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TUNDRA BIOME RESEARCH IN ALASKA
The Structure and Function of Cold-Dominated Ecosystems

by

Jerry Brown and George C. West
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p. 57, line 1: For "Coc/iiearia officionalis arctica" read "Coc/iiearia odicinalis arctica."

p. 57, line 5: For "Polygonum acutiflora" read "Polemonium acutiflorum.'^
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For "Carex cancocens" read "Carex canescens.''
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I. PROGRAM OVERVIEW

INTRODUCTION

The requirements for terrestrial ecosystem research in arctic and subarctic regions were

dramatized by events immediately preceding and following the discovery of oil in 1968 at Prudhoe

Bay. A keen awareness of these "fragile," cold-dominated ecosystems emerged as attempts to

mechanically cope with them produced unsightly and destructive evidence of man's intrusions in-

to a natural environment. The proposal to transport hot oil through a pipeline across the state of

Alaska raised an additional series of crucial environmental questions.

Until recently, physical and biological scientists had traditionally undertaken research more

or less independently - both in time and space. Where integrated research had been attempted,

results were still presented by individuals, on discipline-oriented subjects, and often in widely

separated types of publications. The ecosystem concept and the methods of investigating, as

a total system, the interrelationships of all life forms with their physical environment offered

many advantages for the scientific pursuit of ecological assessment in the Arctic and subarctic.

During the spring of 1970, the Tundra Biome Program of the U.S. International Biological Pro-

gram undertook the design of a series of short-term, interrelated experiments and observations which

would produce basic information on the functioning of cold-dominated ecosystems and would also

begin to answer questions concerning their responsiveness to natural and artificial impact. The

resulting summer research, funded principally by the National Science Foundation, did not constitute

the full Tundra Biome Prc^ram, although key elements of the more comprehensive integrated research

design were introduced. This report highlights the scientific accomplishments of the summer 1970

research, but is not a definitive treatise on the subjects of arctic and subarctic ecosystems. The

results, in most cases, were hurriedly abstracted from a voluminous data bank. Field investigations

of one season's duration can not be considered complete. Therefore, the interpretations and conclu-

sions are minimal and are considered preliminary. Final reports and interpretations will appear as

individual scientists complete their investigations.

The report itself is published at this time for three purposes:

1. To serve as an interim report to the National Science Foundation for

its portion of the sponsored research under the grant entitled Effects of

Perturbations on the Cold-Dominated Ecosystems in Alaska.

2. To review the status of current research within the program, so that a

new proposal for 1971 can be developed based upon the 1970 research results.

This summary wiU serve to familiarize prospective projects with the modus

operandi of the program and current progress in specific research subjects.

3. To demonstrate that a group of scientists from many institutions through-

out the U.S., working together as a highly coordinated team, can conduct

integrated projects and can report the meaningful results of their findings

while current research continues. The ability to do this is the initial

criterion for the continuation d this and similar ecosystem programs.

1



SCOPE, OBJECTIVES AND STRATEGY

The objective of the Tundra Biome Program is to acquire a basic understanding of tundra, both

alpine and arctic, and taiga. Collectively these are referred to as the cold-dominated ecosystems.

The program's broad objectives are threefolfl:

1. To develop a predictive understanding of how the wet arctic tundra

ecosystem operates, particularly as exemplified in the Barrow, Alaska,

area.

2. To obtain the necessary data base from the variety of cold-dominated

ecosystem types represented in the United States, so that their behavior

can be modeled and simulated, and the results compared with similar

studies underway in other circumpolar countries.

3. To bring basic environmental knowledge to bear on problems of de-

gradation, maintenance, and restoration of the temperature-sensitive and

cold-dominated tundra/taiga ecosystems.

During 1970, funding limitations prohibited full implementation of these objectives. Never-

theless a research design was developed which focused on bioenvironmental research in Alaska.

The principal objective of the 1970 research was to determine initial responses by ecosystem

components to a variety of natural and artificial disturbances or perturbations. In so doing, a

substantial emphasis was placed on basic research of fundamental processes and properties on

undisturbed controlled sites.

The 1970 program is divided into two major subprograms: ecosystems of the arctic coastal

tundra and site investigations along a bioenvironmental gradient ranging from the arctic coastal

tundra into the interior taiga of subarctic Alaska (Fig. 1). The rationale for this approach was

to provide an in-depth research effort on major Alaskan ecosystems.

Research on the arctic coastal tundra was concentrated in the immediate vicinity of Barrow,

Alaska. Barrow had previously been designated as the intensive site for the U.S. IBP Tundra

Biome. The locale was familiar to several generations of arctic scientists and the results of past

studies were available in a variety of forms. It was postulated that these two considerations would

permit an extension in the interpretation of the 1970 findings over many years and different types

of summer climates. The presence of the Naval Arctic Research Laboratory with its excellent

researchand Ic^istical facilities permitted this portion of the program to mobilize within a matter

of weeks. Other sites on the Arctic Coastal Plain were visited at irregular intervals. The Cape

Simpson oil seeps provided an opportunity to examine the long term effects of oil on the tundra

ecosystem. Numerous visits to the areas within the Prudhoe Bay oil fields permitted the gathering

of information with which comparisons with Barrow and other areas are possible and provided the

experience from which long-term research plans can be designed. This concentration of manpower

and projects in the arctic coastal tundra was endorsed by an external review committee. The
report of that group was distributed with the September Newsletter.

The entire coastaltundra program was under the direction of the Biome Director, Jerry Brown,

and the Barrow site was directed by Larry Tieszen.

The bioenvironmental subprogram consisted of comparative investigations along a bioclimatic

gradient which parallels the several proposed transportation corridors between Fairbanks and

Prudhoe Bay. Selection of sites was largely determined by the location of revegetation plots which

were established in 1969 by University of Alaska scientists under contract to the Trans Alaska

Pipeline System (TAPS).* The current program undertook basic ecolc^ical studies in areas

Now Alyeska Pipeline Service Company



Barrow,

Figure 1. Location map of sites involved in 1970 Held observations.



immediately adjacent to these plots. More intensive studies were undertaken at College, adjacent

to an experimental buried hot pipe. The TAPS-sponsored research projects are l)eing reported

upon elsewhere by those directly involved and do not constitute a formal part of the Tundra Biome

Program. However, both approaches, the revegetation studies and the basic ecolc^ical studies,

stand to gain from their close proximity in time and space. The bioenvironmental subprogram is

under the direction of the Biome Deputy Director, George West, and Keith Van Cleve.

The research was performed under a centrally designed and managed ecosystem program. At

Barrow, all field projects and participants devoted considerable portions of their time to investi-

gating plots and study sites agreed upon under the design discussed in the following sections.

In return, central services in the form of data processing, laboratory processing of samples, and

automated acquisition of environmental data were provided by the central prc^ram wherever feasible.

This integration of individual projects in both time and space was carried over into several other

related research projects, particularly those concerning stressed ecosystems at Barrow, Cape

Simpson, and Prudhoe Bay. The planning and execution of integrated research on this scale are

criteria set forth by the U.S. IBP.

Lists of participating projects and individuals are contained in Table I. Each major section

of the remainder of this report has one or more authors and many participants. All participants

are listed for each major section. This approach emphasizes cooperation and the interaction be-

tween the various subprojects listed in Table I, not only by people but mace importantly by

disciplines. Several sections of the report are structured according to the four major ecosystem

components: abiotic, producers, consumers and decomposers (microbiology and nutrient cycling).



Table I. Projects participating in and cooperating with the U.S. IBP Tundra Biome Program.

Projects Sites*

Principal Investigators

and Institutions

Effects of manipulation of snow and vegetation covers on the

thermal regimes of the tundra (NSF)

Simulations of meteorological variation over arctic coastal

tundra under perturbed physical interface conditions (NSF)

Bioenvironmental parameters of natural and disturbed eco-

systems along the trans-Alaskan transportation corridor (NSFJ

Photosynthetic responses and adaptations of tundra plants to

the arctic environment.(NSF/AINA)

Patterns of interactions among ecosystem components using

natural and disturbed tundra sites near Barrow, Alaska (NSF)

Population ecology and energy utilization of tundra soil

arthropods (NSF)

Phosphorus cycling and its effect on primary production in

arctic ponds (NSF)

Nitrogen fixation in terrestrial and aquatic ecosystem com-

ponents (NSF)

Metabolic activities of terrestrial decomposers in tundra

ecosystems (NSF)

Short-term nutrient fluctuations in disturbed and natural

arctic and subarctic ecosystems (NSF)

The analysis of the structure and function of the wet tundra

ecosystem at Point Barrow, Alaska (NSF)

1 Gunter Weller, Univ. of Alaska

Carl Benson, Univ. of Alaska

1 Norman W. Lord Center for Environment

Joseph Pandolfo and Man, Hartford, Conn.

1, 2 George C. West, Univ. of Alaska

Larry L. Tieszen, Augustana College

South Dakota

Frank A. Pitelka, Univ. of Calif.

Arnold M. Schultz, Univ. of Calif.

Paul L. Gersper, Univ. of Calif.

Stephen MacLean, Jr., Univ. of Montana

(presently Univ. of Illinois)

Robert J. Barsdate, Univ. of Alaska

1, 2 Vera Alexander, Univ. of Alaska

1 Robert E. Benoit, Va. Polytech. Inst.

1, 2 Keith VanCleve, Univ. of Alaska

1 Hairy N. Coulombe, San Diego State College

Phil Miller, San Diego State College

Jerry Brown, USACRREL

Rates of thermal erosion and runoff on the arctic coastal 1

plain (AINA and USACRREL)

Soil thaw validation under natural and perturbed surface 1

conditions (USACRREL)

Effect of petroleum contaminants on cold-regions terrain 1

(USACRREL) and

Effect on the ecology and biochemistry of oil seepages 1

and spills in cold-dominated environment (ARO)

Administration, cuoiuination, and technical services for the 1, 2

U.S. IBP Tundra Biome (ARO-D, USACRREL, BP, ARCO)

Primary production of tundra vegetation at comparative sites 1, 2

in Alaska and Canada (cooperative)'!

Tundra-taiga revegetation study (TAPS-Alyeska)t 1, 2

Biological assessment of the extent and consequences of a

heated pipe section (TAPS-Alyeska)t

Caribou-Poker Creeks Research Watershed Program!

Robert I. Lewellen, Univ. of Denver

Jerry Brown, USACRREL

Jerry Brown, USACRREL
Yoshisuke Nakano, USACRREL

Jerry Brown, USACRREL
Paul R. Murrmann, USACRREL
Brent McCown, USACRREL

Jerry Brown, USACRREL
George C. West, Univ. of Alaska

Larry Bliss, Univ. of Alberta

Ross Wien, Univ. of Alberta

Jerry Brown. USACRREL

Keith VanCleve, Univ. of Alaska

William Mitchell, Univ. of Alaska

Peter Morrison, Univ. of Alaska

Brent McCown, Univ. of Alaska

Inter-Agency Technical Committee for

Alaska (Charles Slaughter, coordinator)

*Sites: 1. Arctic Coastal Tundra

2. Bioenvironmental Gradients

tNon-Reporting Projects and Programs



II. COASTAL ARCTIC TUNDRA ECOSYSTEM -

A LANDSCAPE UNIT

The coastal plain of northern Alaska forms a relatively large and uniform landscape unit in

which the structure and function of the wet arctic tundra ecosystem can be elucidated. The region

is characterized by numerous lakes of aU sizes, small ponds, and low-growing grass and sedge

tundra. It extends from west to east across some 900 kilometers and is 180 km wide in its widest

north-south extent. Relief is subdued, with elevations near sea level along the coast and rising

gently southward to 200 m at the contact with the foothills. Permafrost underlies the entire region

from within Vz to 1 m of the surface to over 300 m depth; the exceptions are under deep lakes and

maja river channels which are free of permafrost in the upper zone. Actively forming polygonal

ground is common throughout, with a variety of forms expressed. Drainage is poorly integrated.

Small meandering streams and tundra-covered beaded streambeds are common. Lakes of varying

depths and dimensions cover as much as 50-80% of the land surface in some portions of the coastal

plain. Summer climate is coolest along the coast and warms inland. Conversely, winter climate

is more severe inland. The warmer inland summer climate is reflected in the vegetation. Along

coastal areas such as Barrow approximately 100 vascular plants are found, while inland the number

increases abruptly due to an increase in the variety of habitats as well as a more moderate summer

climate.

BARROW RESEARCH DESIGN

Jerry Brown* USA CRREL
Larry Tieszen* Augustana College

Steve MacLean* Univ. of Illinois

Previous studies have shown that the fauna and flora are considerably less diverse than in

inland coastal locations. Because of this,ecosystem interactions are fewer and, possibly, more

easily defined. In addition, it is generally believed that "simple" ecosystems are inherently

less stable than more complex systems, and include fewer potential mechanisms for adjustment

following disruption or stress. These reasons make the Barrow ecosystem particularly appropriate

for a first attempt at integrated ecosystem research and modeling. Figure 2 is an index map of

the Barrow area, showing the locations of major study sites involved in this report.

The Barrow tundra encompasses a complex of habitats distributed along a moisture-dominated

gradient related to micr©topography and land forms. While the need was recognized to determine

the range of biol(^ical and abiotic parameters associated with this complete range of habitats,

the resources and personnel available in 1970 did not permit a complete study of the entire spec-

trum of tundra variation. Instead, attention was concentrated on a relatively hom(^eneous, terres-

trial intensive study site (site 2; see Fig. 3) which represents a mid-point along this gradient.

Control plots on the intensive site (2) were used to provide data on the seasonal progression of

ecosystem parameters for the undisturbed tundra. These data will form the major input or valida-

* Principal authors
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Figure 2. Location map o( major study sites involved in the 1970 Barrow in^/estigations.

tion of on-going ecosystem modeling. In addition, these plots served as controls for a series of

manipulations or disturbances which were applied to the tundra. The manipulations served two

purposes. First, they provided an experimental approach to the study of ecosystem function. The

effects of manipulation of one component of the system may be traced to other components, thus

revealing pathways and functional forms of interactions between ecosystem components. Secondly,

manipulations, or controlled disturbances, were used to determine the sensitivity of the tundra

ecosystem to several classes of stress and to reveal the mechanisms of recovery or adjustment
following stress. This is directly applicable to the consideration of man's development of tundra

resources.

Treatments

Two classes of manipulations or disturbances were recognized in this effort: natural and

artificial. The natural manipulations are those which simulate naturally-occurring phenomena that

affect rates of nutrient and energy flow tlirough the ecosystem.

Clip and clear. In the winter, which precedes a cyclic population high of brown lemmings, the

vegetation over large areas is clipped at the base by grazing lemmings. At the following melt-off

the remaining unconsumed portion falls to the ground and may be washed away by draining melt-

water. This causes a significant removal of nutrients from the local system, reduces the insula-

ting layer over the tundra soil, and alters the structure of the vegetative canopy and the litter

layer. On the clip and clear plot this was simulated by cutting the vegetation just above the moss
level, using hedge and lawn trimmers. The cut vegetation was gathered by hand, weighed, analyzed
for nutrient and caloric content, and used for mulch on another treatment. Two plots were treated
in this manner. One was sampled intensively, while the other was reserved for nondestructive
observations and sampling in subsequent years.
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Figure 4. Site 2.

Clip and uncleared. In many cases vegetation cut by winter activity of lemmings is not washed

away, but falls to the ground to enter the litter compartment of the system. The lemmings thus

convert material from above-ground "standing dead," where it is subject to very slow decomposi-

tion, to litter, where it is subject to much more rapid decomposition by below-ground saprovores

and decomposers. Thus, in addition to the physical effects of grazing on the plants, the lemmings

cause the sudden input of organic matter into the saprovore food chain. These effects were

mimicked on two plots, one sampled intensively and one reserved for nondestructive and future

sampling.

Mulch. Plant material cut by lemmings and transported by meltwater frequently accumulates

in low areas where drainage is retarded. Such areas experience a large increment of litter and,

in addition, a great increase in the insulative layer over the tundra surface. The latter may be

expected to influence near-surface temperature, and especially soil temperature and depth of thaw.

Two plots were treated with natural plant litter (including that removed from the clip and clear

plots). One plot received 107.3 g/m^, an amount equal to that removed from one clip and clear

plot, and approximately equal to the amount of plant material produced in one season. The other

plot received a much heavier application of 240.9 g/m^. The intense application produced a layer

of litter which covered the lower portion of the vegetative canopy.

Fertilizer. The treatments were employed to determine the effects of increased nutrient

availability without the additional physical effects of cutting the vegetation and alteration of the

insulative layer. This was accomplished by the addition of commercial nitrogen-phosphorus-po-

tassium (N, P, K) fertilizers at a rate equal to 400 lb/acre (45 g/m^. One plot received a 20-10-

10 mixture, and the second plot received an 8-32-16 mixture.

9



Figure 4 is an aerial oblique photograph taken in late August of a portion of the site 2 plots.

At that time a majority of the plots had been enclosed to prevent subsequent grazing by lemmings.

The large rectangular enclosure will be used for lemming grazing studies in 1971.

The artificial manipulations are those which exceed the range of conditions to which the tundra

is ordinarily subjected. In several cases these simulated the real and anticipated effects of man's

activities on the tundra. These are located primarily on site 1 and include:

Heated soil. The proposed buried oil pipeline will provide a year-round heat source within

the soil. In order to evaluate the effect of warm soils on natural vegetation, a double loop of 1.25 cm
copper tubing through which hot fluids circulate was buried at the 10-cm depth in the tundralsoil.

Warming of the soil began in early July. In late August, one half of the buried loop covering a

3 X 6-m area was shut off for the winter. The experimental design and sampling wUl be discussed

in greater detail in a later section.

Heated air. Temperature and wind or a combination of both have often been considered limiting

factors in arctic plant growth. In order to test the hypothesis under field conditions, a 5 x 5-m by

1-m-high Fiberglas greenhouse was installed over an experimental plot. This greenhouse not only

permitted elevated air temperatures, but served as a wind shield.

Physical disturbance. The effects of tracked vehicles on tundra vegetation are dramatic and

long lasting. In order to ascertain short term influences of physical damage, two plots were roto-

tUled while the surface was still frozen. On one plot, two complete passes at right angles covered

the plot. This treatment constituted the intense disturbance. Single passes at right angles on the

other plot constituted the light disturbance.

r

Figure 5. Site 1.
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Oil spills. The effects and fate of hydrocarbons in the tundra environment is unknown. Two

experiments to qualitatively determine the influence of oil spiUs on the plants and microflora were

established. On site 1 four plots received 5 liters/m", and on site 2 rates between 0.7 1/m^ and

12 1/m' were used. Details of this experiment are given in a later section.

Figure 5 is an aerial oblique of the site 1 test plots. Several plots are enclosed by fencing.

The community gradient site, located approximately 200 m south of site 2, was used to investi-

gate the response of several ecosystem components to a wider variety of tundra conditions. This

site included six study plots:

Plot 1, in a low, very wet meadow. On June 22, when the plots were marked, this plot had

just been exposed by melt-off. Frozen ground was just below the surface, and the plot was covered

with standing water.

Plot 2, in a trough between two polygons. This plot differed from the others in being 3 x 12 m

rather than 6 x 6 m because of the linear nature of the habitat. Like plot 1, it was quite wet. It

was exposed several days prior to June 22, and was covered with standing water on that date.

Plots 3 and 4, on me sic, meadow tundra of very gradual slope. The slope provided some

drainage, so that standing water never accumulated. Plot 3 was in an area of weakly developed

polygonization, and. occupied the center of a low-centered polygon. Plot 4 was on an unpolygon-

ized slope.

Plots 5 and 6, on the tops of well-developed polygons. These plots were quite exposed; snow

accumulation in winter was inhibited by wind, and these were the first plots to be exposed by

spring melt-off. Plot 5 was bare of vascular vegetation in places and showed evidence of erosion.

Plot 6 was more completely vegetated.

The aquatic program consisted of a series of small ponds (Fig. 3, site 7). Control ponds were

monitored for the entire summer to determine nautral variations. Several ponds were stressed with

nutrients and oil for reasons similar to the terrestrial perturbations. Table II contains a list of

plot numbers and treatments for each site.

The main study aiea was established in late May and early June on both sides of Footprint

Creek, 4 km SW of the Naval Arctic Research Laboratory (Fig. 2, 3). This location contained the

large areas of relatively homc^eneous tundra required for the study and could be supplied with

high quality, continuous electrical power from the Barrow camp.

On both sites 1 and 2 a number of study plots, each 6 x 6 m, were selected and marked. The

plot size was chosen to provide an area large enough for repeated and replicated sampling at

intervals throughout the season, yet small enough to minimize within-plot heterogeneity. After

the plots were selected they were gridded, treatments were allocated to the plots at random and

a random number process was used to identify sample quadrats in each plot.

