 
least. 

INTRODUCTION 

The reports in this volume provide specific information about the 
bioenvironment and the ecology of the Muir Inlet region. The advantages 
of studying one aspect of the ecology, namely succession, in this area 
are several: first, the dates of deglaciation of particular places are 
known for about the last hundred years; second, a number of papers con
cerning various factors of the environment and the organisms have been 
published during the past half century; and third, the glaciers of the 
region are retreating very rapidly, exposing relatively large areas of 
ice-free land where it is more favorable to study succession than it 
would be in areas where such exposures are smaller and where the 
succession is telescoped in space. The unique feature of the current 
series of reports is the team approach by experts working on a number 
of environmental biotic aspects of the area. Naturally, each investi
gator has been primarily concerned with his own discipline, but each 
has taken advantage of the findings of the others in the field as well 
as in the writing of his report. This summary will correlate further 
the findings of the various investigators as they relate to succession. 

LIMITATIONS 

Succession, or the change in composition of populations of organisms 
in time, can best be approached here by considering only that which is 
occurring in front of the retreating glaciers in places where there is 
no direct influence by salt water nor any steep topography in which 
altitudinal influences could be important. In such a summary as this, 

163 



the interesting variations reflecting very local differences in micro
climate or microhabitats are also not specifically taken into account. 
A chart (Table l) can be compiled which represents the first appearance 
of species composing the biota in time and its relation to the development 
of the soil. In addition to the limitations already noted, some further 
limitations are inherent in this sort of a representation. For example, 
the disappearance of biota in time is not shown, an aspect which is also 
significant. Such information is generally provided in the individual 
reports and thus is available to those who are interested. Then, too, 
only certain groups of organisms are indicated — those that have been 
studied, while others such as microorganisms, lichens, and various in
vertebrate groups have not yet been investigated. Fortunately, the 
groups that are most apparent, and probably the major ones, are shown. 
Finally, transient birds and larger mammals that move in the area but 
do not restrict their movements are not included as indicators of 
succession in the various deglaciated areas. Thus, the animals con
sidered are only those that are nesting or restricted to limited areas. 
In spite of these limitations, the successional chart does offer a 
graphic summation of succession in the Muir Inlet area for the past 
hundred years. 

DISCUSSION 

It is evident that the primary determining factor for succession of 
animals is the plant cover. The relationships between microclimate, 
plants, and soil in themselves are most complex; however, in the papers 
by Decker and Ugolini there is a clear indication that certain definite 
relationships exist between plants and soil development. This correla
tion is evident when it is realized that organic matter from dead plant 
parts and nitrogen fixed by some plants (e.g. alder) become incorporated 
into the soil and significantly change its character. On the other hand, 
the changes in the soil make it possible for the seeds of new plant 
species to germinate and become established. Thus, there is a constantly 
changing series of relationships in time, particularly evident in the 
early years after deglaciation. As the vegetation succeeds to the shrub, 
and, later, to the tree stages, many more microhabitats, in terms of 
specific levels or layers in the vegetation and new plant species, be
come available for animals while some of the old ones are lost. Table 1 
shows that the number of new insect and bird species invading the area 
greatly increases as the Dryas mat, and, later, the shrub and tree stages 
of vegetation are reached. It is significant that no small mammals 
invade the deglaciated area until the open alder thicket stage is estab
lished. This no doubt is related to food supply and cover protection. 
One truly striking aspect apparent from the table is the great increase 
in the number of species of insects as the vegetational structure becomes 
more complex. 

It is obvious yet important to note that invasion by organisms can 
occur only if a nearby source of these organisms is present. Yet, even 
given this source, there is no certainty that invasion and establishment 
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in suitable habitats will occur. For instance, Good has indicated that 
certain isolated habitats favorable for red-backed voles were unpopulated, 
probably because their access to the habitat was through very unfavorable 
terrain. 

The stages of succession and their plant and animal indicator species 
are probably more reliable for the terrestrial habitats on the table than 
for the aquatic ones. Some reasons for this are that aquatic habitats 
(pools, ponds, streams) are less continuous, less permanent, and more 
diverse than the continuous land exposed by the glacier. The aquatic 
situations were less fully investigated and any generalizations about 
them must be more tentative. It is of interest that the insects populate 
the glacial melt pools very rapidly after deglaciation, as soon as some 
algae are found, while it takes about ten years for the terrestrial 
habitat to be suitable for insect colonization. This is notably a re
sult of the tempering effect of water upon the rigorous microclimate in 
the area of the most recent deglaciation. Some birds can also establish 
themselves on these new ponds near the base of the glacier. Only four 
species of saltwater-tolerant fish were found in the freshwater habitat. 