The plot selection process was completed immediately after melt-off, and the first set of

samples was taken from the site 2 control plots on 15 June. Thereafter samples were taken at

10-day intervals. Certain measurements were taken from the manipulated plots at 10-day intervals,

while other measurements were taken twice, once early in the season and once at peak standing

crop of the current season's plant production. Wherever possible samples for the various abiotic

and biological measurements were taken at the same time and place to allow correlation of the

various ecosystem parameters. The sampling schedules are summarized in Appendix A,

which shows dates and kinds of samples taken from the various study plots and ponds.

In addition to the seasonally varying observations, several projects measured relationships

existing between ecosystem parameters independent of time of season. Examples of such studies

include the relationship of photosynthetic rate to air temperature and gas concentration, and the

relationship of animal metabolic rate to ambient temperature. These data complement the seasonal

observations, especially in our attempt to understand the mechanisms of interaction of ecosystem

components, and thus are an important part of the modeling effort.
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Finally, measurements on a number of sites which have been under investigation in previous

years were conducted so that comparisons with past and current investigations could be drawn

(Fig. 2).

Table II. Sites, plots and treatments employed during 1970 Banow program.

Plot no. Treatment Plot nn. Treatment

Site 1

106

107

111

112

113a

113b

114a

114b

115

116

Site 2

201

202

203

204

205

206

207

208

209

210

226

227

228

229

230

231

232

233

234

235

Control

Control

Heated air (green house)

Heated soil (hot pipe)

Oil and fertilizer (5 liters oil/m^) (80- 10-

Oil and fertilizer (5 liters oil/m^) (20- 10-

Oil (5 liters oil/m^)

Oil (5 liters oil/m^)

Intense physical disturbance

Light physical disturbance

Control (nondestructive)

Control (nondestructive)

Control (nondestructive)

Control (nondestructive)

Control (nondestructive)

Control (destructive)

Control (destructive)

Control (destructive)

Control (destructive)

Control (destructive)

Clip and clear

Clip and clear

Clip and uncleared

Clip and uncleared

Mulch (light)

Mulch (intense)

Fertilizer (20-10-10)

Fertilizer (8-33- 16)

Wind (not sampled)

Grazed Tnot sampled)

10)

10)

236 Grazed (not sampled)

Site 3

301 Control for oil

311 Oil (12 1iters/m^)

312 Oil (1.4 liters/m^)

313 Oil (5 liters/m^)

314 Oil (0.7 liter/m^)

303 Track (Intermediate)

305 Track (wet)

306 Track (dry)

315 Not sampled

316 Not sampled
317 Not sampled

326 Not sampled

327 Not sampled

Site 4

401 Wet meadow

402 Polygon trough

403 Meadow (tundra, low centered polygon)

404 Meadow (unpolygonized)

405 Polygon top (eroded)

406 Polygon top (not eroded)

Site 7 (ponds)

B Control

C Control

D Phosphorus additions

E Oil spill

F Shallow pond

G Artificial thermokarst pit

H Control

I Control

Modeling

An important aspect of the integrated ecosystem research and its design is the interactions

of field observations, data synthesis and ecological modeling. Modeling is actively underway at

several distinct levels. The initial phase of modeling was the early formation of a word model -

a verbal description of the structure and function of the wet tundra ecosystem. The word model

is subject to a continuing process of expansion and revision as our understanding (rf the tundra

becomes more precise. The most recent version of the word model appears in Appendix B.

The interrelationships between the major abiotic and biotic components of the wet, arctic

ecosystem are emphasized in the graphic model illustrated in Figure Bl (App. B).

Interactions within and between the abiotic and biotic subsystems of the ecosystem are made

more explicit in Figure 6. This model reveals the important compartments which contain the bound

energy and nutrients of the system, and the pathways by which energy and nutrients are transferred

within the system. In some places, as in the well-studied terrestrial consumers, important species
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populations may be identified. In other areas, where diversity is greater and our knowledge is

less precise, functional groupings are indicated. The research design may be compared with this

model to determine the degree to which the important compartments and transfer processes are

being considered. Thus, a model of this nature is useful in directing research.

The next step in modeling is the quantification of a model such as that discussed above. At

any given time of the season the quantity of energy, or of some key nutrient, in each of the compart-

ments may be measured or estimated. This produces a static model - a quantitative description

of the state of the system at any point in time. The collection of these data was one of the ob-

jectives of the 1970 research design.

Each of the transfer processes within the system may be described by an equation which takes

into account the quantity of energy (or nutrients) in the compartments directly involved in the trans-

fer and the set of biotic and abiotic factors which influence the rates of transfer. For example, the
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transfer of energy from terrestrial primary producers (i.e. grass) to brown lemmings is influenced

by the amount of grass and lemmings present, the reproductive status of the lemming population

(biotic factor), and the ambient temperature (abiotic facta). The effect of each of these on the

transfer of energy can be determined, quantified, and described by the equation.

The change in the quantity of energy in any compartment over a period of time is the algebraic

sum of all of the processes which add energy to or remove energy from that compartment. Thus,

the equations which describe the transfer processes may be combined to describe changes in the

distribution of energy within the system. If the quantity of energy in each compartment of the

system at the start of a time interval, and the values of the various abiotic and biotic factors which

influence transfer processes, are known, the equations can be used to calculate or predict changes

in the distribution of energy over a time interval. A model such as this, which predicts changes

in the system, is a dynamic model and contains the most information concerning the functioning of

the system. This model, in its most general terms, is presently being constructed for the tundra

ecosystem. The mechanics of model construction and testing is being done by personnel of the

Desert Biome Program at Utah State University, with frequent consultation with Tundra Biome

scientists. The model is being built around a set of differential equations which describe the

principal transfer processes indicated in Figure 6.

Our knowledge of exchanges between some compartments, particularly the below-ground com-

partments, is far from complete. For the construction of this "first approximation" model, changes

in distribution of energy will have to be described as well as possible without full knowledge of

the various processes involved, i.e. a "black box" approach is required. Because of this, the

resolution of the first approximation model will not be great. The main function of this model is

not highly accurate prediction but the identification of compartments and processes that are

particularly important in the functioning of the system so that research effort may be directed to

the most critical areas. As our knowledge in these areas advances, the "black boxes" will be

replaced by more exact, mechanistic descriptions of processes in later versions of the system

model. The first approximation model will be constructed using data collected in 1970 and prior

seasons. It will be completed by early 1971, so that it may be used to modify the 1971 research.

Some processes of the system have been studied in such detail that accurate mechanistic

submodels can now be attempted. Detailed submodels ha\e been constructed for primary production

(Miller), depth of thaw and soil temperature (Nakano and Brown), and gross near-surface meteoro-

logy (Lord and Pandolfo). The status of each of these is discussed elsewhere in this report.

Eventually, these and other submodels will be brought tc^ether in a final system model. It is in

the final model that accuracy of prediction will be stressed, so that the model may be used for

system simulation and problem solving.
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UNDISTURBED ECOSYSTEM RESEARCH

Snow cover and summer climate

Abiotic

Carl Benson*
Dennis Trabant

Gunter Weller

Jerry Brown*

Don Victor

University of Alaska

University of Alaska

University of Alaska

USA CRREL
USA CRREL

During the 1969-1970 winter, the snowpack of arctic Alaska was significantly less than

normal. The maximum snow depth recorded by the U.S. Weather Bureau at Barrow was only 39%

of the mean value over the 9-year period beginning with the 1961-62 winter (Table III). This light

snow cover was particularly evident at site 1. By the first few days of June the area was more

than 50% snow free. Figure 7 is an oblique aerial photo taken on 4 June showing the snow-free

character of site 1 and the accumulation in the polygon troughs and in the Footprint Creek

channel.

The snowpack can generally be subdivided into two distinct layers. The upper layer consists

of hard, fine-grained (0.5- to 1.0-mm diam) wind-packed snow with density between 0.35 and 0.45

g/cm'. The lower layer consists of loosely consolidated depth-hoar crystals (up to 1 cm diam)

with density of 0.25 to 0.35 g/cm'. There frequently is a gradation from the hardest part of the

IN • _

}fh

Figure 7. Aerial oblique photograph of sites 1 and 2 and Footprint Creek

channel showing the snow cover on 4 June 1970.

*Principal authors.
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Table III. Snow depth on the pound (cm).

(ESSA climatological data.)

1961/62 62/63 63/6* 64/65 65/66 66/67 67/68 68/69 69/70 MEAN

SEP.
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Figure 8. Daily minimum, maximum and mean air temperatures, Barrow, Alaska.

July. Continuous gaging of runoff in the east fork of Footprint Creek was available through a dam

and a Pascal flume. This nearly total lack of runoff during the summer compared with the summer

of 1964 which was also extremely dry and cool and during which runoff was nil.

Micrometeorology

Gunter Weller*

Dennis Trabant

Gilbert Mimken

John Kelley

Gerd Wendler

Vaughn Rockney

University of Alaska

University of Alaska

University of Alaska

University of Alaska

University of Alaska

USA CRREL

The 1970 micrometeorology program began with the summer season. Therefore, the objectives

were to determine the energy fluxes and the distribution of energy within the three-layer system:

air/vegetation/soil. This program was extended to a four-layer system to include snow beginning

in the fall 1970. Three vertical levels of measurements were made to evaluate radiative, conductive

and convective transfer processes in the near-surface tundra environment:

1) Near-surface atmosphere: A 16-m tower was installed at site 2 in early June. Values of

wind speed and direction and ventilated air temperatures were measured at 1, 2, 4, 8 and 16 m above

the surface. The sensors were provided by the USA Natick Laboratories.

2) Plant canopy: Ventilated thermocouple sensors installed in copper tubes placed at 0, 2.5, 5,

10 and 15 cm above the soil surface and within the canopy were placed in several control plots and

manipulated treatments. Figure 9 illustrates one of these units, which employ a small d-c blower

motor. Radiation extinction was monitored at similar vertical intervals through the use of photocells.

3) Soil temperatures: Temperatures were measured with thermocouples to a depth of 1 m.

At site 2, micrometeorological data acquisition was on a paper tape data ledger at hourly inter-

vals. During periods of malfunction, data were collected on multipoint strip chart recorders.

*Principal author.
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Figure 9. Close-up ot air canopy probes.

Several typical results from the micrometeorological tower data are given in Table IV. Through-

out the summer, temperature profiles were nearly isothermal or showed slight inversions. Stabilities

were therefore neutral or slightly stable. Wind profiles were close to logarithmic and yielded rough-

ness parameters between 1 and 2 cm. The roughness parameters enter the computations of the eddy

heat flux, as an important terrain type specification.

Canopy temperatures for various manipulations provided interesting data on the effects of the

vegetation upon the thermal regime of the tundra surface. Temperature profiles were measured within

clip and cleared and mulched vegetative canopies as well as within a natural (control) canopy (Table

V). Temperatures within the mulched canopy are generally 1-2°C higher in the top layers of the

15-cn)-high canopy, where material has been added artificially, but are about the same as in the

other plots in the lower layers. The vertical temperature profile in the mulched layer is therefore

close to isothermal, whereas the clip and cleared plot shows temperature increases in the layer up

to 2°C, with higher temperatures at the soil surface. The control plot also shows temperature in-

crease with depth in the vegetation, but direct heating of the surface by radiation is not as pro-

nounced, owing to higher leaf area indices. The vertical wind structure in the natural and disturbed

canopies remains to be measured with hot-wire anemometers now available to the project.

Radiative energy inputs and outputs by reflection and thermal emission were measured at several

sites. Table VI gives the mean incoming short-wave radiation for 10-day periods obtained from the

Barrow Weather Bureau. The radiative flux divergences within the vegetation layer were computed

from these values and the mean measured extinction profiles. Extinction profiles as a function of

seasonal changes of the leaf area index will be computed.
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Table IV. Typical wind and temperature profile data, micrometeorological tower.

DATE HEIGHT SPEED DIRECTION TEf^PERSTURE
TIHE (M) (M SEC-l) (OEG.) (OEG.CI REMARKS

2200 16 0.97 303 0.85 LOh HIND SPEED, ISOTHERMAL
30 AUG. 8 0.87 304 0.95 TEMPERATURE STRATIFICATION

^ 0.76 284 0.90 Z(0)=2 CM
2 0.64 292 0.85
1 0.57 297 0.85

2400 16 4.55 242 -2,00 MODERATE WIND SPEED, AMBIENT
29 AUG. 8 4.15 244 -1.90 TEMPERATURES BELOW FREEZING,

4 3.60 248 -2.05 NE AR-FSOTHERMAL TEMPERATURE
2 3.15 239 -2.15 STRATIFICATION
1 2.76 238 -2.15 Z(0)=2 CM

2400 16 5.39 120 5.90 MODERATE WIND SPEED, AMBIENT
27 AUG. 8 4.85 130 6.00 TEMPERATURES ABOVE FREEZING,

4 4.30 136 5.90 NEAR-ISOTHERMAL TEMPERATURE
2 3.78 120 5.85 STRATIFICATION
1 3.37 132 5.85 Z(C)=1 CM

1200 16 5.47 222 7.35 MGCERATE WIND SPEED, SMALL
27 AUG. fl 4. 88 226 7.50 TEMPERATURE INVERSICN

4 4.33 229 7.60 Z(0)=1 CM
2 4.13 227 7.75
1 3.4R 229 7.90

1200 16 7.22 234 2.20 HIGHER WIND SPEED, SMALL
29 AUG. 8 6.57 243 2.30 TEMPERATURE INVERSION

4 5.76 233 2.45 ZJ0I=1 CM
2 5.28 214 2.60
I 4.37 227 2.75

Table V. Temperature in the vegetative canopy,

10-day means (°C*).

CLIP AND CLEAR PLOT

11 JULY 21 JULY 31 JULY 10 AUG.
HEIGHT TO TO TO TO
(CM) 20 JULY 30 JULY 9 AUG. 19 AUG.

15 5.2 4.0 3.1 2.8

10 5.1 3.9 3.1 2.9

5 - 4.5 3.9 3.1

2.5 _ _ _ 3.9

SURFACE 6.1 5.7 5.0 3.8

-5 _ _ _ _

MULCHED PLOT

15



Table VI. Incoming short-wave radiation, lO-day means (cal/cm' day).

HEIGHT



Table VII (Cont'd).

Mechanically manipulated surfaces

13. Ski-doo track, compacted vegetation

14. Weasel track, wet

15. Cat track, wet soil, bare

16. Road, gravel pad, wet

Oil spills on dry ground

17. Oil plot, ground-soaked

18. Fertilized oil plot

19. Oil plot, oil-soaked plants

Representative albedo value for total area

Albedo

(%)

21

15

13

11

22

20

17

20

Soil thaw and model validation

Jerry Brown*

Yoshisuke Nakano*t

Vaughn Rockney

Don Vietor

Richard McGaw

USA CRREL
USA CRREL
USA CRREL
USA CRREL
USA CRREL

Duwayne Anderson

Leander Stroscheint

Joseph Przybylat

Gregor Fellorst

USA CRREL
USA Natick Laboratories

USA CRREL
USA CRREL

The seasonal thaw of arctic soils is a sensitive indicator of near-surface energy exchange and

seasonal climate. The structure and composition of the vegetative and litter layers significantly

modify the soil thermal regime, thaw, and plant growth responses. For example, the hypothesis has

been offered that accumulation in litter reduces soil thaw and soil temperatures to the degree that

nutrient availability may be limited. In terms of summer climate, soil thaw can be characterized in

terms of air temperature and precipitation. During dry cool summers thaw is at a minimum and

conversely during warm wet summers thaw is at a maximum.

Soil thaw has been measured at site 8 since 1962. During this period, extremes in the secular

thaw pattern have probably been observed; 1968, the deepest thaw and 1964, the shallowest thaw.

The following values were averages of the same 200 points measured at site 8 since 1962: 1962 -

40 cm, 1963 - 38 cm, 1964 - 29 cm, 1965 - 37 cm, 1966 - 36 cm, 1968 - 41 cm, and 1970 - 36 cm.

The 1970 season produced about an average thaw at Barrow.

The objectives of the current program were twofold:

1. Determine the initial response or sensitivity of soil thaw to a variety of man-made and

natural perturbations. These studies were done in cooperation with the several biological and

pedologic projects.

2. Validate a soil thaw-temperature model by measuring soil temperatures and actual thaw

under a range of surface and soil variables.

In order to accomplish these objectives soil thaw was measured by probing on all plots at sites

1 and 2 at 10-day intervals. Site 1 plots and adjacent sites covering the complete range in soil

variability were instrumented with stacks of thermocouples. Thermocouple spacings were at every

2 cm in the upper 10 cm and 5- to 10-cm intervals below. Temperatures were automatically recorded

half-hourly on a paper punch tape data logger. Approximately 200 sensors were monitored through-

out the season. Temperatures were also recorded for other subprojects including leaf and canopy

temperatures.

Principal authors.

tNot at Barrow during 1970.
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Table VIII. Sample computer output for canopy, leaf and soil temperatures.
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Figure 11. Progression of soil thaw on site 2 plots.

The effect of mass transfer, especially water transport, on heat transfer is also an important

factor to be considered. It is anticipated that the change of thermal properties of soil with water

content and convective heat transport associated with water transport are major contributions to the

thermal regime. Efforts have been initiated to determine the effect of mass transport on heat trans-

port. Besides water transport, the quantities and migration of organic and inorganic chemicals

through tundra soils are particularly important during periods of freezing and thawing.

The thaw-temperature model involves a program in which an implicit finite difference scheme is

adopted to solve the one-dimensional heat conduction problem as soil water undergoes phase changes.
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Table IX. Space increments for mesh points.

Depth, X (m)
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Simulation of meteorological variations

Norman Lord*t The Center for the Environment and Man

Joseph Pandolfo The Center for the Environment and Man

Marshal Atwatert The Center for the Environment and Man

This study aim? to model numerically the spatial and temporal variations in the meteorological

properties of the coastal tundra ecosystem. A first-phase goal is to determine the most iii^)ortant

natural variations of the weather and how these would probably be modified by artificial perturbation

of the vegetative covers.

Originally, four terrain units were to be simulated: ridg6 and slope, lowland polygonal ground,

meadows, and thaw lakes. It was hypothesized that each type would be broad enough to permit its

local variation to be represented in terms of dependence on a vertical coordinate ranging from the

permafrost boundary to the upper atmosphere. Details of this project were contained in the original

proposal. The following is a summary of initial results.

Of the four categories of environment comprising the entire abiotic ambience of the tundra bior

sphere, lowland polygonal ground most closely corresponds to the simplifying assumptions of the

boundary-layer model being used to simulate the ambient physical variations. The Center for the

Environment and Man sea-air model was therefore modified to fit this case first and applied to a

time interval for the Barrow area that were available from the University of Washington, July 1966 data.

The boundary layer model, modified for soil and air, starts from initial values and predicts

primarily the variations in the following physical characteristics observable for a period of several

days:

1) Wind-height profile

2) Temperature-height profile in air and extending below ground surface

3) Moisture-height profile in air but ending at ground surface

4) Vertical component of energy flux at ground surface and at a lower reference level.

As part of the boundary conditions, the reflectivity to solar radiation (i.e. albedo), thermal

conductivity below the surface, and a constant temperature at a carefully chosen reference depth

must be specified. Existing soil temperatures showed a fairly constant temperature at the 16-cm

depth and a rough judgement was made so that at 20 cm below the surface, temperatures would be

constant at 274.5°K. Since both albedo and thermal conductivity were not directly measured in

1966, the principal interest in applying the model was to find the particular albedo and thermal con-

ductivity which produce simulated results in agreement with those observations. If such albedo and

thermal conductivity conformed approximately to values derived from 1970 field and laboratory obser-

vations, the model might then be applied with confidence to a wide variety of situations. Of

particular interest would be disturbances leading to changes in vegetation.

Initial profiles of wind, temperature, and moisture were derived from monthly average data

collected by the World Meteorological Organization for Point Barrow, Alaska, July 1966. Subsurface

monthly average temperatures were derived from 1966 data. Then, keeping their profiles constant,

a matrix of different albedo and assumed depth, invariant thermal conductivities were specified for

a set of 22 experiments. The range of thermal conductivity was judged by a rough measure of phase

lag in the estimated diurnal component of temperature variation between surface and the 16-cm

depth.

Results of the numerical experiments are given in Table XI wherein thermal conductivities are

stated in cgs units, temperatures in degrees Kelvin, and time lags in units of 5 minutes. These data

may now be compared with their counterparts in the 1966 data base which may be stated as follows:

Principal author.
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1) Temperature excursion

a. at surface

272°K to 292.5°K.

b. at -4 cm
274.8°K to 278°K.

c. at -16 cm
275.2°K to 276°K,

2) Time lags of temperature minima from surface minimum:

a. at -4 cm
80 minutes or 16 time steps.

b. at -16 cm

5 hours or 60 time stijps.