Although the data presented here only covers the last one hundred 
years of deglaciation, there are indications in the reports of what will 
happen over a longer period of time when the spruce-hemlock forest 
climax or even the later formation of muskeg and pit ponds occurs. Pro
jecting back farther in time than this, Goldthwait has shown that the 
climax vegetation for the region has been attained a number of times 
since the Wisconsin glaciation. 

As Trautman has indicated, it is by studying this community succession 
that we can perhaps better understand the types of succession that may 
have occurred with the retreat of the Wisconsin glaciation in various 
places in temperate and lower latitude regions. Given the existence of 
refugia for repopulation, the Muir Inlet successional history can help 
us to better appreciate the ways in which biota can develop in an area 
left exposed by a retreating glacier. In this case, the present can 
certainly provide a key to the past. 
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TABLE 1. Summary of s o i l development and b i o t i c success ion . Hor izonta l l i n e s i n d i c a t e 
t h e number of years s ince d e g l a c i a t i o n when each grouping f i r s t appears . (Some 
sp ide r s a re noted with t h e i n s e c t s . ) 
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Y R S SOIL DEVELOPMENT 1 AQUATIC AND HARSH PLANTS f TERRESTRIAL PLANTS AQUATIC INSECTS 

n - " zzrzrj_zz_rrrj_zz_Tzzzzzzczzz7_ _rr_r_zc_^_z_c__c_Tj_c_T__Tm_z_z_r _z_^_^_^_3_mL_^z_Tj_zzrc_^z3__'. 
, , , , , , , , , . , a l » " ••>•»«» (pioneer st.Re I), dryas noequite lerv.e. s„.U enter bo.t.en 
(glacial till end oetwn.h send Itoreetnll (Equlsetu. varlegatun), (D. drueaondll), willow seedlings (fa»lly Corlxldne), diving beetle 
nnd gravel) sedges, grasses, yellow dress (Sallx spp.). flreweed (Eplloblu. (Deroneetes grlscostrlatus), water 

("°"PPa P'lPstrls) latlfollms) strlder (Cerrls incognltul) 

5 
frost action and patterned ground; (Dry.. „., stage II) 
incipient leaching of soil carbon- — * 
atea at surface; high pH (8.2). low a l d e r ( ln 

C.B.C., little organic carbon 

appearance of 01 horizon; progres
sive leaching of carbonates; pH 
7.0, low C.B.C ; little organic 
carbon at surface 

15 
01 layer of alder and dryas leaves ... ,„ ,, , 
. „ J , , . * young willow (Sallx spp.), young 
to 2 cm, lichen crust; appearance . ,_ . •--• . 
„ , , , . , . ... poplar (Populus tricocarpa) 
of Al horizon, and appreciable —•'••••• r-
nitrogen and organic carbon; pH 
lowered to 6.3; progressive 
leaching of carbonates 

20 .—. — . .' 
organic carbon increase to 1.0%; _, /,_. . .T-\ .'.... *— . , 

' mosses, grasses, sedges (late pioneer stage III) diving beetle (Hydroporus sp.) 
nitrogen increase, depth of soil * -* •- H 

2 c_ (open thicket stage IV) 
25 

thickening of Al horizon to 4 cm herbaceous growth 

appearance of 02 horizon, the caddicefly (Limnephllus sp.) pre-
humified one; forest floor has a alder invasion (closed thicket stage V) ferns, daceous diving beetles (Agabus 
thickness of 6 cm; Al now 10 cm; herbs under thicket tristis, Rhantus divisus), scavenger 
depth of solum 10 cm; pH decreased beetle (Crenitis morata), dragonfly 
and more carbonates leached; more nymph (Aeshna sp. ), mosquito larvae 
nitrogen accumulated; C.B.C, and (Culiseta), chironomid midge larvae, 
exchangeable H* increased mayfly nymphs, crane fly larvae 