From Tables XIa and Xlb it is clear that the simulated results on temperature extremes indicate

wider excursions throi^hout the ranges of albedo and thermal conductivities covered. At the surface,

the maxima and minima decline with increasing albedo while with increasing conductivity the max-

ima decUne and the minima increase. Roughly extrapolating, the model would behave like the

observations for an albedo of 0.5 and a thermal conductivity of 0.003. At the 4-cm depth the model

temperature extremes behave somewhat differently and it is clear that to agree with observations,

we would have to go much further outside the albedo-thermal conductivity range.

On the other hand. Tables XIc and Xld show substantial agreement for thermal conductivity

between 0.0026 and 0.0034 and appropriately no dependence of the time lag upon the albedo.

The principal driving force of the physical variations is the diurnal variation of solar radiation

intensity incident upon the ground surface. However, both in reality and in the model there are two

additional driving forces of different spectral content. First, there is the wind vector which rotates

with an inertial period of 12 hours. Second, there is a nonlinear relation between turbulent thermal

transport in the atmosphere and the local vertical temperature gradient which generates high hannonics

of the diurnal frequency. Finally, there is the problem of real random cloud cover variation which is

not represented by the constant cloud cover assumption in the model and which may introduce into

observations a strong stochastic spectral contribution.

In an effort to eliminate diurnal harmonic spectral contribution, the temperature minima were

followed. Below the ground surface thennal conductivity may not vary with depth to judge simply

by the fact that the -16 cm lag is 4 times the -A cm lag. The reference level later may be chosen

more rigorously according to the thaw depth which is diurnally invariant during July and the tempera-

ture gradient at the -16 cm depth.

Disagreement of the model results in surface temperature excursion is probably due to greater

cloud cover prevalent for the specific day of the 1966 observations. More cloud cover can easily

be introduced into the model to try to bring temperature excursion at both surface and 4-cm depth

into agreement for overall thermal conductivity between 0.0026 and 0.0034. Next, the 1966 data

and the model data can be processed so as to extract a nearly pure diurnal component and with this

information to solve the thermal conductivity as depth-dependent in two layers (0-8 cm and 8-16 cm

depths). At that point, an approximate representation of the physical parameters required by the

numerical model will have been constructed.

Using the 1970 summer data, it will be possible to solve more closely the depth-dependent ther-

mal conductivity parameter. There are also better atmospheric data available for input data and more

comprehensive comparisons including those for wind and moisture. For both 1970 and 1966 seasons,

we will then have a model that works well enough to calculate the downward energy flux at the thaw

level. As further comparison data become available, the model will be applied to thaw lakes in

summer and winter, and lowland polygonal ground in other summer months and under snow during the

winter.

27



Table XI. Alaskan tundra environment simulation (mid-July 1966).

a. Temperature ejctremes (max and min) at sur-

face (°K).

p
Kinetic thermal conductivity (cm^/sec)

b. Temperature extremes (max and min) 4 cm below

surface (°K).

Kinetic thermal conductivity (cm /sec)

Albedc



Primary Producers

Primary terrestrial production and photosynthesis

Laxry Tieszen*

Sharon Tieszen

Ken Olson

John Ahrendt

Doug Johnson

Dave Harrison

Augustana College

Augustana College

Augustana College

Augustana College

Augustana College

Augustana College

Dale Greiner

Bob Vaughn

Frank Bogardus

Martyn Caldwell

John Dennis*

University of Michigan

University of Alaska

University of Alaska

Utah State University

University of Calgary

The central role of producers in determining the amount of available energy for the entire system

necessitated that a thorough study of primary production and its interrelationships with environ-

mental factors, energy flow through the various compartments, and nutrient cycling be undertaken

at Barrow. Thus, the subprojects which concentrated on aspects of primary production generally

focused on three integrated objectives.

The principal objective was a determination of the efficiency of energy incorporation and its

dependence upon both the physical factors of the above-ground environment and individual species

responses. These studies included a detailed examination of micrometeorological factors (especial-

ly temperature and light intensity) both above and through the canopy, a thorough analysis of

community composition and canopy structure, and a rather complete characterization of photosyn-

thetic responses and limiting factors in most of the predominant plants.

The second objective concerned more directly the flow of nutrients and energy. These studies

involved primary production related to nutrient availability, nutrient uptake and retention, and

nutrient release. In a similar manner, the distribution of matter and energy from the primary pro-

ducer compartment via herbivory, accumulation and loss of litter, decomposition, and saprovore

activity were studied.

The third objective was to attempt to determine the causal factors associated with the range

of production values found in the various community types at Barrow and to compare production

values and canopy structures from the coastal plain of Alaska and the latitudinal transect and
between the intensive sites of the Arctic and the Alpine at Colorado.

Plant production was estimated by clipping 0.1-m^ quadrats at the base of the moss layer,

separating all higher plants by species, and subsampling for dry weight, caloric determinations,

nutrients, chlorophyll, lipids, and carbohydrates. Net above-ground production attained a maximal
value of about 100 g dry wt/m' shortly after 1 August, which is approximately 6 weeks after snow-
melt. Thus, most of the above-ground production occurs in a six-week period or less (Fig. 14).

In this early part of the growing season production appears to be linear with time and is associated
with an apparent increase in caloric content from a mean of around 4300 cal/g at the beginning of
the season to a maximum of 4500 cal/g at the peak. This trend is present in each of the species,
and preliminary data indicate that it is correlated with a similar increase in lipid content.

Comparison of primary production with sample years dating back to 1960 at the Gasline site
of Schultzt (Fig, 2, site 12),shows that 1970 was an exceptionally good year for growth. Both
Eriophorum angustifolium and Dupontia fischeri production exceeded that of previous peak years.
The unusually large production was apparently the result of low lemming numbers coincident with
a favorably long growing season.

Subsurface standing crops of vascular plants were measured at peak season in early August
on two plots. Total standing crop of all living material present in the top 20 cm of soil ranged
from 1075 to 1600 g/m'. Subsurface-to-shoot ratios ranged from 11:1 to 14:1. In the organic mat,

* Principal authors

t Observations provided by Schultz's subproject
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Figure 14. Seasonal primary production values, site 2 control plots, Barrow, Alaska.

<2. cm thick, between 60 and 85% of the living material consisted (rf rhizomes and stem bases.

Rhizome material in the top 5 cm of mineral soil constituted from 20 to 60% of the total living

phytomass. Up to 77% of the living material in the second 5 cm increment of mineral soil consis-

ted of rhizomes. There were no rhizomes in deeper increments. Between 80 and 99% of the total

living subsurface phytomass occurred in the top 12 cm of soil (includes the organic mat). These

data indicate that subsurface vascular plant activity primarily occurs in the upper part of the active

layer, in that part of the soU, having early and rapid thaw, warmer temperatures, and higher oxygen

contents. Maintenance of a large subsurface standing crop requires either long-lived structures or

rapid turnover with high annual input of photosynthate.

The absence of high numbers of lemmings for several years has resulted in an accumulation

of standing dead material. Careful physical observations allowed a separation of this material

into age classes by year of production. In this material, caloric content was distinctly lower as

the age of the material increased. Thus, there is an apparent leaching or decomposition of organic

materials in the standing dead compartment. The extent and mechanism of the removal of materials

from this compartment by these means remains to be determined.

Of the species found on site 2, Dupontia fischeri, Eriophorum angustifolium, and Carex aquatilis

were the most abundant and accounted for the majority of the production. In contrast to these

species, in which growth was continuous during the season, some of the producers revealed dis-

tinct seasonality in production. Seasonal production in the cryptc^ams could not be followed due

to methodolc^ical problems. However, the total standing crop of live portions of cryptogams at

the peak of the season was measured in one plot. A foliose lichen provided an average of 2 g/m^,

polytrichum-type moss an average of 3 g/m^ and aU other mosses an average of 40 g/m\ Thus,

production in this layer is quite substantial and significant.

Chlorophyll determinations were made as an indication of the amount of photosynthetic tissue

in the community, as a unit for comparison with laboratory photosynthesis studies, and as an indi-

cation of onset and degree of senescence. Chlaophyll content in the community decreased rapidly

after 15 July, suggesting a rapid loss of photosynthetic capacity and an onset of senescence in

some leaves (Fig. 15). This was also indicated by the detailed growth studies on Dupontia fischeri,

Alopecurus alpinus, and other grasses where the first leaf of the season was decreasing in photo-

synthetic activity by 15 July. Chlorophyll varied by a factor of 2 among the species; its distri-
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Figure 15. Seasonal chlorophyll contents, site 2 control plots, Barrow, Alaska.

bution in blade and non-blade material also varied. For example, at the peak of the season

Eriophorum angustifolium possessed 20 times more chlorophyll in the blades than in the remainder

of the plant while in Carex aquatilis nearly a third of the chlorophyll was in non-blade material.

Field photosynthesis determinations with a portable "COj technique indicated that these stems

and green flowering structures were active in the uptake of COj.

Table XII contains the seasonal data for these above ground production parameters. The plant

nutrient data for the three principal species show several distinct seasonal trends, particularly

for the more mobile elements: phosphorus, nitrogen and potassium. Phosphorus showed an initial

increase followed by a leveling off, a gradual decline and late season increase (Fig. 16). The

phosphorus values from site 2 were lower than those reported from other previously sampled Barrow

sites. The low values compare favorably with other low lemming years. Nitrc^en showed a more

consistent increase, followed by a late season decline and subsequent rise (Fig. 17). Other

elements (Ca, Mg, Fe, Mn, Zn) showed no clear trends. Late summer values for nitrogen and

phosphorus were higher than the spring's standing dead. Again this suggests nutrient leaching

prior to initiation of the following growing season.

The mechanistic approach to an understanding and modeling of primary production requires a

thorough knowledge of leaf position and orientation in the canopy. These considerations are neces-

sary to calculate and predict energy exchange and photosynthesis in individual leaves, intact plants,

and entire stands through one entire growing season. The 1970 plant studies utilized an inclined

point frame system to estimate for each species leaf area indices (LAI) as a function of position

in the canopy.

The leaf area index is a measure of the amount of leaf cover, and may be thought of as the

ratio of the area of leaf surface to the area of ground. Thus a leaf area index of 0.8 means that 80%

of the surface is covered by leaves. These indices were determined at six sampling periods through

the growing season with a frame consisting of 39 pins at 2.5 cm intervals. Usually the contacts of

at least 500 pins were recorded upon pushing the pins through the entire depth of the canopy.

Slight changes in microrelief resulted in a few contacts below mean ground level, and in this report

these contacts are grouped in the increment "-X to -0.1."
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Table XII. Above pound production.

IS JUNE 25 JUNE 5 JULY 15 JULY 14 AUG. 2* AUG.

ERIOPHORUH
ANGUSriFOLIUf
PRIMARY PROD *1
CHLDR0PHYLL/SQ.M.*2
CHLOROPHYLL/G *i
CALORIC VALUE »*
LEAF AREA INDEX

CAREX AQUATILIS
PRIMARY PROD
CHLOROPHYLL/SO. M.
CHLOROPHYLL/G.
CALORIC VALUE
LEAF AREA INDEX

DUPONTIA FISCHER I

PRIMARY PROD
CHLOROPHYLL/SO. M.
CHLOROPHYLL/G.
CALORIC VALUE
LEAF AREA INDEX

ALL FOLIAGE
PRIMARY PROD
CHLOROPHYLL/SO. M.
CHLOROPHYLL/G.
CALORIC VALUE
LEAF AREA INDEX

2.99
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Figure 17. Seasonal nitrogen contents, site 2 control plots, Barrow, Alaska.

The maximum leaf area supported by the community, LAI = 1.2, was contained within a zone

20 cm high and was greater in the 0-5 cm increment than any other. However, a greater amount of

leaf material of D. lischeri and C. aquatilis was in the 5-10 cm increment than was the case in

E. angustifolium. The standing dead (attached growth from previous years) also accounted for a

LAI of 1.2 at this time. This material is very significant in the canopy as a non-functional absorber

of radiation, and the consequent effect of the shading of photosynthetic leaves must be known.

These dead leaves were distributed mainly in the bottom of the canopy where their influence on

the vascular plants is probably reduced. Leaf angles varied greatly from predominantly horizontal

in some of the fwbs to quite erect in the three major producers. The functional significance of

this wiU be tested in the primary production model and should be validated next summer.

Leaf area indices varied widely from one community to another as did the total primary pro-

duction values. The highest indices were obtained in very wet habitats and were found in pure

stands of Dupontia (ischeri and Arctophila (Mva where the leaf area indices (5.1 and 7.5 respec-

tively) were associated with equally high values for total production (734 and 541 g/m^). Pre-

sumably the erect nature and marked stratification of the leaves in these species are related to

the high potential leaf area and production values. Figure 18 contains plots of seasonal LAI values

for the thiee principal species and the total foliage.

Requirements for stand photosynthesis and production predictions require a knowledge of air

temperature in the canopy and its relationship to radiation intensity and wind. In conjunction with

the micromet program, aspirated thermocouples were placed in control, mulch, clip and cleai', and

the greenhouse plots at heights of 0, 2.5, 5. 10 and 15 cm. Air temperatures in the control canopy

showed some profile development, with highest temperatures near ground level. Temperature in

instrumented leaves was usually tightly coupled to air temperature, although occasionally, under

clear conditions, leaf temperatures were considerably above air temperature. Much more significant

are the differences in both leaf and air temperatures associated with seemingly minor changes in

microrelief.

Efficient utilization of the 24 hours of radiation near the summer solstice demands that leaf

production and expansion be attained as soon in the growing season as possible, since the light

available around midnight decreases rapidly after about 15 July. Accompanying this limited radia-
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Figure 18. Seasonal LAI values, site 2 control plots, Barrow, Alaska.

tion supply is the effect of leaf shading in the canopy, a factor which is substantially increased

by the standing dead material accumulated in the absence of a lemming high. Again in cooperation

with the micromet prc^am, photocell systems were positioned in the canopy to record seasonal

changes in light extinction through the canopy. Light intensity in the canopy was reduced sub-

stantially below 15 cm, and at ground level was generally less than 10% of incoming visible ra-

diation. Light intensity differed markedly between noon and midnight and was reduced by the end

of the season to about half the amount available at the beginning of the growing season. As is

indicated by the photosynthesis studies, leaves are frequently light-limited.

The approach of the subproject in modeling primary production is based on a prediction of

stand production from a knowledge of species responses under various environmental conditions.

Thus, detailed photosynthetic characterization of many of the main species was necessitated. In

addition, aspects of the project attempted to determine unique adaptations or responses in these

plants. Therefore, mechanistic aspects of photosynthesis were invest^ated.

The photosynthesis studies included a survey of carboxylation systems in all native vascular

plants. From the standpoint of photosynthetic efficiency in COj uptake, one might expect some

phosphoenol-pyruvate carboxylation plants. The fact that this system is usually associated with

tropical plants and taxonomic groups, however, would suggest its absence from this region. In

all cases carboxylation activity was higher with ribulose, 1-5, diphosphate than with phosphoenol-

pyruvic acid as substrate, although often there was considerable PEP activity. Associated with

the high RUDP activity were high CO^ compensation concentrations (range = 35-80 ppm). Associated

with these biochemical and physiological comparisons were more detailed studies of the grasses

at Barrow; and, in addition to the above features, aU showed a marked stimulation of photosynthesis

in the absence of oxygen. This stimulation was not accompanied by an increase in transpiration

or a decrease in stomatal diffusion resistance. All grasses possessed a COj dependency at and
below ambient concentrations, thus indicating that ambient COj concentrations were limiting photo-

synthesis at high intensities.

The photosynthesis characterizations showed that all responses were similar to those generally

associated with grasses possessing high RUDP activity. Thus maximal (light saturated) rates

were low and in these grasses usuaUy averaged less than 10 mg COj/dmVhr. These low values,
however, are considerably below those characteristic of similar grasses from temperate latitudes.
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Two grasses {Arctopinla (ulva and Elymus arenadus) had distinctly higher rates and also pos-

sessed very high growth rates. The light intensity curves for photosynthesis indicate that satur-

ation is approached between 2500 and 5000 ftc but in most cases is not attained at 1000 ftc.

Light intensities required for compensation are somewhat high due probably to the high respira-

tion rates which characterized all grasses.

Temperature optima for net photosynthesis were usually around 15°C. The COj uptake de-

creased at lower temperatures but at O'^C there was stiU substantial photosynthesis. At the

higher temperatures net photosynthesis decreased rapidly. This was associated with a marked

stimulation of the generally high respiration rates by temperature. The temperature optima for

the isolated carboxylation enzymes were higher than those iac leaf photosynthesis, indicating

tliat the decrease in COj uptake at high temperatures must be due to other factors. It should be

noted, however, that there were species differences in the temperature stability of RUDP car-

boxylase.

Major components of the production studies were the detailed growth rate and phenology of

photosynthesis determinations on five species. Growth and photosynthesis were initiated about

15 June with the production of the first leaves. This leaf in Dupontia, for example, was the most

efficient leaf in CO^ uptake until around 1 July at which time senescence and a decrease in COj
uptake ensued. During this time, however, leaves number 2 and 3 emerged and began replacing

leaf number 1 as the most important photosynthetic structure. Interestingly, growth as measured

by increase in plant height or leaf number attained its optimum between 15 July and 1 August

which agrees with the period of maximum production in the entire community. It must be stressed

that the last leaves to emerge and develop did so after "maximal production" had occurred. Thus,

since they are still actively incorpaating COj, it must be at this time that large proportions of

photosynthate are being allocated to reproductive and/or storage tissue. In stiU other species,

e.g. Ranunculus nivalis and Saxifraga cernua, there were distinct differences between the acti-

vities of the basal leaves and those attached to the flowering stems. Basal leaves were usually

considerably more important in COj uptake. In all cases, however, the actual COj uptake rates

were dependent upon light intensity. Thus, time of day, position in the canopy, and the canopy

structure were very important factors affecting COj uptake.

Although the emphasis in the above discussion is on the effect of available light intensity,

it must be mentioned that other factors also control production on this and other sites. Some of

these comparisons are made in the report on the activities at Prudhoe Bay. At Barrow, obser-

vations on the community gradient site (4) reveal additional differences. This site included 6

study plots which encompass a moisture and topographic gradient from low, wet meadow and

polygon through to raised, dry polygon top. Peak-of-season leaf area indices varied from 1.50

(wet meadow) to 0.56 (eroded polygon top), and were associated with similar changes in above-

ground production of from 71.6 to 16.6 g/m'. Similarly, the extent of vertical development of the

canopy could be related to this moisture gradient. At the alpine site on Niwot Ridge, Colorado,

where radiation is considerably more intense, the maximal production of above-ground material in

Kobresia meadow averaged 120 g/m^ a value only slightly higher than those obtained from site

2 at Barrow. Thus, factors other than light intensity and temperature are extremely important in

determining the magnitude of the production at different sites. These factors will need to be
taken into account as we attempt to generalize from the Barrow site to other tundra areas.

Primary productiou model

Phil Miller* San Diego State College

Larry Tieszen* Augustana College

Each of the previously discussed studies was designed to provide input into a model to pre-
dict community photosynthesis in tundra regions. The model simulates the physiological mech-
* Principal authors
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anisms which control photosynthetic rates in an attempt to identify the ways in which tundra

conditions may limit physiological processes. The present model was expanded and modified from

an earlier physiological model, so as to take advantage of the existing arctic tundra data base.

Because of this, the model is ready for first order validation of predictions of tundra photosynthesis

using 1970 and earlier data.

The model first calculates vertical profiles of temperatures of sunlit and shaded leaves by

setting the leaf temperature equal to air temperature and repeatedly calculating the leaf tempera-

ture with corrected infrared radiation profiles until the leaf temperatures do not change more than

0.1°C. After these leaf temperatures are calculated the energy budgets for sunlit and shaded

leaves at each level are calculated. The increment of water deficit is calculated from the trans-

piration rate and a rate of water uptake. At present, water uptake is assumed to be constant. Then

gross photosynthesis is calculated from absorbed solar radiation and leaf resistance. The lower

rate of gross photosynthesis is selected and reduced proportionally to the temperature departures

from the reference temperatures if absorbed solar radiation is not limiting photosynthesis. Res-

piration is calculated in relation to leaf temperatures and net photosynthesis is calculated. The

effects of standing dead vegetation on the radiation and wind regimes in the canopy were not in-

cluded; these are being added to the model. Since no data on air temperatures were available,

prior to 1970 air temperatures within the canopy were set equal to the air temperatures above it.

The stand photosynthesis model calculates the net production of leaves. This net produc-

tion is assumed to be allocated to roots for storage or growth and to leaves for new leaf area.