35 

40 , 
Al horizon maximum thickness ca.10 (poplar line stage VI) predaceous diving beetles (Acillus 
cm semisulcatus, Oreodytes alaskanus, 

icybius quadrlmaculatus), caddice-

flies (Ecclisomyla conspersa, 
Limnephllus vastus, Arctopsyche sp. '• 
water swimmer, mayflies (Baetis sp., 
Epeorus sp.), helodid (Cyphon 
varlabi1 is), dragonfly (Aeshna sp.), 
chironomid larvae, fly larvae in 
running water 

45 
a p p e a r a n c e of i n c i p i e n t B h o r i z o n : 
f o r e s t f l o o r t h i c k n e s s 9 cm; depth 
of s o i l 11.0 cm; plf lowered t o 5 9; 

50 — C E C. doubled and exchangeab le i f ~ — " ~ " 
i n c r e a s e d f i v e - f o l d : o r g a n i c carbon s c a t t e r e d S i t k a sp ruce (P icea 
(2 5") and n i t r o g e n (0.09"-) - i t c h c n s i s ) 
increased 

55 _ — , 
pH lowered t o c a . 5.9 i n c i p i e n t li mayf l i e s (Cen t rop t l l um s p . , C a l l i -
h o r i z o n d e v e l o p i n g in Lower Al . b a c t e s s p . ) , b i t i n g midge l a r v a e 
h igh c a t i o n exchange (Beggia s p . ) . t h e r e v n d or 

s t i l e t t o f ly l a r v a e 

75 _ —. — — 
(spruce forest stage VII) caddlcetlles (Limnephllus sericeus, 

L. harnmani) 

85 • - ~ 
Brown Podzolic soils with B horizon 
averaging 5-10 cm, or soils with Al 
horizon and without B horizon 

90 

100 -
hemlock (Tsuga hoterophy1 la) 
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YRS TERRESTRIAL INSECTS AQUATIC BIRDS TERRESTRIAL BIRDS SHALL MAMMALS 

0 • — 
spotted sandpiper (Actltls macular!*) rock ptarmigan (Lagopus mutus), 
red-throated loon (Gavla stellata), snow bunting (Plectrophcnax 
glaucous-winged gull (Larus glauccs- nivalis), gray-crowned rosy finch 
cens), herring gull (L,argentatus), (Leucosticte tophrocotis), 
new gull (L. canus) 

5 common redpoll (Acanthis f lanunea) 

10 -
Savannah sparrow (Passerculus sand-
wlchensis), least sandpiper (Erolla 
minut ilia), orange-crowned warbler 
(Vermivora celata) 

IS - — 
plant lice, jumping plant lice, flow- water pipit (Anthus spinoletta) willow ptarmigan (Lagopus lagopus), 
or flies (Volucella bombylans var. in bogs, semipalmated plover fox sparrow (Passcrella illaca), 
plumata, Heloph llus boreal is, Ei-i stalls (Charadnus semipalmatus) In bogs yellow warbler (Dendroica petechia), 
anthophorinus, Melangyna tarsata, hermit thrush (Hylocichla guttata), 
Platychoj nis pe rpal 1 l'lus), blow fly Oregon junco (Junco oreganus) 
(Protophornia terraenovae) 

1 Wilson warbler (Wilaonla pusllla) 
20 -• 

arctic tern (Sterna paradlsaea) 

25 -' 
common loon (Gavia imroer).mallard wandering shrew (Sorex vagrans), 
(Anas platyrhynchos), lesser scaup deer mouse (Peromyscus manlcula-
Aythya affinus), Bonaparte gull tus) 

3 0 ground beetle (Bembidion camplanulcum X <k""us Philadelphia), pintail tundra vole (Microtus occonomus) 
rove beetle (Stenus sp.). blister < A n a s acuta), green-winged teal 
beetle (Mcloc sp.), thrips (Taeino- <A- carolinensls) 
thrips vulgatissius), plant lice 
(Pterocommn bicolor, Callaphidini sp J, 
LfCOlId spider (Pardosa sp.). agelenid 
spider (Cryphoeca sp.), bumble bees 
(Bombus sp.. Psithyms sp.) 