The allocation process defined by the model is constrained by optimum leaf/root ratio and by the

energy economy of leaf production. Allocation to seed storage is not yet included in the model.

Leaf area expands at a given level depending upon net photosynthesis and an arbitrary maximum

leaf area fa each level. Surplus in excess of the requirements for already established canopy

levels results in a growth of a new level at the top of the canopy. Species position and light

utilization characteristics are to be considered in expansion of the model.

For the purpose of validation, the year 1965 was selected as the most complete set of data

for the Barrow area. Numerous transformations of the published and unpublished data were nec-

essary for production of a consistent set of units.

Several conclusions may be drawn fromthe analysis of the 1965 data (recently supplemented

by 1970 data):

1. Even with a low canopy and small leaf area indices, light extinction in the canopy is high

because of low solar altitudes.

2. Production is limited primarily by light and temperature. Warming the area should increase

production.

3. Infrared radiation and ground surface temperatures do not affect transpiration or net pro-

duction greatly, because their influence on leaf temperature is slight due to high convectional ex-

change. Ground temperatures will affect root respiration and the accumulation of root mass in

the growing season.

4. Evaporation rates calculated with a small leaf area index are similar to those measured

in 1965 by Dennis.

5. Primary production increases with leaf area index up to a leaf index of about 0.5 then

decreases, using photosynthesis-light curves representative of average tundra species measured

in 1969 and a leaf slope of 15°. Evaporation continues to increase with leaf area index.

6. Leaf temperatures are consistently about 0.5°C below air temperature because of the low

intensity of solar radiation, the relatively large negative infrared radiation balance, and the high

convectional exchange potential of the leaves,
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7. The model could be used to generate a surface of net production as a function of solar

radiation and air temperature, which could be used to fit a less elegant and less expensive

model of production.

Aquatic production and photosynthesis

Bob Barsdate* University of Alaska

Vera Alexander* University of Alaska

Alex Fu University of Alaska

Tom Tribble University of Alaska

Richard Prentki University of Alaska

Don Schell University of Alaska

Mary Nebert University of Alaska

Production in arctic lakes and ponds is extremely low, even compared to oligotrophic lakes

in temperate latitudes. Although the phosphorus levels in tundra ponds are not extremely low

according to standards of temperate latitudes, nutrient limitations (particularly of phosphorus)

in combination with the effects of light and temperature have been held responsible for the low

rates of primary productivity in this environment. Thus it seems likely that changes in the rate

of phosphorus input into the pond environment will have a marked influence on plankton produc-

tivity. In addition, perturbations of the aquatic phosphate levels may affect microfloral regenera-

tion rates and the flux of phosphorus and other nutrients back to the terrestrial environment through

the emergence of the adult forms of the abundant invertebrate fauna and other pathways.

The main objectives of these studies were to determine the importance of phosphorus in

small pond ecology and to assess the sensitivity of the system to variations of the incoming

flux of phosphorus. The primary concern is to determine:

1. the relationships between the rate of supply of dissolved inorganic phosphorus and the

standing stock and rates of plankton primary productivity, and

2. the rate of uptake and regeneration of phosphorus from detritus and suspended particulates

as a function of phosphorus concentration.

These studies wiU provide flux rates and residence times for phosphorus and will provide

some indication of changes in the nature of the phosphorus cycle resulting from various levels

of incoming phosphorus flux. In addition they should indicate to what extent the rate of primary

productivity in these ponds is controlled by the supply of phosphorus. These investigations will

hopefuUy result in a sufficient understanding of this aquatic environment so that predictions

concerning perturbations resulting from land surface disturbances or fertilization can be made

more usefully than is now possible. For these reasons, the scope was expanded to include several

perturbations and observations of previously stressed aquatic ecosystems.

A series of small ponds (site 7) adjacent to site 2 were selected and subjected to detailed

observation and experimental manipulation during the summer. A group of these small ponds,

designated B, C, D, and E, are similar in size and general appearance (Fig. 3). These basins

are shallow, permanent ponds located in an area of poorly drained low-centered polygons. Samples
were taken throughout the summer for baseline primary productivity determinations, estimates of

biomass, nutrient chemistry, and kinetics, and certain routine physical and chemical determinations.

Ponds B and C were used as control ponds, and manipulations carried out on these were confined

within polyethylene containers. Pond D was the site of two manipulative studies of the effects

of phosphorus addition. Pond E was also used for baseline studies until mid-July, when an oil

spUl was introduced. Ponds F, G, H, and I aie different from each other, and from the ponds

mentioned above. They were included to broaden the scope of the pond types represented. Pond
F is small and shallow, and is probably ephemeral in dry years. Ponds G, H, and I are located

in a drier terrain on an area of high-centered polygons about 500 m west of the control ponds.
* Principal authors
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This section of the report presents results from the control plots, the phosphorus experi-

ments and the interactions of nitrogen nutrition with primary production. The field program

started on 18 May and was terminated 14 September 1970.

The quantitative phosphorus analyses consist of the determination of dissolved reactive,

dissolved unreactive (organic), particulate reactive, and particulate unreactive phosphorus. This

elaborate scheme was in part necessitated by the presence of dissolved organic acids and par-

ticulate iron-rich suspensions in tundra waters, as both of these fractions may contain substan-

tial quantities of phosphorus not intimately involved in the biological phosphorus cycling in the

ponds. Phytoplankton uptake, microbial regeneration, and physicochemical transports were

assessed by "P tracer techniques in combination with the addition of antibiotics and metabolic

poisons.

Primary productivity was measured using '"C labeled bicarbonate, with incubation under

natural light. Only phytoplankton productivity was routinely determined, and the quantitative con-

tribution of benthic plants is not known. Chlorophyll a, pH and alkalinity data were obtained

for each productivity measurement. Light, dark and net productivities are all reported since

1) dark uptake tends to represent a substantial proportion of the total uptake and 2) dark uptake

data may be used independently to estimate heterotrophic activity in the water.

In conjunction with the biolc^ical and chemical aquatic work a number of routine physical

measurements were made at the study ponds. East-west transects were established across ponds

C and E, and depth of thaw profiles were obtained at intervals across these transects by the frost

probe technique. Vertical profiles of aii', water and sediment temperatures were obtained from

thermocouple strings placed near the centers of ponds C and E. Additional air temperatures, mid-

depth water temperatures, and sediment suiface temperatures for ponds B, C, E, and F together

with water levels for ponds B, C, and E were measured.

Pond D, which had a surface area of 750 ra^, a mean depth of 20 cm, and a volume of 150 m',

was subjected to enrichment with phosphate, and the effects on primary production, phosphorus

cycling, and nitrogen cycling were monitored. The first addition, on 25 July, involved the addi-

tion of 46 g phosphorus, designed to produce a final concentration of about 300 /xg P per liter of

pond water. A second addition of phosphorus was made on 28 July, this time designed to produce

a somewhat h^her final concentration of phosphorus.

The initial phosphorus addition appeared to result in a slow increase in primary productivity.

The second, somewhat excessive, addition had the initial effect of depressing photosynthesis to

some extent immediately and totally on the day following treatment. This was followed by a

rapid recovery, with a steady increase in photos ynthetic rate to higher levels than otherwise had

occiured in the ponds throughout the summer. The persistence of these high rates will be

determined upon completion of sample processing.

The first addition of phosphorus to pond D resulted in a concentration of 174 /ig/literof

dissolved reactive phosphorus one day after the enrichment, compared with a value of 2.6 prior

to the treatment. The second addition resulted in a phosphorus concentration of 780 ^g/liter.

The rate of decline from this h^h level was rapid. Dissolved unreactive phosphorus appeared
to decline during treatment and then to slowly decrease.

There were no apparent changes in organic nitrogen nutrient levels in the pond following

manipulation. Measurements of nitrogen t jcation using acetylene reduction did not indicate nitro-

genase activity before or after treatment. The behavior of tlie particulate nitrogen fraction was
of interest. There appeared to be a clear positive response to the original phosphorus addition,

which was further augmented by the sec.ond phosphorus addition. The peak in particulate nitrc^en
lasted only a short time and was followed by a rapid decline to pretreatment levels. This pre-

sumably was due to limitation by a different nutrient. Addition of ammonia at this point resulted
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in a second particulate nitrc^en increase. The maximum particulate nitrogen level was 400 /^g/

liter, compared with a baseline level between 60 and 85 f/g/liter.

Sub-ponds created within ponds B (B,. B^, B,) and C (C,. Cj. C,) also were subjected to

phosphorus manipulation. These sub-ponds consisted of containers constructed of clear poly-

ethylene sheeting, each containing an area of about 2 m^ and open at the top and bottom. Syringe

pumps were set up to deliver phosphate solution at a steady rate over a long period of time. In

each pond one sub-pond was not subject to manipulation but was used as a control for the enclosures.

Sub-ponds Bj and C^ were supplied with phosphorus at a rate of 0.5 mg P/day (about 2//g P/liter-

day) and B, and C3 at a rate of 2.5 mg P/day (about 10/ig P/liter-day) starting at 2200 hours, 29

July 1970. Only two sets of primary productivity data are available at present, one for before

and one for after treatment. The data are somewhat variable but do appear to have a general trend

for increased productivity in the treated ponds, especially marked in the case of pond Cj. In

pond C3 the productivity rose from a net rate of 0.02 fjg C/liter-hour to 2.45 /igC/liter-hour. A

slight increase in pH was also evident. Quantitative phosphaus determination and "P kinetic

studies were done (nominally at 5-day intervals) through mid-September. By 11 August the phos-

phate concentration had increased tenfold in the high level treatment subponds.

The treated sub-ponds were tested for nitrogen fixation before and during phosphorus infusion.

No evidence of nitrc^en fixation was found by the acetylene reduction technique. Some '^N nitro-

gen fixation determinations were also made; the results of these are not available as yet. There

was no consistent increase in particulate nitrogen within these sub-ponds during treatment.

The rate of ammonia production within the pond area was measured using an isotope dilution

technique. A quantity of '^N ammonia was added to a water sample, the initial '*N enrichment of

the ammonia fraction in the water determined, and then the enrichment determined again following

24 hours of incubation. This yields the rate of supply of ammonia from other nitrogen fractions in

the water (dissolved and particulate organic, animal excretion, plant excretion, etc.) but does not

take into account any supply from the sediments to the pond waters. The information is an indica-

tion of the metabolic activity of the microorganisms responsible for nitrc^en regeneration, and gives

a good idea of the amount of nutrient available for plant growth as a result of sucli in situ regenera-

tion.

Due to mass spectrometer problems, not all the samples have been analyzed. The few

currently available results are given here:



Table XIII. Primary productivity, phosphorus concentrations

and related factors, pond B, 1970.

PRIMARY PRODUCTIVITY



Table XV. E^imary productivity, phosphorus and nibogen concentrations

and related factors, pond D, 1970.*

Cl^ PRIMARY PROD PARTICULATE
AlK. (UG C/LITER-HR) PHOSPHORUS lUG/LITER)** NITROGEN lUG-AT/l ITER ) NITROGEN

DATE PH (MEC/LI LIGHT DARK NET ORP DUP PRP PUP TP NH3-N N02 -N N03 -N (UG/LITER)

57.

S

85.17
130.65

2 0.0* Q.I 243.56
2 0.07 O.l 216.98
3 0.07 O.l 403.95
2 0.04 J.l 93.11
2 0.06 0.1 88.27
2 0.06 0.1 105.43
2 0.04 0.1 137.67

79.38
162.9
125.31
108.64
55.07
173.01
224.19
260.72

20 MAY
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One of the conspicuous features of the coastal tundra ecosystem is the dominance of a single

grazing species, the brown lemming, Lemmus trimucwnatus. Population density of tills species

varies in a cycle of large amplitude over a 3 to 5-year period. In the absence of other significant

grazers, this results in a cyclic grazing process.

In 1970 lemming density was very low. The results of standard kill-trap lines, which have been

run at Barrow by Pitelka since 1955 (Fig. 2) allow us to compare lemming abundance with that record-

ed in previous seasons. The 1970 results are given below:

Lemmus trimucronatus

DicTostonyx groenlandicus

22 June-

8 July



The live-trap plot near the intensive site was run between 16 and 21 August; no lemmings were

captured here, either. Brown lemmings were occasionally seen in this area during the summer; how-

ever, this area was repeatedly visited by a large number of alert observers and the observations may

have been of transient lemmings, or of individuals in a population so sparse as to make detection by

trapping unlikely. Thus, while the primary objective in trapping was not accomplished, the results

emphasized that, at low points in the cycle, lemming abundance approached zero.

While few data were acquired directly, this was, perhaps, an ideal seascxi to begin an intensive

study of the effects of lemming grazing on other ecosystem components. The tundra vegetation was

last subjected to heavy grazing in 1965; since then considerable recovery has occurred. This is

particularly evident in the large amount of standing dead material in the vegetative canopy. A study

of the feeding ecology of Lemmus Uimucronams, emphasizing food selection by lemmings and its

influence on the vegetation, was begun by Melchior.

In a pilot study, the food preferences of six hand-captured brown lemmings were tested in

individual experimental enclosures. Each lemming was permitted to graze a Vz-m area containing

four plant species. Each plant species was presented as a homogeneous 625-cm block of sod with

its natural standing crop. At the end of a 4-hour period, the lemmings were removed from the test

enclosures. The wet and oven-dry biomass of standing crop remaining was determined and compared

with the wet and oven-dry biomass of standing crop on ungrazed (control) blocks of sod. The food

preference of each lemming was ranked from 1 (greatest biomass consumed) to 4 (least biomass

consumed). The mean rank of each of the four plant species was: 1 for Eriophorum scbeucbzeri,

2.3 for Dupontia fiscberi, 2.7 for Carex aquatilis, and 3.6 for Arctophila fulva. As indicated by

these data, all of the lemmings showed a preference for Eriophorum scbeucbzeri; however, lemmings

must be tested on many additional combinations of grasses and sedges and the preferences among

these then related to lemming densities and the distribution of plant species. In anticipation of

further work on the feeding ecology of Lemmus trimucronatus, a large lemming enclosure was con-

structed and a point frame (see section on primary production) was used to characterize the pretreat-

ment (ungrazed) condition of the vegetation within the enclosure. Several areas within the enclosures

were protected from grazing; these served as controls. A live-trap grid was established near the

enclosure to monitor the unconfined lemming populations.

An additional study, which although not conducted primarily at Barrow is critical to an under-

standing of the role of lemmings in the ecosystem, is being made by Coady and West on the energetics

of the brov;n lemming. This study is investigating the relationship of lemming metabolism to ambient

temperature, time of season, phase of cycle, and other relevant factors and will provide estimates of

digestive efficiency of lemmings consuming their natural diet. The results will allow us to convert

estimates of lemming density to estimates of energy utilization. When this is combined with data on

feeding behavior, the intensity of grazing on the vegetation throughout the population cycle can be

estimated.

Metabolic rates of lemmings have been measured in each season of the year. A sample result,

which shows the oxygen consumption of spring-acclimatized lemmings measured at constant tempera-

ture over a 24-hour period, is given in Figure 19. Animals used for these measurements were

supplied with food and water and had sufficient space to move around freely. Average daily metabolic

rates can be calculated from such records and will indicate at least minimum values for animals in

their natural habitat at the same time of year.

When a series of measurements is made of oxygen consumption over a range of temperatures the

relationship between ambient temperature and metabolic rate may be calculated. For example, using

animals captured at Barrow during the summer season, the following relationship was found:

Oo consumption (cc/g hr) = 2.89 - (0.074 x temp in °C).
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Figure 19. The diurnal oxygen consumption rate (or a lemming.

Arthropod populations
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The objectives of the study on tundra arthropods were 1) to estimate seasonal changes in num-

bers of the more abundant arthropod groups and 2) to investigate in greater detail population

phenomena and energy flow in one conspicuous and important group, the crane flies (Diptera:

Tipulidae).

Samples for the determination of arthropod abundance at site 2 were taken from the same study

plots and quadrats sampled by other subprojects (Tables XVII and XVin). The sampling unit was

a 15.2-cm-diam sod core taken to a depth of approximately 10 cm or to the mineral soil. Previous

sampling had revealed that very few arthropods were found at greater depth or in the mineral soil.

Two cores were taken from each of two sample quadrats from the five destructively-sampled control

plots. Thus, the results may be analyzed by sample, or according to nested quadrat, plot, and study

site. In this report only summary figures are given. The intensive site control plots were sampled

at 10-day intervals, beginning 16 June. Three of the natural manipulations (clip and clear, clip

and uncleared, and light-intensity mulch), and the artificial manipulation site control plots were

sampled at 10-day intervals, beginning 19 June. The community gradient site was sampled on 22

June and at 10-day intervals thereafter. Sod cores were placed in berlese funnels for three days to

remove the arthropods. The partially dried samples were then sorted by hand and any additional

arthropods were removed.

The number of arthropods removed per square meter from the site 2 control plots is given in

Table XVII, The biomass estimates given for the two crane fly larvae are based on recorded size

distributions of extracted larvae and known length: weight regressions.

The most abundant arthropods were the Collembola. The recorded densities of 40,000-65,000/m

are at the upper end of the range of densities reported for a wide variety of the world's habitats, and
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Table XVII. Soil arthropods, site 2 control plots.
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The most important species of arthropods on the study area are the two species of Tipulidae.

All of the other values given in Table XVII represent taxonomic groupings of several to many species.

On the intensive study area the smaller, carnivorous crane Uy larva, Pedicia hannai, was more

abundant than the larger, saprovorus species, Tipula carinilrons.

AH of these arthropods showed similar seasonal changes in abundance, with greater abundance

recorded in the early and late periods of the season than in mid-season. In the Diptera, pupation,

emergence of adults, and breeding aU occur in July; recruitment of new larvae into the population

occurs soon thereafter. Larvae lost due to predation or other mortality, or due to emergence, are

replaced at that time. The annual cycle of abundance results from highly seasonal recruitment

combined with mortality distributed over the entire season. If recruitment is insufficient to replace

animals lost to mortality, the population shows a net decline over the season. This was the case

for Nematocera larvae and for Pedicia hannai in 1970.

Even with a highly synchronous period of adult emergence the number of dipteran larvae in the

soil never approaches zero. In fact, the lowest numbers were approximately 50% of the greatest.

These data indicate life cycles of more than one season, with larvae of several generations co-

existing in the soil at any time. This is confirmed by data on size distribution of larvae; for ex-

ample, the early season size distribution of Pedicia hannai showed a clear bimodality with the

peaks representing larvae of different ages:

Size distribution of Pedicia hannai larvae - 16 June 1970.

length-mm



years as well. The dates encompassing the central 75% of the emergence were 6-12 July (males)

and 8-15 July (females). Thus, emergence of adults is quite synchronous. A total of 8.3 Pedicia

hannai emerged/m^ on the control plots. The male:female ratio (22:41) significantly favored fe-

nales. This was in contradiction to the community gradient site, where significantly more males than

females were captured in emergence traps. The distribution of the catch revealed a surprising de-

gree of within-plot, as well as between-plot, heterogeneity. The two traps on control plot 208

captured 21 and 1 Pedicia hannai, respectively, and the total catch per plot ranged from 3 to 25

individuals. The heterogeneity in adult emergence may be greater than the heterogeneity in larval

numbers and bioraass if there is a negative association between larvae of different age (year) class-

es. This could produce dominant age class phenomena that are out of phase on different areas.

This possibility was suggested by the data on size distribution of larvae, but has not yet been sub-

jected to statistical tesit.

The emergence of 8.3 Pedicia hannai/m^ removed 0.013 g (dry weight) of biomass from the soil.

This is, of course, only a small part of the annual production of Pedicia hannai. Fourth instar

larvae, prior to pupation, weigh three to four times as much as adults; the difference is biomass

metabolized in pupation or cast as the final exuvium. In addition, the majority of larvae do not

complete pupation to emerge as adults. The biomass produced by these larvae must be considered

as weU. A more accurate estimate of production based on changes in numbers and size distribu-

tion of larvae throughout the season will be made. This will be compared with estimates based

on metabolic rates measured at various temperatures in the laboratory. These data have yet to be

analyzed; however, it can be said that significant respiration occurred even at +0.5°C, and

respiration rate increased sharply with increase in temperature.

Sticky-board trapping was also used at study site 6 at which adult arthropod abundance has been

followed since 1967. This enables us to compare 1970 with preceding seasons. July of 1969 was

quite cold, and emergence of both Pedicia hannai and Tipula carinitrons was less than that recorded

in 1967 and 1968. In 1970 the emergence of Tipula carinifrons increased somewhat over that of 1969,

but was still below the values of 1967 and 1968. Emergence of Pedicia hannai was below even the

1969 value, and was the lowest recorded in the four years of observation. Thus, the estimate of

8.3 adults/m^ may represent a minimum figure for this species. The timing and synchrony of

emergence did not differ from those of previous seasons.

Soil arthropods were sampled on the community gradient site 4 at 10-day intervals, beginning

on 22 June. Surface active arthropods were censused at 3-day intervals. The emergence of adult

Tipulidae was recorded daily throughout the period of emergence. Because of the wide range of

habitat conditions at this site, the sampling effort was more dispersed, and the results more subject

to chance variation, than on the intensive site. Still, basic patterns of distribution and abundance

emerged.

Larvae of Pedicia hannai were most abundant on the wet and mesic plots, and were never found

on either of the two polygon top plots (5 and 6). The wettest plot (plot 1) was also the most pro-

ductive for this species; more than 500 larvae/m^ occurred there on 22 June. On the community

gradient site, as on the intensive site, the density of Pedicia hannai showed a net decline over the

season. Apparently, 1970 was not a favorable year for reproduction and/ or survival of first instar

larvae.

Larvae of Tipula carinifrons were found on all six of the study plots, although they were un-

common on the two wet tundra plots. The maximum density recorded was 180/m'; this was recorded

on one of the mesic plots on 22 June.

Mites were more abundant on the two mesic plots, which resemble the plots on the intensive

site 2, than on the wetter or drier plots. Collembola were most numerous on the wet plots and least

numerous on the dry plots. In this, they resembled Pedicia hannai larvae, which prey upon Collembola.

However, when the numbers of Pedicia hannai and CoUembola from individual samples were analyzed
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negative correlations were found throughout the season. Thus, abundance of Pedicia hannai is not

directly associated with abundance of its principal prey. It is possible, though, that the negative

correlations result from increased predation on Collembola where Pedicia hanni are abundant.

Nematocera larvae occurred in greatest numbers on the dry polygon top plots, and showed a

strong negative correlation with Pedicia hannai larvae, which may prey upon them. This agrees with

results obtained from the artificial manipulation site, which differed from the intensive site 2 in

having fewer Pedicia hannai but more Nematocera larvae. On the community gradient site Nematocera

larvae resembled Pedicia hannai larvae in showing a,net decline over the season. A similar decline,

although of less magnitude, was also seen on the intensive site.

Oound beetles (Carabidae) occurred with equal frequency on the mesic and dry plots, but quite

rarely on the wet plots. Abundance of larvae varied from 18/m^ on 2 and 12 July to 60/m^ on 11

August. Adults were found in all three summer months; however, they were never common. The

overall ratio of larvae to adults (108:8) could be interpreted as indicating life cycles of several years,

short adult life spans, or high mortality of larvae and pupae. All of these factors may be involved.

Rove beetles (Staphylinidae) were found most frequently on the polygon plots and least frequently

on the wetter plots. Their density was about one-third that of the Carabidae. Larvae of leaf beetles

(Chrysomelidae) were found infrequently in all habitats.

The emergence of adult crane flies was followed using two emergence traps, each covering 1 m\
on each of the six study plots. Tipula cadnifrons was captured in 10 of the 12 traps; the empty

traps for this species were on a polygon top and in the polygon trough. The greatest number of

captures in one trap was 11; the other traps captured 1 (4 traps), 2 (4 traps), or 3 (1 trap) individuals.

Thus, Tipula cadnifrons is able to complete its life cycle in a wide range of habitats but is not

exceedingly abundant in any of these. With the wide range of habitats involved, the emergence was

not highly synchronous. For instance, 17 males emerged between 3 and 27 July, with the median

emergence on 18 July and the central 75% of the emergence falling in a 13-day period between 12 and

25 July. Sticky-board traps on the same plots gave somewhat different results. The median capture

of 125 male Tipula cadnitrons occurred cm 11 July, with the central 75% captured between 7 and 17

July. The difference is probably due to the small number of captures in the emergence sample.

Pedicia hannai emerged into 7 of the twelve traps. None emerged into the polygon top traps,

and no larvae were encountered in these habitats. The other traps captured from 1 (3 traps) to

33 individuals. The two traps in the wet meadow produced a mean of 26 adult Pedicia hannai/m^.

In both crane fly species the emergence of adults was not sufficient to account for the large decline

in larval populations which occurred from early to mid- season.

The emergence of Pedicia hannai was more synchronous than that of Tipula cadnifrons. The

median emergence of 56 males occurred on 13 July, and the median of 31 females on 14 July. In

both sexes 75% of the adults emerged in a 4-day period between 12 and 16 July. Similar results

were obtained by sticky-board trapping.

The median dates of emergence on the community gradient site 4 were several days later than

the medians for site 2. This correlates with a later snowmelt on the community gradient site,

and supports the hypothesis that timing and synchrony of emergence are controlled by a system of

time or temperature summation rather than by some seasonally varying environmental stimulus.

Avian populations and production

Dave Norton* University of Alaska

Steve MacDonald University of Alaska

George West University of Alaska

Populations of breeding birds and the production of these populations were estimated by

sampling within a 700 x 500-m rectangular plot encompassing sites 1 and 2 at Barrow, Alaska. In

* Principal author.
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Table XIX. Incidence and actual or potential breeding status of

adult birds on study plot at Barrow, Alaska, 1970.

Species

18 June 29 June

M F U

9 July 19 July

F M F U Attempts Success

Snow bunting

Plectropbenax nivalis

Lapland longspur

Calcarius lapponicus

Red phalarope

PAaiaropus (ulicarius

Pectoral sandpiper

Calidris melanotos

Semipalmated sandpiper

Calidris puslilla

Baird's sandpiper

Calidris bairdii

Dunlin

Calidris alpina

Golden plover

Pluvialis dominica

Long-billed dowitcher

Limnodromus scolopaceus

2 2

16 11 9 6

(10) 2 2

6 6 4

2 2 2

2 2

7 7

2 2

1 1

-2211
12 6 5 2

110
3 1

110
2 2 11

2 2 11

8* 4*

Totals: 31 20

^Estimates; not all nests found.

M - Male

F - Female

the absence of brown lemmings there was no attempted breeding by predatory birds in the Barrow

area in 1970. Snowy owls were rarely seen, and jaegers occurred only as wandering individuals or

small groups. Breeding activities of nesting birds were followed by a single observer at 2-day

intervals, between 10 June and 28 July 1970, supplemented by synchronized intensive censusing

by three observers on 18 and 29 June and 9 and 19 July. Nine species of birds made 35 nesting

attempts, of which 20 were successful, at least to the point of one or more chicks being reared to a

stage of independence from the nest and from resources within the study area. These data are

summarized in Table XIX. These figures can be used to make at least a crude estimate of energetic

significance of the bird species. Estimates indicate that the Lapland longspur was the single most

important avian consumer on the study area, although the shorebirds as a group consumed more

energy (sum = 1736 kcal/Ha) than the two passerine species (sum = 883 kcal/Ha).

Observations suggest that the proximity of a heavily traveled gravel road, an artificial impound-

ment of snowmelt water, and an unusually large snowdrift, all served to diversify the habitat over

its natural state, making it attractive to more species and to greater numbers of birds, especially

during the peak of snowmelt in mid-June.
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Decomposers - Microbiology and Nutrient Cycling

Soil microbiology
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The quantity of the microbial biomass of the Barrow site is an order of magnitude less than,

or under some conditions may approach, the microbial biomass of wet organic soils in the lower

latitudes. However, the quality of the biomass and the quality of the microbial activities differ

as a result of the factors of low maximum temperature, freeze-thaw cycles, acid pH, and long dor-

mant periods when the organisms must utilize ceU reserves to survive. At the end of winter (16

June was the first sample date), the bulk of the soil biomass consisted of bacteria which were

largely gram negative short rods which were identified as members of Pseudomonas, Cytophaga,

Flavobacterium, and Vibrio spp. A variety of green algae, yeasts, and molds were isolated but

each group was present in quantities less than lOVg dry wt soils. The moss-litter layer contained

the greatest quantity of microorganisms and the quantity decreased with soil depth.

The bacterial biomass reached a maximum in early July and declined in quantity in late August.

At peak season an average of 1.3 x 10* fungal propagules were observed on the site 2 controls.

Eighty-one species of micro-fungi were isolated from Barrow soils, while only 51 were recovered

from Prudhoe Bay soils. The extremely high concentration of yeasts in Barrow soil (1.5 x lOVg

soil) at peak season is one oi the most unique aspects of the Barrow site. Most of microorganisms

studied in pure culture were capable of growth at mesophilic (20°C) and psychrophilic (0°C) temp-

eratures. Some thermophilic bacteria were isolated but they comprised a small part of the micro-

bial biomass. Table XX contains average seasonal microbial counts for site 2.

Soil respiration was measured during July and Ai^ust as an indication of in situ microbial

activity. Respiration gradually decreased during this time period; this trend may be similar to the

burst of activity observed in sprii^ in temperate zone soils followed by a decline as substrate,

nutrients, or moisture becomes limiting. The data obtained from soil on the site 3 control plot

during four sample periods are shown in Table XXI. This technique was very useful in demonstra-

ting how perturbations ctften increase the rate of organic matter oxidation. This will be discussed

in another section of this report. A respiration rate of 10 /zliter (/J) O/lir g dry soil was typical

in the litter layer in early July. Substrate chambers which contained a known cellulose protein-

soU. mixture were inserted into different depths of the soil. The chambers were removed at the end

of the season and caloric determinations are being conducted.

Gas exchange chambers were constructed and inserted into the soil at site 2. Time and equip-

ment did not permit an extensive examination of this aspect during the field season but these
chambers are now in place and can be used in the next field season. Preliminary evidence indi-

cates that the levels of carbon dioxide, oxygen and methane vary considerably in the tundra profile,

A portable polarograph and a specially designed miniature 0^ electrode were used to measure
in situ Oj concentration at the intensive site. The saturation of oxygen in the litter layer of the
drier plots (at 5 cm) varied between 30 and 60%. The concentration decreased sharply below 10 cm
(saturation was 10-15% at 15 cm) and it was zero below 20 cm in the soil profile. The 0^ concen-
tration in soil over ice wedges and in low polygon centers was frequently anaerobic at the 10-cm
soil depth. These data appear to correlate with plant root biomass. This electrode will be very
useful in future investigations where it is important to know what oxygen is available for microbial
and plant processes in soil. The electrode is inexpensive; therefore, it will be possible to place
a number of units in soil and follow oxygen levels in soils with different moisture levels throughout
the season.

Principal aAithor
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Table XX. Average seasonal microbial plate counts of Barrow site 2, 1970=*=.

Bactenat Fungal** propagules Algae/g

Date Soil depth (cm) colonies/g dry wt soil /g dry wt soil dry wt soil

16 June



No attempt was made during 1970 to isolate and identify anaerobic microaganisms ; however,

in the buried organic layers of site 2 the anaerobic organisms appear to play a significant role in

the cycling of nutrients and the formation of organic matter. This observation was based upon

direct microscopic counts using aeridine orange. High numbers of viable bacteria were observed

but we were unable to culture them under aerobic conditions. Significant quantities of methane

may be produced by anaerobic bacteria which are decomposing organic matter at the bottom of the

thawed portion of the soil profile.

Subsamples of soil were collected for caloric examination of the soil from many of the samples

which were used for microbial examination and respiration determinations. These values will be

useful in determining the total potential energy available to soil organisms. In the litter layer of

the intensive site 4015 cal/g dry wt soil were observed.

Special emphasis was placed on that portion of the decomposer microflora which is capable

of decomposing cellulose, lignin, and water-soluble polyphenols. A large portion of the organic

matter consists of cellulose; therefore, many bacteria and fungi which are capable of decomposing

cellulose were isolated from site 2. The size of this population varied from 10^ to 10* organisms/

g dry wt of soil. Other selective media were used to isolate microorganisms which degrade lignin

or tannin; a variety of fungi were isolated which have that potential. The quantity and activities

of these organisms at the Barrow site are not known.

One hundred selected bacterial cultures are being examined using a factor analytical approach.

These cultures will be compared at Uppsala with cultures gathered from the various IBP sites.

Soil nutrients

Paul Gersper*

Rod Arkley*

Hans Jenny

Arnold Schultzt

Fred Bunnel

University of California

University of California

University of California

University of California

University of California

Josephine Challinor

Alex Simmon

Karen Fuller

R.E. Hughes, Sr and Jr

University of California

University of California

University of California

Nature Conservancy,

Bangor, U.K.

Little is known of the dynamics of soils in tundra ecosystems. Considerable changes un-

doubtedly occur in the concentration of available nutrients in the soil solution as a result of

fluctuations in soil temperature, moisture, and biological activity which occur during the active

season in arctic soils. The importance of soil dynamics in the tundra ecosystem, particularly

fluctuations of nutrient concentrations in the soil solution, is germain to our understandii^ of the

total ecosystem. The soil solution is the intermediary between the decomposers and the primary

producers and functions as an important, but complex, link between these two ecosystem components.

Activities of decomposers and primary producers have direct, dynamic effects on the properties

of the son solution while fluctuations in properties of the soil solution have direct effects on the

decomposers and producers.

The primary purpose of the soil nutrient studies was to determine the magnitudes and directions

of nutrient concentration changes in the soil solution and to determine quantitatively the relation-

ship between the soil solution and soil, decomposers, primary producers, and below-ground and

above-ground microenvironments.

Studies of soil dynamics and nutrient cycling consisted of several coordinated parts: 1) chem-
ical, physical, and morphological measurements of soil cores (15-cm diameter by 5-cm depth inter-

vals); 2) chemical measurements of soil solution extracted from each soil core segment; 3) moni-

toring of soil moisture and temperature fluctuations from buried sensors; 4) chemical, physical,

and morphological measurements of 7.5-cm and 15-cm diam soil-vegetal ion tesseras, by 5-cm depth
intervals; and 5) chemical analysis of soil core (15-cra diameter by 2.5-cm depth intervals) samples
from Schultz's gasline plots.

* Principal authors

t Not at Barrow during 1970
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Part 1) measurements consisted of redox potentials, pH (1:1 paste), temperatures, moisture

contents, bulk densities, depth to free water, and estimations of root and coarse skeleton

contents, texture, and color on each 15-cm by 5-cm core segment collected.

Part 2) measurements consisted of electrical conductivities, pH,and concentrations of Al,

total Fe, ferrous Fe. Mn, NH^-N. NOj-N, NO^-N, P0„ Si, SO,. Ca Mg, Na, and K in the soil solu-

tion extracted fromeach core segment. Measurements of electrical conduct ivity.pH, and concen-

trations of Ca, Mg, Na and K in soil solution are completed.

The tesseras will provide base-line soil data to be used for coordination of all project studies

and for evaluation of soil variability at the study site. Measurements conducted on these samples

were total C, total N, extractable P, pH, exchangeable acidity, exchangeable bases (Ca, Mg, Na,

K), bulk density, particle-size distribution, texture and colors. At this time, total C and N deter-

minations have been completed on all 249 samples collected.

Part 5) of the studies consisted of collectii^ soil core samples from Schultz's gasline plots

for chemical analyses (Fig. 2 location 12). The main purpose of this part of the study was to

provide comparability between previous years' studies and the present studies with regard to nutrient

cycling. Sampling procedures there were similar to those of the IBP intensively studied sites to

insure maximum comparability between all sites. Samples were collected in late June, early August,

and late August.

Much remains to be done on laboratory analyses, data reduction, and processing. A compre-

hensive prc^ram of factor analysis has been initiated on the data. In the meantime, some results

of the studies can be discussed, although precautions must be taken to ensure that initial inter-

pretations are not construed to be final or, for that matter, even necessarily correct.

No Mn. HjS, or NOj-N was detected in any of the soil solution extracts. Only in an occasional

extract was any NO3-N or SO4 detected; and at this time the significance, if any, of these findings

is not apparent. The absence of Mn, HjS, and NOj-N and the' occasional occurrence of NO3-N and

SO4 in the soil solution, if true, pose some interesting questions that will hopefully be answered in

the near future. It is a certainty that microbiological populations and activities, as well as reduc-

tion potentials of the soil solution, will have important bearings on answers to these questions.

Concentrations of Al, Fe+^ Fe+^ NH5-N. P0„ Ca, Mg, K, Na and Si inthe soil solution

generally increased with depth (Table XXII). This was also true of soil pH. The pH of the soil

solution, on the other hand, decreased with depth; this was also the case for moisture percentage,

redox potential, and temperature. Differences between these two parameters was 0.8 pH units in

the 0-5 cm interval, 0.5 units in the 5-10 cm interval, and only 0.3 units in the 10-15 cm interval.

The reasons for these differences are not apparent at the present time.

The relative concentrations of elements and ions detected in the soil solution were, on the

average, Na>Ca = Si>Fe+^ = NH3-N>Mg>Al>K>Fe+^>P04. As a first approximation, it does not

appear that any of these elements or ions are at levels low enough to cause deficiencies in the

primary producers, although P concentrations are probably marginal.

There were very definite seasonal fluctuations in concentrations of elements and ions in the

soil solution. For some, such as Al, Fe+% Fe+\ NH3-N. and Si. the fluctuations were comparatively

large whereas for PO4, Na, K, Ca, and Mg the fluctuations were smaller in amplitude. Fluctuations

were not parallel although data analysis will be required before details of this can be discussed.

Between 26 July and 6 August the concentrations of most of the elements and ions in solutions in

the upper 10 cm of soil decreased to a low and then increased between 6 August and 15 August.

This may be related to the transition through the growth peak of the vegetation which was consid-

ered to be sometime in early August. Fluctuations in concentration were not parallel between

depth intervals. For example, between 26 July and 6 August, when the concentrations of many of

the elements and ions in solution were decreasing in the upper 10 cm of soil, they were increasing

in solution at the 10-15 cm depth.
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Table XXII. Average values of parameters from five site 2 control plots

by sampling dates (PPM in soil solution).

DtPTH
PARAMETER (CM) 6/18 6/26 7/6 7/16 7/26 8/6 8/15 8/25

SOIL PH

SOIL SOLUTION PH
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PU'^
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(G H2C/100 G SOIL

)

REDOX (MV)

TEMPERATURE
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There were definite differences between the five control plots at site 2. Plot 207 consistently

had lower concentrations of Al, Fe+^ Fe+\ NH3-N, and Si in the soil solution than the other plots,

particularly in the upper 10 cm. It also had the highest soil moisture percentages. Further, plot

210 appeared to be more similar to plot 207 than to the other three plots with respect to most para-

meters. These differences will have to be considered, in the final analysis, when attempting to

measure responses to the various natural perturbations at this site.

Analysis of the tessera samples to provide base-line soil data is stOl in progress. The only

data available at this time are percentages of C and N (Table XXIII). At this time, values are based

on a 30°C dry soil weight instead of the conventional 70°C or 105°C weight. Percentages (rf C
and N are very high at both site 1 and 2 but they are both very definitely higher at site 2. This is

a reflection of more mesic conditions at the latter site. At both sites the C and N values were

high throughout the profiles and there was a tendency toward a decrease and then an increase with

depth. This is mainly a reflection of buried organic matter at both sites. The C/N ratios are the

most revealing part of the data at this time. Even thoi^h there were rather large differences be-

tween the two sites in percentages of C and N, the C/N ratios in comparable depth intervals were

amazingly similar. This seems to indicate that state factors and processes, although differing in

magnitude,are very similar at both sites. If this is true the C/N ratio may weU prove to be one
of the more important measures of the ecosystem.

Table XXin. Average carbon, nitrogen, and C/N ratios

in tesseras, sites 1 and 2*.
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Nitrogen fixation - Arctic tundra

Vera Alexander* University of Alaska

Don Schell University of Alaska

Maggie Billington University of Alaska

Linda Peyton University of Alaska

G.B. Threlkeld University of Alaska

The purpose of this study was to determine the significance of nitrc^en fixation as a nitrc^en

input into the tundra ecosystem. Since the rate of decomposition of organic material is believed

slow, nitrogen limitation can reasonably be expected. If this is the case, a large proportion of nit-

rogen fixers should occur. Many tundra plants belong to groups known to fix nitrogen, including

those lichens having blue-green algae as the algal component, the blue-green algae that occur in

moist areas on the tundra surface, the legumes, and nonlegume nodulated plants such as Do'as.

The actual contribution of these to the tundra nitrogen budget is not known.

This study was divided into two main phases. First, a survey of plants in the arctic tundra

IBP site area and in an alpine tundra site was made, testir^ as many species as possible for

nitrogen fixation. Second, nitrogen input through fixation was estimated on a surface area basis for

some of the plots at the Barrow site.

Nitrogen fixation measurements were carried out using the acetylene-reduction method, with

confirmation of positive results using '^N. Details of the methodologies will be presented in sub-

sequent reports.