Lincoln's sparrow (Melospiza 
lincolmi) in bog 

spicier (Pardosa sp. ) , jumping plant 
lice (Psylh spp. ). plant lice 
(Boernerina sp.), leaf feeding sawfly 

(Phyllocolpa sp.), braconid wasps (Eua-
phidius sp., Microplitis sp., Synaldis 
sp., Alysia sp.), fungus gnat (Belyta spj 
fungus feeding fly (Bradysla sp.), black 
*lv (Simulium vi1 latum), crane fly (Ll-
monia sp.), flower fly (Platycheirus 
inversus), ground beetles (Neeria sahl-
bcrg i, Pristodactyla advena), shore bug 
(Saldula 1lttoralisT, plant bug Tera-

•15 tocons saundersi) 
saw fly (Dolerus eldcri), spiders 
(Xysticus sp., Pardosa sp.), fungus gnat 
(Boletina sp.), parasitic wasp (Apha-
ereta sp.), flower flv (Platycheerus 

50 "p^taTls) ' • ; 
*• gray-cheeked thrush (Hylocichla min

ima) , parasitic jaeger (Stercocra-
rius parasiticus) 

55 — *~ 
plant lice (Psylla minor,etc.), moth myrtle warbler (Dendroica coronata), 
(Ramosia sp.),lepidoptera larvae, geo- varied thrush (Ixoreus nacvius) 
metrid larvae, plutellid larvae, oleth-
ruiid larvae, noctuid larvae, spiders 
(Pardosa sp., Plrota sp.), red mite 
(Scomolgus 1 ittoralis), blow flies (Cy_-
nomyopsia cadaverina, Acrones la anana), 
black fly (Prosiiaulium fulvum), crane 
fly (Sephrotoma sp.), horse fly (Hybo-
mitra atrobasis), mycetophilid fungus 
gnat (Boletina sp.), parasitic tachlnld 
fly (Nowlckia hisplda), flower fly 
Eristalis anthophorinus), sawfly (Phyl
locolpa sp.) 

75 ' . 
h—Infer! (Nysius ericae), homoptcra , , twt . 
... ~ ,——. . ,„ . . blue grouse (Dendragapus obscurus), 
(V.ecomna gilvipes), fulgorid plant hop- , =—*- " 
prg-Tg,.h..pP.L (Ev:„p.uhps „ „ - chcstpp.-bpccd chlckudoe (Paru* 
tus.Ppdbu.olol.lx conl,n,». Doltocpha- Pubjiupcus), ruby-crcped kinglet 
lur, u.KrlvonUT. Md.rosl olos fTslTnr- 5 7 * 7 ^ C , 1'°? u l , >' /'"" «'°»»«»« 

-3—: r— ; r — 7 7 — (Pinlcola enucleator), north-western 
rons, DClcrormCU! plutcmius), plant ;•_• ' 
,— TT. ~T— C—Z~ n- crow (Corvus caurinus), common Raven 
lice, (Maerosiphun euphorbiae, Ptero- . r 

"" comma bicolor), ground beet les (Elaph- —' 
rus rtiscarius, Seln-ia metallica, Both-
riopterus adslrictus), rove beetles, 
soldier beetles, moths, (Plutella in-
lerrupta, Nept lcula sp., Diarsia rubi-
fera), mosquitos (Aedes spp.), march 
fly (Bibio vestltus), louse fly (Orni-
t h omy 1 a 1 r mgi Uina), fungus gnat (Mv-
cetophila sp.), flower flies (Carpos-
calis squamulae, Melanoslona augusta-
tum, Sphaorophona menthastri, Syrph-
us t orvus, S. vi t r ipennis, Dasysyrpiius 
sp . ), p aras i t IC wasps (Epliredrus sp ., 
Apliniius sp. , Met corns dimdiatus, 
CluTomis sp., Dacmisa liarr ing t uni, 
Asp 1 lota sp., Aphaereta sp., Alysia 

9 0 . spp.. Belvta sp., Platvgastor sp.) 
hemplera (Irbisia sericans, Tngono-
tylus sp.), homoptera (Cicadula mclano-
gastcr),ground beetles (Bothriopterus 
adstrictus, Trcchus chalybeus), leio-
did beetle (ll'.'iiioi-i i-:i sp . ) , snout bee- . 

1 0 0 ""tie (Lepyrus sp.), blow fly (Calliph- masked shrew (Sorex cincrus), red-
ora terraenovae), march fly (Dij^ph- backed vole (Clethrlonomys rutllla) 
us tibial is), scavenger fly (scaphop-
sid), flower flies (Pvropliaena grand-
1 tars 1s-Melanos t irai carposcalis group) 
parasitic branclionid wasps (Praon sp.. 
Apanteles sp., Opius sp. ) , sphecid 
wasp (Grabo sp.) 
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