Two distinct types of experiments were carried out in Barrow. Selected plants were tested for

nitrogen fixation and segments of soil with associated vegetation from the plots used for the other

terrestrial work in this area were measured. In addition, numerous nitrogen fixation determinations

were made on the ponds used for the aquatic Barrow wak, including water samples, concentrated

organisms from the water, and pond sediments.

Cores, 0.01 m^ were removed from a small number of control and manipulated plots to test for

nitrogen fixation. From each cae, squares were cut with 3-cm-long sides; these were subjected

to testing using acetylene-reduction and nitrogen-15, with duplicate acetylene reduction experiments

for some cores. Blanks were also run; in these no acetylene was added, so that any ethylene pro-

duction by the tundra vegetation or soils could be detected and subtracted from the nitrogen fixa-

tion values.

For the site 2 plots, all the control plots showed nitrogen fixing activity, with rates of about

0.2 X 10-' /ig-at/cm^ hr. This is equivalent to 2fig-at/m^ hr, which would account for a major nitro-

gen input into this system. The conversion of ethylene production rates to equivalent nitrogen

fixation was done according to established procedures, but the value obtained should be considered

an approximate value only. No ethylene production in the absence of acetylene was detected at

any time. The manipulated plots showed a reduction of nitrc^en fixation rate in the case of the

clip and clear plot, and a complete absence of fixation in the two fertilized plots tested (Table

XXIV).

Plants present at site 2 and vicinity were collected and subjected to acetylene reduction, and

in some cases nitrogen-15, tests for nitrogen fixir^ activity. The plants and lichens which yielded

negative results are listed below:

Salix pulchra Astralagus alpinus L.

Petasi'tes frigidus Dryas integrifolia

Saxifraga llagellaris Alectoria bicolor (Eliih.) Nyl.

Saxifraga cernua Dactylina arctica (Hook.) Nyl.

Principal author
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Saxifraga caespitosa Cochlearia odicionaUs arctica

Saxifraga punctata Cetraria nivalis

Ranunculus nivalis Cetraria simmonsii Krog.

Salix sp. Cetraria richardsonii (Hook.)

Ranunculus pygaeus Polygonum acutiflora

Saxifraga hieracifolia Moss from Nuwuk Pond

Table XXIV. The results of acetylene reduction nitrogen fixation

measurements for the terrestrial Barrow tundra.

Ethylene produced/hr Equivalent N fixed/bi

(fi mole X 10-^) (iJLg-at x 10-^)

Site 2

Control plots and quadrats 24 July

20857



Table XXV. Results of nitrogen fixation determinations on plants

at site 2, 22 July - 3 Aug, 1970.



STRESSED ECOSYSTEM RESEARCH

Barrow Terrestrial Manipulations'*^

Larry Tieszent

Paul Gerspert

Rod Arkley

Steve MacLeant
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Augustana College

University of California

University of California

University of Illinois

Virginia Polytechnic Institute

Gunter Weller

Jerry Brown t

Dave Schaefer

Bill Powell

University of Alaska

USA CRREL
University of Alaska

University of Alaska

The objective of the manipulation experiments and the description of the treatments at sites 1

and 2 are presented in the section on research design. Some of the effects of the manipulations

can be observed in the data presented in Table XXVI. The results of the oil treatments are dis-

cussed in a later section. Figure 20 shows one of the plots (clip and clear) with the insect

emergence traps on opposite corners of the plot.

Abiotic

Depths of thaw measurements in late summer reflect cumulative seasonal influences of the sur-

face manipulations. At site 2, the five control plots all produced similar average thaw depths,

indicating satisfactory replication for at least the physical soil properties among the control plots.

The most apparent effect of the natural manipulations was the reduction in thaw by varying amounts

of mulch, and the increased thaw on the clip and cleared plots. A trend towards increased thaw is

suggested on the clip and uncleared plots. For the artificial manipulations, the intensive physical

disturbance produced a substantial increase in thaw; however, the light intensity treatment had

minimal effect. The heated air of the greenhouse produced an increase in thaw of 6 cm over the

adjacent control by early August. Figures 10 and 11 show the seasonal progression of thaw for

different manipulations on the two sites. The July mean air temperatures for the greenhouse and

control were:

Surface 15-cm height

Control

Warm air

6.2°C

9.6°C

6.1°C

7.4°C

Figure 21 is a view into the partly opened greenhouse.

The heated soil experiment was initiated in early summer at site 1 to provide an in situ year-

round facility to test the effects of warm soil on the biological and thermal regimes of the tundra.

The experiment was designed and installed as a cooperative effort between USA CRREL and the

Institute of Arctic Environmental Engineering, University of Alaska, '.t was originally designed to

simulate the heat flow at the ground/air interface from a buried, hot oil pipeline under arctic coastal

conditions. The immediate objectives were 1) to determine the physical and thermal response of the

wet tundra soils and ice-rich permafrost to a continuous above-freezing heat input and 2) to evaluate

seasonal biological responses under the imposed vertical and horizontal thermal gradients. Figure

22 is a photograph of the experimental setup. The strings indicate the location of the buried 1.25-

cm-diam copper tubing.

Essentially all project participants named in preceding sections of the report were involved in this inte-

grated program. Only the project leaders or new personnel are listed.

tPrincipal authors.
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Figure 20. View o( a site 2 clip and clear plot with emergence traps in

opposite corners.
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Figure 21. View into partly opened greenhouse on

site 1.
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The gradual heating of the soil began in mid-July Within several weeks, a clearly defined

zone of warmer soils appeared at 10-cm depth and thickened downward as heating continued. Input

temperatures into the 200-m loop were generally about 10 to 12°C, Temperatures in the alcohol-

water mixture at the outlet were in the 8 to 9°C range. Increased soil thaw became evident in

August as ice-rich permafrost began to melt and differential subsidence began. By the end of the

summer, average thaw due to artificial heating was 15-20 cm greater than on adjacent control plots.

A distinct thaw bulb had developed beneath the center of the plot where input pipe temperatures

are greatest (Fig. 23b). At this time, one-half of the pipe was shut off and the soil in it permitted

to refreeze. Figures 23c and 23d show the temperature conditions in the plot for early September

Figure 22. Close up of heated soil experiment. Pipes

are buried beneath strings.

a. Plot 112

Figure 23. Idealized section of heated soil experiment and plot of

temperature fields at selected sample periods. Diagrams c and d

illustrate the freezing of half the section after heating was termi-

nated in it.
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observed on these plots; however, both within-plot and between-plot heterogeneity on the control

plots was very high, and obscured any possible treatment effect.

The three manipulated plots, when they were first sampled, had fewer mites and Collembola

than the control plots. This is attributed to chance variation in the plots selected (randomly) for

manipulation. This difference was maintained in the plot (clip and clear) from which organic

matter was removed. However, in the two plots in which organic matter was made available to

soil-dwelling animals this difference disappeared and by August the density of CoUembola was

greater than or equal to the density in the control plots. This finding should be confirmed by the

use of replicated manipulation plots. If this is really a phenomenon, it could be due to the

nutritive value of the litter added or to extension of the physical habitat, providing more living

space. The physical and nutritive effects could be separated by the addition of non-nutritive

litter to tundra plots. This possible increase in the number of Collembola was the only effect of

natural manipulations on arthropod populations detected in the first season following manipulation.

Additional effects might be expected in subsequent seasons, as saprovores and decomposers utilize

the added litter, and are then fed on by carnivores.

Decomposers - microbiology and soil nutrient

The effect of manipulation on decomposer populations was examined for the fertilized (20-10-10),

oil-treated, and track plots only. In the oil-treated plots at sites 1 and 3 there was a 10-fold

increase in the bacterial plate count, and on the fertilized plot there was a twofold increase of the

bacterial flora. However, at the site 3 track site there was a 15-fold decrease in the bacterial plate

count as the result of compaction. It may be concluded that some of the manipulations used in this

study altered the microbial biomass and may have had a greater effect on the activity of organisms

in the soil at the start of the manipulation. No activity measurements were made of any plot at

site 2, but the activity measurements at sites 1 and 3 are in agreement with this idea.

Complete soil nutrient analyses were performed on the manipulated plots at several sample

intervals. The most conspicuous results were seen on the two fertilizer plots. The added nutrients

were detectable in soil solution soon after fertilizer application. The added nitrogen (NH3) was no

longer evident at peak season, although the PO4 level remained high. Other soil nutrients, however,

were less concentrated in the soil solution of the fertilized plots than in the control plots. Thus,

it appeared that fertilization stimulated biological activity to the point that nutrients (other than

those added) in the soil solution were depleted relative to those in the control plots. Since fertili-

zation did not lead to a demonstrable increase in above-ground production, the difference is

attributed to nutrient content of the vegetation, storage by root systems, or nutrients bound by some

groups other than primary producers. Samples for plant nutrient have been analyzed but data are not

completely available at this writing.

In general, high soil moisture is related to the predominance of a moss layer. The difference

between sites 1 and 2 is evident in the soil moisture values. AU of the site 1 plots had lower soil

moisture than the site 2 plots. The effects of treatment on soil moisture were not obvious at either

site 1 or site 2.

The heated air manipulation appeared to have considerable effect on the soil and soil solution.

Soil moisture was similar to that in the control plot; however, redox potential was lower, and soil

temperature and pH were higher in the treated plot than in the control plot. Concentrations of Fe^,
NH3, Si, Ca and Mg in the soil solutions were lower in the heated plot than in the control plot, and
PO4 concentration was much greater in the heated plot. The effects of physical disturbance were
similar to those seen on the heated air plot. In all cases, the mechanisms relating the manipulation
to observed effects on soil properties are not clear; and at this time in the analyses it is difficult

to separate the treatment effects from the heterogeneity in soil properties encountered at both sites.
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The effects of the various manipulations can be broadly categorized into those involving

physical properties (temperature, structure of the vegetative canopy, etc.) and those involving

nutrient availability. Effects in the first category should be evident soon after the manipulation

is applied; however, effects related to nutrient availability may become evident only after several

seasons. This is particularly true for bound nutrients in the form of litter or mulch. Thus, the

lack of noticeable effect in the parameters measured should not be interpreted as proof that the

manipulation did not influence the functioning of the system. For this reason, duplicate plots of

several of the manipulations were reserved for sampling in future seasons. In addition, the high

degree of variability encountered makes it difficult to draw conclusions from a single, peak-of-sea-

son, sampling. In cases where data from a single interval will suffice sampling should be more

intensive than in this study.

Track Disturbance

Paul Gersper* University of California Bob Benoit* Virginia Polytechnic Institute

Josephine Challinor* Univeristy of CaUfomia Walt Campbell Virginia Polytechnic Institute

Rod Arkley University of California Bob Breedlove Yale University

Steve MacLean University of Illinois Larry Tieszen* Augustana College

Jim Bumbarger University of Montana Doug Johnson Augustana College

Don Smith University of Montana John Dennis University of Calgary

The sensitivity of the wet tundra to visible damage is seen most dramatically following a

disturbance caused by tracked or wheeled vehicles. The effects of these disturbances are apparent

throughout the North Slope not only from current activity but, to a large extent, from events dating

as far back as the 1940's. Thus, the consequences of the disturbance have short-term effects as

well as long-term effects in that they persist for many years, indicating the slowness at which the

tundra recovers from a given stress.

Increased human activity in recent years, and prospects of even more activity in the future,

emphasize the need to examine critically the effects of vehicular disturbance on the tundra

ecosystem. The objectives of this study were to measure and to evaluate the effects of past track

disturbance on the tundra ecosystem with respect to dynamic interactions among ecosystem compo-

nents.

Disturbances by surface vehicles are basically of two types. One type, less apparent than

the other, is the passage over the tundra which causes the compression of the standing vegetation

(live, and especially dead) to a layer a few centimeters thick directly above the wet moss and

organic interface. Such areas are seen in subsequent years as "green belts" stretching over the

tundra. They appear to be increased plant growth but this may be an illusion caused by the re-

moval of contrasting brown and tan standing dead material due to increased rate of decomposition.

The effects of these disturbances are certainly evident in the plant canopy where air, temperatures,

wind, and light penetration are altered. This type of disturbance comnwnly results from traffic

over a tundra with shallow snow cover. Even snowmobiles may produce this effect. As the number

of passes increases over the snow-covered trail the effects can grade into those of the second type

of track disturbance.

The second and more destructive type of disturbance results from physical disruption of the

vegetative and soil organic layer. This drastically changes the thermal balance with the vegeta-

tion and soil, and increased soil thaw occurs. These tracks typically result in depressions over

Principal authors.



melting ice wedges and soils and tundra which are more wet. The degree of thawing and consequent

subsidence depends upon the amount and type of ice contained in the permafrost beneath the track.

Melting of ice wedges results in small ponds. If the track is on a slope or intercepts a drainage

channel, it is susceptible to erosion, as is dramatically indicated by the effects seen on the re-

search sites at Barrow.

The study of an old track at site 3 was undertaken in an attempt to determine some rf the

dynamic interactions which persist some time after the original disturbance. The track was occa-

sionally used in summers during the mid 1960's. Its features varied depending upon the type of micro-

relief and substrate it crossed. Some places were completely barren of vegetation and others

supported some of the most dense vegetative growth seen at Barrow. Characteristic of most of the

track, however, was an absence of standing dead vegetation and litter. Thus, it appears that the

turnover of nutrient in this situation must be high and presumably is unassociated with higher

activities and/ or populations of decomposing microorganisms.

Three plots were established across the track, each showing different degrees of erosion and

wetness. Plot 306 was relatively dry and disturbance was least conspicuous. Plot 303 was

intermediate in wetness and slightly depressed. Plot 305 had considerable subsidence due to ground

ice melting and had surface water on it throughout the summer. Four points across the track were

sampled in each plot: in the track depression, on the mound between the two tracks, on the outer

edge of the track or bank, and at a control point several meters from the edge (Fig. 24, 25).

Microrelief, soil morphology, plant and soil nutrients, primary production, thaw, soil moisture,

redox potentials and insect and microbial activities were measured at these plot points periodically

throughout the summer. The following reports the differences encountered within and between each

transect on the track. •P

Over the entire summer season, soil temperatures along the cross-sectional transects were, in

decreasing order, mound > depression > bank > control. The depth of thaw was more than double that

of the control beneath the weasel tracks and the intervening mound where the track crossed a wet

area (plot 305). Thaw differences in the drier plot 306 were neglibible and were intermediate across

plot 303. On the average, thaw along cross-sectional transects was, in decreasing order,

mound > depression > bank > control (Table XXVIl).

The average pH of solution extracted from the upper 10 cm of soil on 2 July was 7.1 in the

depressions, 7.0 in the mounds, 6.9 in the banks, and 6.5 in the controls. In general, soil solution

pH of plot 305 control was about neutral (6.8 to 7.1) while those of plot 303 and 306 controls were

slightly acid (5.8 to 6.7). Soil solution pH of the depressions and mounds of plots 303 and 306

was slightly less acid than that of the controls, but that of plot 305 had higher pH values in the

depressions and mound (7.4 to 8.1). The reasons for the high pH values of the latter are not evident

at this time. It is possible that bases were added to wetter depressed areas of the track by surface

water moving in from the surrounding area.

Measurements of the redox potential corrected to pH 6.0 confirmed that plot 306 was the driest

plot and 305 the wettest plot. Redox values (Eh at pH 6.0) at plot 306 ranged from +82 to +132; at

plot 303. from -146 to +100; and at plot 305, from -181 to +89. Thus the soil of plot 305 had the

greatest reducing conditions while that of plot 306 had the least. On the average, the greatest re-

ducing conditions were in the track depressions with little difference between the other three

locations.

The respiration rate of soil taken from the center of the track was approximately twice the rate

of uncompacted soil on control areas at site 3. For example, the respiration rates of the to 2-cm

surface soil of the control and of the track were 10.5 and 23.8 ti liter 02/hr g dry soil wt, respectively,

on 3 July. There were fewer bacteria and fungi in the track soil than in the control. However, this

may simply reflect the fact that these microorganisms were more actively decomposing a smaller
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Figure 24. Cross sections and thaw profile under three sections

of the weasel tracks.

quantity of the previous season's litter in a more favorable environment including neutral pH,

higher temperature, more favorable moisture, maximum soil -substrate contact and/ or higher con-

centrations of inorganic nutrients. Under such conditions less litter would accumulate on the soil

surface at a slower rate. Oxygen saturation profiles of the track soil compared to those of the con-

trol plots indicate more anaerobic conditions in the track:
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Eriophorum angustifolium is most often found in abundance alongside the edge of the track,

Eriophorum angustifolium is especially noticeable in this zone near the end of the season when the

track is occasionally bordered by the white cotton-grass inflorescences. The frequent absence of

mosses is conspicuous. Typically, growth is initiated somewhat sooner in the track than on

adjacent tundra and occasionally a portion of the track is extremely lush as is indicated by the high

production values and, leaf area indices. Associated with these tall, lush areas, however, is the

conspicuous absence of standing dead and litter.

Additional observations on the revegetaticxi of tracks were made on two trails at site 8. One

weasel trail examined was used intensively during the summer of 1962 and then closed to further

traffic. On drier portions of this trail, which extends for 1.8 km, vegetation within the tracks had

a similar appearance to that of the adjacent undisturbed areas, Regrowth had apparently been by

vegetative means. The barer spots were revegetated only by cryptogams, mostly mosses less than

1 mm high. On the wetter portions of the trail, ponds had formed due to melting of the ground ice.

These ponds were V2 m deep and more than 1 m across. There was no invasion by vascular plants

along the edges or in the ponds but some mosses were present along the edges. On a second trail,

which had been heavily used for 3 summers and abandoned in fall 1965, considerable thermal

erosion had occurred. Again a thin moss-and-lichen cover had developed. Drier, bare spots were

being invaded by vascular plants, through vegetative means. This revegetation extended Vz m into

the track, an advance of 10 cm/yr. On other portions of the trail Dupontia (iscberi had invaded at

an estimated rate of between 14 and 20 cm/year average. One specimen, Senecio congestus, found

in the track, invaded by seed.

In conclusion, track disturbance resulted in very definite alterations of the vegetation, soil

and soil solution such that biological activity and primary production was stimulated. This does

not mean that the disturbance was good, however, for if much of a slope gradient existed there

likely would have been severe and detrimental soil erosion. The results do give an indication that

controlled physical disturbance of the surface vegetation and peat layer might be used to stimulate

more vigorous vegetative growth with beneficial results. However, these conclusions must be

tempered until complete analysis of samples and data have been accomplished.

Barrow Aqnatic Perturbations

Bob Barsdate* University of Alaska

Alex Fu University of Alaska

Richard Prentki University of Alaska

Bob Lewellen University of Denver

Don Vietor USA CRREL
Jerry Brown* USA CRREL

Two types of aquatic perturbations were sampled in order to obtain base-line data on these

man-induced features. The first was the diannel above and below the eroding headwall of Footprint

Creek. The second was a thermokarst pit formed as a result of sustained tracked vehicle activity.

Footprint Creek and its drainage offered an excellent opportunity to investigate a stream

gradient perturbation. The most prominent feature of this gradient is the nearly vertical headwall

that erodes actively upstrfiaea during periods of spring and summer runoff. Above the headwall the

creek occupies a shallow swale and runs through emergent vegetation and occasional small ponds.

A bulldozer trench intercepts the upper drainage area and introduces runoff from the artificially

drained Footprint Lake basin. Above the headwall, free of suspended particles, the water is clear

although noticeably colored by brown organic acids. Below the headwall, the stream bed is unstable

and nearly devoid of vegetation, as large amounts of fine-grained sedimentary material are trans-

ported downstream from the headwaU area. The water is highly turbid. The headwall with essen-

tially no flow over it is illustrated in Figure 26.

Principal authors. -71



Figure 26. Headwall erosion on Footprint Creek after summer had ceased.

Table XXIX.



The rate of erosion in this channel has been observed on the ground and photogrammetrically

since the late 1940's. At that time the stream's base level was lowered as a result of dredging the

lagoon into which the stream flows. This, plus several other man-made alterations in the drainage

basin, has resulted in accelerated erosion of the channel as the stream seeks a new base level.

Headward erosion of the headwall in the period 1964 to 1970 amounted to 125 m (Fig. 3).

As a result of practically no summer runoff, the rapid erosion of the Footprint Creek headwall

was restricted to the period of spring runoff. During 1970, erosion was approximately 10 m of head-

wall movement. Of this amount, 3 to 4 m occurred after spring runoff as slumping of the undercut

headwall. The entire period of spring breakup, runoff, and erosion at this headwall was obtained

on color, time-lapse movie and is available from USA CRREL. This movie shows interesting

seasonal and diurnal features of the early summer runoff and erosion.

On 12 July 1970, at the end of the spring runoff period six stations were sampled along Foot-

print Creek, three above and three below the headwall (Fig. 3). Particulate solids, turbidity (in

Jackson Turbidity Units), pH, alkalinity, other chemical data along with '*C primary productivity

and chlorophyll contents were determined and are presented in Table XXIX.

Substantial quantities of dissolved and particulate substances are introduced into the water at

the headwall. In large part, these substances leave the water a relatively short distance downstream

from the principal site of disturbance. Planktonic and benthic primary productivities are severely

depressed at the headwall but rise to unusually high values further downstream.

The thermokarst pond G lies in an area of upland tundra with well-developed high-center poly-

gonized ground lying about 500 m west of the IBP pond site 7. A tracked vehicle trail which was

used extensively in the early 1960's follows the troughs of the polygons up onto the higher ground.

At the transition from low to high ground, ice-wedge melting was induced by the track disturbance

and pond G was formed. The margins of this pond are unstable, and continuing erosion results in

a distinct turbidity in the water.

While it was not possible to initiate a comprehensive study of pond G, it was sampled twice

during the 1970 field season on 11 July and 28 August. On the first sampling date, the water was

thermally stratified, probably due to clear sky conditions and low wind velocity in combination with

high water color and turbidity, factors which tend to restrict heating to the uppermost layers. From

the available data, it appears that the phosphorus nutrients are quite abundant and that plankton

primary productivity is depressed in comparison with undisturbed tundra ponds.
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Oil Ecology

Barrow Spills

Terrestrial
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Simpson Seeps

Brent McCown*
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Richard McGaw
Pat Coyne
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Bob Benoit*
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Bob Barsdate*

Richard Prentki

Alex Fu

University of Alaska
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The influence of crude;oil on the arctic ecosystems was investigated both at Barrow in the

IBP study area and at Cape Simpson on the naturally occurring oil seeps. The Barrow studies

consisted of two experiments on terrestrial spills and one on aquatic spills. All spills utilized

Prudhoe Bay crude oil (Sag. River Well Number 1) wliich was flown in from Prudhoe Bay by ARCO
in early June in sealed 55-gallai drums. Both the terrestrial oil spill and seep investigations

were originally initiated by USA CRREL scientists. But it was obvious very early in the field

season that greater involvement by a variety of biological disciplines would be highly desirable.

The oil ecology investigations quickly became a foc^il point for alniosl all IBP subprojects. The

results presented in the following sections represent the collective efforts of a number of senior

investigators. It should be emphasized early in the report that the 1970 observations were at

pilot project or reconnaissance levels. Much more research of a sustained and comprehensive

nature is required before definitive recommendations or interpretations c;mbe offered.

Barrow oil spills

Terrestrial. A series of oil spills were created at Barrow, Alaska, to fuIfiU several

objectives:

1. To investigate the effects of oil spills on tundra plant 'soil systems, and to become familiar

with the quantitative aspects of oil pollution on tundra terrain.

2. To determine if fertilization of an oil spill on the tundra will increase the rate of recovery

of the plant/soil system.

Treatment sites were cliosen in two areas of different moisture levels. Site 1 was relatively

dry, having a sandy gravel subsoil and a shallow surface organic layer less than 4 cm thick. The

thaw at the time of treatment (22 June 1970) ranged between 3 and 6 cm. Site 3 had standing

water at the surface and was on a silty soil. The thaw at site 3 at the time of treatment was
12 cm and the organic layer was more than 4 cm thick. Similar plots in each site were selected

* Principal authors.
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and surrounded by 20-cm-liigh corrugated aluminum lawn edging which was sunk to the frost. The

joints were sealed with rubber cement to prevent oil penetration into the adjacent tundra.

Fresh crude oil contained in sealed 55-gallon drums was shaken before dispensing. The oil

was applied with a 10-liter, hand-pressurized garden sprayer with the nozzle removed. The tip of

the sprayer was placed below the foliage and directed at about a 45° angle to the soil surface

with applications being made on an approximately 5 x 5 cm grid throughout the plot. Very little

oil was spilled on the foliage, thus simulating an oil spill flowing along the soil surface. This

application technique seemed to give good distribution of oil throughout the plot.

The following amounts of oil were applied to each site:

Site 1

Site 3
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Figure 27. Close-up of one of the site 3 oil plots.

microliters of oxygen absorbed were taken for a period of 3 hours. The values were corrected for

standard conditions and expressed on a per gram dry soil per hour basis.

By the end of the growing season, after the oil had been on the plot for 60 days, several

areas of damage could be discerned. Plants or leaves that had been physically covered by the

oil were dead. This was especially noticeable with the low-growing mosses and liverworts in the

5 liter/m^ and greater applications. In addition, the plants in the most heavily treated plot, 12 liters/m^

showed more yellowing than adjacent plots, although the intensive sampling in this plot made
comparisons difficult.

Plant production data are available from the most intensive rate of oil application. Samples

were taken on 9 Aug 1970:

Treatment Dry wt Chlorophyll Chlorophyll

(12 liters/m') (g/m') (mg/m') (mg/g dry wt)

Plot 211

Control

100, 97.9

112, 129

353, 323

409, 494

353, 329

366, 383

These data indicate that the presence of crude oil produced a reduction in biomass and chlorophyll

production. However, much more sampling wiU be required before these observations are

finalized.
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The soil temperatures from plot 113 and the adjacent untreated area were measured but not

reported here. No appreciable differences were observed between treated and non-treated. The

method of application of the crude oil achieved one of its objectives - enough of the oil was kept

off the vegetation and the soil surfaces so that no increase in temperature was recorded because

of greater absorption of solar energy. Therefore, any damage observed should be caused by the

oil itself and not as the indirect result of increased temperatures.

In order to determine the depth of penetration of the oil, soil cores were taken, sampled, and

analyzed for the presence of hydrocarbons. Several conclusions can be drawn from these pre-

liminary data:

1. The oil penetrated in some cases to the permafrost on the drier soils of site 1, but did not

penetrate much below the organic layer on the wetter site 3, even with the heavy application.

Possibly the standing water at the time of application prevented the downward movement of the

oil. Even though the surface water had drained by July, the oil no longer penetrated the soiL

2. The oi^anic matter, although quite wet at the time of application, was capable of absorbing

large quantities of oil. This was particularly noticeable on the wet site with its thicker organic

layer. When a buried soil organic layer was encountered, it absorbed much more oil than the ad-

jacent soil.

3. There appear to be no natural constituents of the soil or of the living or dead biota that

interfere with the soil-hydrocarbon test. This makes the extremely simple test widely applicable.

The failure to detect downward movement of the oil in the wet site after the standing water

had drained indicates that most of the volatile fraction of the oil had evaporated before recession

of the water, thus increasing the viscosity of the oil and making it relatively immobile in the sur-

face organic matter at the prevailing temperatures. This seems reasonable, since it is known that

from 30 to 50% of an oil spill will evaporate in 50 hours under temperate region conditions. Al-

though the temperatures were lower at Barrow than they would be in temperate regions, the oil had

a longer period to evaporate (the surface waters took at least a week to drain). More important is

the fact that many important phytotoxic components of the crude oil are lost with the volatile

fraction

.

Data from temperate regions indicate that damage to plants can be expected at soil hydrocar-

bon levels above 20 mg/g dry soil. Lethal levels of oil occur around 40 mg oil/g dry soil. Ob-

served levels of hydrocarbons in the present study were at least double these values. Such levels

would probably result in severe injury and death in temperate cUmates, but the full effects in the

arctic climate and soil conditions are not known at this time.

Comparison of soil respiration between control and oil-treated areas generally showed that

the most active soil layers were at the surface and at the bottom of the core. The layer just below

the top 3 cm of soil was usually the least active. The soils from site 3 had a respiration rate

more than five times that at site 1. The difference was maintained thraighout the soil profile.

Based on limited data, the heaviest oil treatment (12 liters/m^) produced, on the average, a

two-fold increase in respiration over the untreated control. In no instance was oil observed to

inhibit soil respiration. Although penetration of oil into the profile on the wet site was not detect-

able by the fluorescent comparator technique, respiration was stimulated throughout the profile.

This suggests some component of crude oil was in fact percolating below the surface even though

petroleum components are extremely insoluble in water.

Data from the fertilizer treatments were very limited. At this time, no conclusions can be

made. Based on the literature and pilot studies, an increase in respiration rate would be expected

when fertilizer is applied to an oil spill. Added mineral nutrients probably allow a more rapid

microbial population response and hence an increase in measurable oxygen consumption.
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Several observations on the effects of adding oil to soil samples within the respirometer

flasks were made.
:
An equilibrium respiration rate was established followed by addition of oil.

Control samples showed no significant change in oxygen consumption while respiration in oil-

treated soils was stimulated by oil. The proposed explanation for differences in behavior between

control and oil-treated areas is that the latter had developed a relatively high microbial population

which could decompose oil.

Preliminary evidence from site 1 suggested that the quantity and quality of microbial biomass

was affected by oil treatment. A two- to three-fold increase in bacteria numbers was indicated.

On the other hand, organisms such as fungi and algae appeared to be inhibited by oil.

Aquatic. Study Pond E occupies the eastern half of a subrectangular depressed-center poly-

gon about 45 m square. In mid-July the pond was 36 m long (north-south) and 19 m wide (east-

west), with a maximum depth of 0.3 m and a mean depth of 0.2 m. The pond's western boundary,

which lies at the center of the polygon, is poorly defined and grades through the emergent vegeta-

tion into wet tundra meadow. The dominant emergent and surrounding terrestrial vegetation is

Carex aquatilis.

On 16 July 1970, 200 gallons (760 liters) of Prudhoe Bay crude was applied to this small

tundra pond at a density of 1.3 liters/m^ or a thickness of 1.3 mm. Several hours after application,

the oil was distributed uniformly across the pond. By the following day, driven by the wind, it

had accumulated in a 3- to 5-m-wide band against the emergent vegetation on the west margin of

the pond. Figure 28 illustrates the accumulation of oil on the margins of the emergent vegetation.

A portion of the oil remained in the emergent vegetation on the west side of the pond, but approxi-

mately half the oil continued to migrate in response to changes in wind direction through August

and early September. The viscosity of the oil increased with time, and it began to adhere to the

stems of emergent vegetation in mid- August. Oil penetration into the organic sediments and wet
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Figure 28. Oil treated pond showing accumulation oi oil amongst emergent

vegetation as a result of wind action.
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Figure 29. Edge of oil treated pond showing damage to terrestrial

vegetation where oil spill was introduced.

litter was negligible, although small spills on terrestrial peat near the pond were absorbed readily.

However, the above-ground vegetation was killed as illustrated by the dark area in the lower right

hand corner of Figure 29.

For the month previous to the oil spiU routine observations were made of the pond's physical

regime including air, water, and sediment temperatures and depth of thaw and water level; for

water chemistry including nitrc^en and phosphorus nutrients, pH, and alkalinity; and for biolc^ical

determinations including primary productivity, chlorophyll, and seston weights. Monitoring of these

parameters was continued into September.

High temperatures and dissolved oxygen depletion occurred in shallow water beneath the oil;

however, determination of the degree to which oil is responsible for this awaits the analysis of

data which have been collected in shallow water in control ponds. Fauna in Pond E were affected

to some degree by the oil application. A massive and complete mortality of tadpole shrimp

(Lepidurus sp.) occurred with the addition of the oil, and fairy shrimp {Branchinecta sp.) no longer

could be found ten days after the spill, although they remained abundant in the adjacent control

ponds. Conclusions concerning the impact of the oil on plankton productivity and nutrient cycling

await completion of the analytical work.

Cape Simpson oil seeps

Terrestrial. After a reconnaissance flight over several of the natural oil seeps in the vicinity

of Simpson, it was decided that several seeps near Cape Simpson were the most promising for

biological studies. A short reconnaissance visit was made to seep A (Fig. 30) in early June by

Brown, Benoit and McCown. During the period 18-20 July, a more detailed series of observations

and samples were conducted with McCown, Murrmann, Hunt and Barsdate. Shortly thereafter McGaw
and Haugen installed a temperature recording system.
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Figure 30. Location map /or the Cape Simpson seeps.

The objectives of the studies are:

1. To become familiar with the long-term reaction of tundra plant and soil systems to the

presence of crude oil and crude oil breakdown products.
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2. To gain information on which arctic plant and microorganism species may be able to adapt

to the presence of a hydrocarbon-saturated rhizosphere.

Seep A was chosen for the terrestrial seep studies for several reasons:

1. There was a minimum of disturbance by man which occurred elsewhere in the area during

the period of the PET 4 activities.

2. There appeared to be a difference between the vegetation immediately adjacent to the

seep and that several meters away.

3. There were two distinct plant communities intersected by the seep.

This seep consisted primarily of asphaltic material flowing down a slope which ended at the

shore of a small lake. New seepages of fresh oil were most obvious in the center of the asphaltic

area, but fresh oil could also occasionally be seen in the peripheral ground. Large areas to the

sides of this flow showed sparse vegetation coverii^ a well-oxidized asphaltic soil. This indi-

cated that major active seeps and flows were once in a position different from the present flow.

The fresh oil and tar flowed along frost cracks in the ground at the periphery of the seep and thus

formed finger-like projections into the tundra. This was especially noticeable at the lower part of

the slope where fresh flows could be seen advancing over the vegetation. Figure 31 is an overall

view of the Simpson seep. Figure 32 is a close-up of an active flow.

The area seemed to be a good example of the successive stages in the natural oxidation and

degradation of oil. The freshly exuded oil was quite fluid but eventually formed a tar, probably

because of the evaporation of volatiles. After weathering, an asphalt was formed which was quite

resistant to further changes. However, when oil, tar, or asphalt came into contact with free water,

either at the edge of the lake or in pools of water collected on the seep, degradation into a gummy

light-brown material and finally into a loose brownish humus-type material occurred. The degrada-

tion in water was probably due to microbiolcgical attack. Literature from temperate climate studies

also indicates that the microbial oxidation of hydrocarbons occurs faster under high water content

conditions.

Plants were found growing in close association with the asphalt and oil, both at the periphery

and when entrapped by the flows. The plants surrounded by the seeps had their root systems em-

bedded in the tar. In places, plant shoots could be seen advancing into the asphalt. In those areas

where the flows contacted water, the plant growth was lush and more advanced phenologically than

in the surrounding tundra. Only when the foliage became covered with an oil deposit was injury

visually noticeable.

Two communities of vegetation were evident in the area of the seep. On the lower, wetter

portion of the slope, a community with Carex aquatilis as the dominant species was present. A

sharp change occurred farther up the slope with the beginning of a community dominant in Arcta-

grostis latifolia. Along the east side of the seep, the Carex community lined the periphery; in no

other place was this community seen at this elevation on the slope.

Three transects were established running 4 meters in length from the east side of the seep,

into the surrounding tundra. The transects were placed so that they intersected changes in vege-

tation, which generally meant that 2 meters of the transect were in the Carex community and 2

meters were in the Arctagrostis community.

1. Transect 1 was located near the top of the slope. Much of the top of the slope showed
asphalt outcroppings. This was the driest of the transects. The transect did not intersect the

major seep, but began about four meters away from its edge.

2. Transect 2 was located further down the slc^e and extended from the edge of the seep.
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Figure 31. Ground view of a Simpson oil seep.
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Figure 32. Close up o( active oil flow inundating the vegetation.
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Figure 33. Ciose-up ot the transect with the oil seep in the background.

3. Transect 3 was at the lower part of the slope where only the Carex community was present.

The transect began at the edge of the seep. This was the wettest of the transects. Figure 33

shows the areas adjacent to the transects and the seep.

Each transect was sampled to determine plant composition and to gain information as to what

might be causing the change in vegetation types. The species present in the transect were identi-

fied and their numbers counted. To facilitate comparison, the transect was divided into four sec-

tions 1 meter in length and 30 cm in width. The soil was probed ior thaw penetration every 25 cm

along each transect. Five-centimeter-diameter cores of soil were taken at each meter along the

transect. These cores were then analyzed for the presence of hydrocarbons by the fluorometric

comparator method. In order to eliminate contamination from coring, samples were taken from the

center of each core after it had been split with a razor blade.

A ten-point thermistor temperature recorder was placed on transect 1. The probes were installed

at meter and meter 4 along the transect, with three probes in frozen ground, two in thawed ground,

two in the vegetation, and two on stakes 1 meter above the soil surface. Another probe was also

located in the seep.

The following species were found along the three transects: Carex aquatilis, Arctagrostis

latilolia var. latifolia, Salix rotundifolia, Poa arctica, Senecio atropurpureus subsp. frigidus.

Ranunculus sulphureus, Hierochloe pauciflora, Petasites frigidus, Salix pulchra, Stellaria longpipes,

and Alepecurus alpinus subsp. alpinus. Carex community which was predominant aU along the

lower portion of the slope as well as the seep (transect 3) was also dominant along the edge of

the seep in transects 1 and 2.

The abruptness in the shift of communities was noted by the marked differences in the numbers

of plants of Carex aquatilis and Arctagrostis latifolia, especially between the second and third

section of transects 1 and 2. Large differences were also observed with several of the less-num-

erous members, specifically Senecio atropurpureus.
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A plant very prominent in the seep, but not encountered in the transects, was Eriophorum

scheuchzeri. This plant was found in patches completely surrounded by soil, tar, or asphalt, and

was ftspeciaUy prominent where the seep tended to entrap water. Large bloom and seed heads

were plentiful and the plants were actively spreading by below surface shoots.

Thaw depths measured on the three transects were greatest near the oil seep and changed

abruptly to shallow values between the second and third meters on all transects. The deep thaw

values varied between 55 and more than 85 cm, whereas the shallow values were on the order of

20-25 cm. The change in thaw was coincident with the change in v^etation types.

Samples (rf Carex aquatilis from the edge of the seep were compared with plants from the un-

disturbed tundra in the vicinity. The plants from the seep were taller, had thicker stems, and were

mae advanced in flowering and fruiting. Whether this was just the effect of higher ground temp-

eratures around the seep or whether other factors were involved such as the availability of nutrients

or the presence of stimulatory chemicals remains to be determined.

Comparison of soil and seep temperatures at the 10 cm depth revealed that the seeps are

warmer by some 3 to 5°C during the day and 1 to 2°C at night.

The hydrocarbon content in the upper 8 cm of soil was generally insignificant (<0.5 mg oU/g

soil) except for one instance in transect 2 (25-40 mg/g). Even when considering the moisture

content of the soil and converting the readings to a dry weight basis, the levels are probably too

low to cause an inhibition rf growth. In fact, levels such as these have been shown to have a

stimulatory effect in temperate soils. At these low levels of hydrocarbon content, the presence

of oil in the soU probably did not act as an important factor in plant species distribution.

The interrelationships between the vegetation, temperature effects, and the presence of the

various stages of oil seep development are obviously complex. It is probable that a succession

in plant type occurs on the seepage areas as the physical characteristics of the asphalt soil

change due to oxidation and breakdown of the oil. The stages of succession may progress from the

pioneer lichens and mosses to plants such as the Carex community and Eriophorum, and finally

to the Arctagrostis community when the soil becomes colder and the thaw shallower as a result

of plant cover and seepage inactivity.

Comparison of water associated with the asphalt deposits at Cape Simpson with that from a

typical tundra pond showed some interesting differences in microorganism composition. The former

was approximately three orders of magnitude richer in bacteria, fungi, and algae. This would appear

to be good circumstantial evidence that microorganisms in situations like Cape Simpson for fairly

long periods of time are tolerant of oil and are capable of decomposing it.

Twelve species of bacteria and yeast from Cape Simpson were cultured on a crude oil-mineral

salts medium. These organisms were capable of using hydrocarbons from crude oil as their sole

energy and carbon source. The exact components of crude oil used by the bacteria and yeast were

not determined.

Aquatic. Four natural oil seeps in the Cape Simpson area were visited with site investigations

concentrating on small ponds associated with two'seeps (seeps B and D). Samples were taken fa

pH, alkalinity, and nutrient chemistry, and temperature and conductivity measurements were made.

The biological work consisted of '"C primary productivity and plankton pigment determinations and

qualitative estimates of fauna! abundance and diversity. In addition, preserved samples of plank-

tonic and benthic organisms were obtained.

At seep B, three ponds were studied. Pond B-1 is a rather long pond extending along the

east margin of the major asphalt flow. Much of the water is in contact with unaltered fresh asphalt

a water-asphalt emulsions, and very little floating oil is present in this pond. Pond B-2 is located

about 100 m east of B-1 in an area free of any recent oil seeps, although old, completely revegetated

flows are adjacent. B-3 is a small pond on the west margin of the major asphalt flow, and there

is an active although small spill of fresh asphalt into this pond.
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Table XXX. Limnology of the Cape Simpson oil seep ponds.

B-1 B-Z B-3 D-1 D-2

Temperature, air (°C)



From the work on both the oil seeps and the oil spills, the phytoxicity of oil appears to be

high when it contacts foliage. Experiments are being planned for the summer of 1971 to further

study this process.

The differences observed in the distribution of hydrocarbons between the wet and dry sites

indicates that the soil moisture level at the time of oil application may be an important factor. High

moisture levels apparently not only inhibit penetration of this oil into the soil but also allow for

considerable evaporation of the volatiles before they can come in contact with the root system. A

laboratay study is planned for the next growing season to further evaluate this factor.
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For purposes of this report the Prudhoe Bay region is defined as the land area between the

Sagavanirktok and Kuparuk Rivers (Fig. 34). As such, it constitutes a representative portion of the

eastern arctic coastal plain. The region is more diversified geomorphically and biologically than

the Barrow region. Major landforms include stabilized and active sand dunes, numerous shallow

and occasional deep lakes, polygonized and nonpolygonized drained lake basins and interfluves,

small entrenched and meandering streams, broad floodplains and terraces of the larger rivers, and

numerous small pingos. The variety of landscapes offers many more biological habitats than occur

at Barrow. In addition, the summer climate is somewhat warmer than that at Barrow.

The region under examination contains the Prudhoe Bay oil field which is currently under

development. This development involves the construction of permanent camps, an industry-operated

airfield, road networks and pipeline systems to connect the wells and gathering plants located on

large gravel pads, storage and docking facilities, and a variety of related processing and support

facilities. Figure 35 is a view of a gravel pad and road in characteristic terrain. The Environ-

mental Subcommittee of the Prudhoe Bay Unit is responsible for developing and implementing pro-

grams concerning the ecology of the region. During the summer of 1970, the Tundra Biome Program

worked directly through the Environmental Subcommittee and two of its member companies: British

Petroleum and Atlantic Richfield - Humble. These cooperative activities prompted the subcommittee

to sponsor a general ecosystem modeling effort for the arctic coastal tundra under the supervision

of the Tundra Biome Program. Various state and federal agencies are also conducting regulatory

and research activities within the Prudhoe Bay region.

The Tundra Biome Program's objectives in the Prudhoe Bay ecosystem were twofold:

1. To obtain initial biological and environmental information so that early comparisons could

be made with other arctic coastal plain sites. (The following report emphasizes this aspect.)

2. To identify short- and long-term bioenvironmental research problems through on-the-ground

acquaintance with the natural and man-modified ecosystems.

These involved numerous visits by Barrow- and University of Alaska-based scientists for vary-

ing amounts of time. The excellent road network and the availability of industry ground vehicles

made it possible to cover the entire area repeatedly in a matter of hours. The following section

* Principal authors.
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Figure 34. Location map for Prudhoe Bay region, showing road network and sample sites A through E.

contains observations by the scientists who visited the region. In addition, the Tundra Biome Pro-

gram Review Committee visited the region. Its comments on the Prudhoe Bay operations and poten-

tial for future research are contained in the report which was distributed in September 1970.

Climate

Recent climatic data from Prudhoe Bay are now available in conjunction with Federal Aviation

Agency observations. The nearest permanent long-term climatological station is at Barter Island.

For this report, a simple comparison of Prudhoe Bay and Barrow air temperatures for the 1970 growing

season will suffice (Table XXXI).

Temperatures at Barrow and Prudhoe rose above freezing on 27 May. The May temperatures at

both locations were quite similar. By June the trend for warmer than Barrow temperatures at Prudhoe

was obvious: the maximum air temperature at Prudhoe for that month was 18.3°C and that at Barrow

was 12.8°C. July was the warmest month at both locations, with Pmdhoe temperatures 2°C or more

warmer than those at Barrow. Maximum summer temperatures were 21.1°C at Prudhoe and I7.8°C at

Barrow. August was decidedly warmer at Prudhoe than at Barrow. This, plus the fact that Barrow
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Figure 35. Aerial oblique view of characteristic Prudhoe Bay terrain showing

a gravel pad and road. Drier polygonal terrain is seen in foreground and wetter

areas in background.

Table XXXI. Comparison of Barrow and Prudhoe Bay air temperatures (°C).

Barrow data: U.S. Weather Bureau; mean values based on

daily minimum-maxitnum readings.



had 39 days with minimum temperatures at or below freezing during July and August versus 10 days

at Prudhoe, indicates the potential difference in growing seasons between the two locations.

Primary production and vegetation

On 29 July a ground tour of the Prudhoe Bay area was conducted and plant species were col-

lected and identified at numerous stops. These species are listed in Appendix B. This should

not be considered a complete list of the plants of the Prudhoe Bay area, since many species were

undoubtedly not found, and in some groups, notably the genera Carex, Salix, and Draba, field identi-

fications could not be made. The flora of Prudhoe Bay appears to be more diverse than that of the

Barrow area. This is probably the result of greater habitat variability at Prudhoe since individual

community diversity does not appear dramatically larger. The sand dunes adjacent to the

Sagavanirktok River are one example of the greater habitat variability. They support many species

not found on the adjacent tundra at Prudhoe Bay or at Barrow. In addition, the Prudhoe tundra

supports many species not found at Barrow, while most of the common Barrow species were also

found at Prudhoe.

Four representative sites were selected for careful analysis of the vegetation. The first three

sites were located at three points along a continuous moisture gradient and represent a large pro-

portion of the tundra at Prudhoe (Fig. 34, Location B). The fourth site represents a large expanse

of a relatively homogeneous community consisting, however, of a diverse species composition

(Fig. 34, Location A). These are listed below:

Location B: Site 1 - Near the top of a well-drained slope, in an area dominated by tussock

(Eriophorum vaginatum var. spissum and Eriophorum angustiloUum) tundra.

Location B: Site 2 - Near the bottom of the same slope, ground broken by small hummocks.

Location B: Site 3 - A low-centered polygon basis adjacent to a large lake and immediately

below site 2. Dominated by Carex aquatilis.

Location A: Site 4 - A flat, drained lake basin.

At each of these sites an inclined point frame, identical to frames described for the Barrow

sites, was used to determine the composition and canopy structure of the vegetation. The results

are given in Table XXXII. As discussed earlier in the Barrow section of the report, the leaf area

index may be considered as the ratio of area of leaf surface to the area of ground surface. Thus, a

leaf area index of 0.8 means that 80% of the land area is covered by leaves. The leaf area index

for live leaves for the comparable period at the intensive site at Barrow is greater than that for

Prudhoe.

The vegetation at Prudhoe is taller than that at Barrow, but is less dense, especially in the

lowest 5 cm of the canopy. Thus, the vegetation at Prudhoe consists of fewer, more robust shoots,

while that of Barrow consists of more numerous, smaller shoots. This is not due to a difference in

species composition at both sites Eriophorum angustifolium, Carex aquatilis, and Dupontia fischeri

are the three most abundant species (Table XXXIII). These make up 83% of the point-frame contacts

at Barrow. The major difference in composition is the greater abundance of Dupontia fischeri at

Barrow. At both locations, grasses and other species with a grass-like growth form (sedges, rushes)

predominate in the vegetation.

The rooted vegetation was clipped at the base of the moss layer from an area 0.1 m\ immediately

under the location selected for point-frame analysis. The clipped vegetation was returned to the

laboratory where the green material (produced in the present growing season) was separated from the

standing dead material (produced in prior growing seasons). The material in each of these categories

was dried and weighed. In addition, subsamples of the green material were analyzed spectrophoto-

metrically for chlorophyll content.

90



Table XXXII. Comparative leaf area indices at Barrow and Prudhoe Bay.

SUM

Live Leaves



Table XXXIII. Community composition number of contacts and percent of total by vascular species.

PRUDHOE BAY BARROW
(JULY 301 (JULY 25)12 3 4 MEAN MEAN

SPECIES



Consumers

Arthropods: The site visits to Prudhoe Bay were made after the end of the main period of

emergence of adult insects. This occurred in mid-July 1970 at Barrow, with a rapid decline after

20 July. Samples of tundra sod from each of the study areas at Prudhoe were returned to Barrow

for extraction of insect larvae and other soil arthropods. As at Barrow, the major Pmdhoe arthropods

were cranefly larvae (Diptera, Tipulidae). Two large larvae of Prionocera gracilistyla were found

in the samples from site 3, the polygon basin. Two larvae of Pedicia hannai were extracted from

the samples from site 4, the drained lake basin. Larvae of the former species are saprivorous, while

the smaller larvae of Pedicia hannai are carnivorous.

The insect fauna at Prudhoe included many species, and even several families not found at

Barrow. Several species of large wolf spiders (Araneida, Lycosidae) were particularly abundant and

conspicuous. Although the number of samples taken was too small to support firm conclusions, the

number of insect larvae in the soil appeared to be equal to or less than the number found in similar

areas at Barrow.

Microtine rodents: The tundra of northern Alaska is noted for the cyclic population fluctuations

of small rodents, particularly the brown lemming. Lemmas trimucronatus. At Barrow this species

undergoes population cycles of large amplitude. The collared lemming, Dicrostonyx groenlandicus,

is present at Barrow in smaller numbers and is not conspicuously cyclic. During July, August and

September, several separate sets of observations were made principally by MacLean and Whitney.

MacLean noted the following:

In late July, a moderate amount of burrowing and cutting of vegetation, apparently dating from

the preceding spring, was evident; however, the microtine population was not large and no animals

were seen. Raised mounds and polygons were examined for cast pellets and nest scrapes of preda-

tory birds. The scarcity of these makes it doubtful that the microtine rodents ever reach high

populations of the magnitude seen near Barrow. Eleven raptor pellets [snowy owl (Nyctea scandiaca)

and pomarine jaeger (Stercorarius pomarinus)] were collected and their contents were analyzed.

These contained remains of 19 Lemmus, 15 Dicrostonyx, 1 Microtus oeconomus (tundra vole),

1 Spermophilus undulatus (arctic ground squirrel), and 3 birds. Thus, at Prudhoe, the coUared

lemming is far more abundant relative to the brown lemming than it is at Barrow, and two mammal

species occur there wliich are not found at Barrow. Careful trapping in the Prudhoe area may prove

to be particularly interesting.

In early September, Whitney established two live trapping grids (Fig. 34, Location C) in the area

close to the plant observations and the revegetation plots. One grid contained 100 traps at 5-m

intervals (10 x 10) and the other 65 traps at 5-m intervals. No microtines were captured during the

two days of trapping. The traps were left in place in locked-open positions, for future reruns of the

trap grid. Sixty man-hours were spent on the tundra looking for fresh signs of animal activity. Signs

were nil, with no evidence of green cuttings, green fecal matter, or recently used nmways. The

September observations indicate a decrease in the microtine population over that postulated from the

observed July and August signs.

Large herbivores: At each of the study sites, and in the Prudhoe Bay area in general, many

well traveled trails and piles of fresh feces evidenced the frequent passage of caribou Rangiler

tarandus through the area. This was particularly conspicuous at site 2, where the ground was

terraced by a series of parallel game trails, and at site 3, where the polygon was surrounded, but

not traversed, by recently used trails. The passage of large numbers of caribou, as was seen at

Prudhoe in mid-July, resulted in a heavy grazing pressure on the vegetation as well as severe

physical disturbance from tramping. Thus, unlike the immediate Barrow area, caribou are an import-

ant element in the tundra ecosystem near Prudhoe Bay.
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The Prudhoe Bay area, like other areas on the coastal plain of northern Alaska, includes

numerous ponds and lakes. The perimeters of many of these showed the effects of fertilization by

waterfowl. Eiders (Somateria) and old squaw {Clangula hyemalis) were seen resting on the banks,

and feces of larger waterfowl were present in abundance. The vegetation of such areas showed a

lush, green moss layer and included a greater diversity and density of flowering plants than

adjacent nonfertilized tundra. Thus, the waterfowl must act as significant mediators of nutrient

exchange between the aquatic and terrestrial segments of the ecosystems.

Soil nutrients

The Prudhoe sites were selected to determine the seasonal variation in available soil nutrients

after disturbance. The sites were located adjacent to the BP Pit no. 1 discovery well (Fig. 34,

Location D), Three disturbed sample sites were randomly located on an abandoned winter airstrip

which was used for landing C-130 Hercules cargo aircraft. This had produced markedly minor

physical disturbance, although disruption of the surface organic matter layer was evident. Three

undisturbed (control) sampling sites were randomly located in an area contiguous with the airstrip.

Both groups of sites are located adjacent to the revegetation site (Fig. 34, Location E).

Early, mid-summer and end-of-summer samples were obtained for the upper 15 cm of mineral

soil. Table XXXV gives results of the sampling. With the exception of the phosphate concentrations

at the 10 September sampling time, the soils from the disturbed site showed significantly higher

nitrate and phosphate concentrations than soils from the undisturbed sites. Although the disturbance

at the site sampled on 10 September was relatively minor, the surface thermal regime was undoubtedly

altered to the degree where increased soil temperature might be associated with an increase in

microbial activity. This would result in a more rapid turnover of nitrogen and release of phosphorus

in the disturbed sites as compared with the undisturbed, adjacent areas. Similar trends were sug-

gested on the controlled manipulations at Barrow.

Table XXXV. Concentrations of selected nutrients in

disturbed and undisturbed tundra soils.

mg nutrient/g dry wt ot sample

Area



Table XXXVI. Microbiology of Barrow and Prudhoe Bay.

Barrow samples Prudhoe bay samples

Controls sample no. Plot no. Samples designation

206 207 208 Control Reveg

Oiled

Reveg

Total no. of species 81 [21 Shared species] 51

No. Fungal propagules/g soil

Litter

Soil

No. Species

Litter

Soil

No. Shared species between

litter and soil levels

No. Yeasts/g soil

Fungal biomass % dry soil

Fungi as % organic matter

Bacterial biomass lb/in. acre

11,000



Apparently this organism is able to utilize some of the components of crude oil or break down

products from yeast metabolism of crude oil. Studies were initiated to determine why this one

fungus is so successful in the oiled area. The identity of the yeasts present in the oiled soil

remains to be worked on but a decrease in total species composition with an increase in the

number of particular species also seems to have occurred amongst the yeasts.
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At Fairbanks, intensive investigations are being made on disturbed areas in which a 200-m

section of heated pipe has been buried to serve as a model for heat flow calculation by Alyeska,

Revegetation studies are being conducted over the pipe. The pipe passes through two ecolc^ical

zones, a drier white birch {Belula papyri/era) forest and a wetter white (Picea glauca) and black

(Picea mariana) spruce forest. Extensive base-line studies have been carried out in the adjacent

undisturbed wooded areas through the Tundra Biome Program (Fig. 36).

In the first summer of base-line studies of the sites from Fairbanks to Prudhoe, it was not

possible to achieve any degree of completeness m investigations at any one site. Therefore, rather

than treating the bioenvironmental gradient site by site, this section of the report wiU follow the

outline d the previous sections by detailing status of research prepress by ecosystem components:

abiotic, producer, consumer, and decomposer-nutrients.

© MICROMETEOROLOGY TOWERS

SOIL NUTRIENT AND
DECOMPOSER SURVEY

Figure 36. Location map ol study sites adjacent to the hot-pipe disturbed area.
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Figure 37. Aerial oblique photograph of the hot-pipe

test section and the adjacent undisturbed birch and

spruce stands (photograph by Don Borchert and heli-

copter night by Alyeska).

Abiotic

It was not possible to undertake any continuous measurements of microclimates (temperature,

wind, humidity, etc.) at sites along the gradient since the sites were visited briefly and, in most

cases, were not revisited, so that microclimate monitorir^ equipment or recorded data could

not be retrieved.

However, the climatic data from Fairbanks permit several generalizations to be made about

the 1970 summer climate in the interior. Both temperature and precipitation appeared to be well

within the normal range. June was slightly wetter than normal; July and August were slightly

warmer than normal. All averages were within a standard deviation of the 30-year normal mean for

Fairbanks. Temperatures at several alpine sites have been monitored by USA CRREL for a number

of years. These temperatures also appeared to be near normal. Table XXXVII presents a summary

of these data and those of a new lowland station at West Fork, near the junction of the TAPS road

and Elliott Highway.

In early June 1970, thermocouples were installed at two sites in the birch and spruce stands

adjacent to the hot pipe on the University of Alaska campus. Figure 37 is an aerial ablique photo-

graph of the site.
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Table XXXVII. Summer 1970 climatic data from several

stations in interior Alaska.*

Avg
temp

Month ("C) Departure

Precip

(mm) Departure



Producers

The primary objective of the 1970 field season was the initiation of analysis of vegetation

types of significant areal distribution, including their physiognomy (community structure), species

composition, biomass, and net primary productivity along the bioenvironmental gradient. In addi-

tion, profile descriptions of soil were obtained for most vegetation types examined. It was not

possible to obtain significant biomass and productivity data during the first season. As a result

of the first season's activities, knowledge of some fundamental characteristics of important vege-

tation types along the transportation corridor transect between Fairbanks and Wiseman is now

available. Initial correlations of these types to environmental factor gradients are being made.

Additional field activities, including studies of more stands of vegetation at established and new

sites, especially further south along the corridor, and the incorporation of the measurements men-

tioned above, will provide some basis for explaining the seemingly complex pattern of vegetation

types of the Alaska landscape in addition to the more important objective of providing a more

nearly complete understanding of the vegetative productivity of this diverse region.

Six study areas were investigated: Fairbanks; hot-pipe control area. University of Alaska;

Healy Lake; Hess Creek construction camp; Fish Creek Summit; Fish Creek State Highway Depart-

ment maintenance camp; and Wiseman.

In the Fairbanks area activities were confined to the forest adjacent to the experimental hot-

pipe installation (hot-pipe control area). Data from Healy Lake were minimal as they were obtained

as an adjunct to other work in that area, but they are useful in projecting the transect southward.

At each site a reconnaissance was made to develop a general impression of the nature and extent

of each vegetation type. Stands representative of the significant vegetation types in the area were

located for study. A stand consisted of vegetation which appeared homogeneous throughout; therefore,

stands varied greatly in size from several square meters to several square kilometers. For each

stand a list of species was compiled.

One or more quadrats usually 10 x 10 m were marked out, and all species and species groups

on the stand list which were found within the quadrat were given by visual estimate a value on the

following scale of cover and abundance (C-A) values:

X - Isolated, a single small individual, insignificant cover.

1 - Very scattered, rare, insignificant cover

2 - Scattered, uncommon, low cover.

3 - Scattered, common, low cover.

4 - Scattered, common, cover about 5%.

5 - Common, cover up to 20%.

6 - Common, cover 20-33%.

7 - Abundant, cover 33-50%.

8 - Abundant, dominant, cover 50-75%.

9 - Dominant, cover 75-100%.

10 - Dominant, cover over 100% (in the case of overlapping foliage).

In larger stands, when time allowed, two or more quadrats were studied in order to assess the

intrastand variability. Information from 10 quadrats in each of one or more stands is considered

desirable as a measure of a vegetation type in an area. At some sites, 1-m^ quadrats were marked

out in which stem counts and percentage cover of each species could be estimated.
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In most stands, usually within or near a study quadrat, a pit was dug to obtain soil profile

description, to determine depth d" the active layer, and to remove soil samples for later laboratory

analysis. Basal areas of all stems over 1 cm DBH were also measured. These data in addition

to C-A values, help to show the relative importance of the tree species, in most cases the community

dominants, within and among stands and areas, and they may also enable rough estimates of stand-

ing crop biomass to be made.

The list of species and C-A values, along with the quadrat location, elevation, and other abiotic

information, constitutes a relevd. A relev^ is a meaningful set of data on environmental conditions

giving species composition and vegetation structure as \»ell as abiotic conditions necessary for

gradient analysis. A series of relev^s from a large number of stands covering the range of vege-

tational variability in an area may serve as the basis of a vegetation classification scheme. Sets

of classified vegetation types may be positioned on one- to n-dimensional diagrams of coordinate

axes which show value ranges of selected abiotic variables. By determining stand indicator values

from the data contained in the relev^s, an ordination of the vegetation may be calculated. During

the 1970 season, 71 relev^s were obtained. The data are currently being transferred from field

notebooks to computer format for further analysis.

The following discussion is limited to preliminary vegetative analysis of the control area

located adjacent to the experimental hot-pipe section.

The results of the hot-pipe vegetation transect survey provide an example of the analysis

possible with the vegetation data gathered at each transect site. At the hot-pipe control area, the

analysis provides an indication of the physiognomy, or structure, and species composition of the

undisturbed vegetation adjacent to the hot-pipe disturbed area.

The vegetation is dominated by arboreal species throughout. These include birch {Betula

papyrifera), white spruce (Picea glauca), black spruce (Picea mariana), and alder (Alnus crispa

ssp. crispa). Figure 39 shows the relative importance of these in the 23 0.02-ha quadrats along

the transect. Three vegetation types, or plant communities, can be recc^nized. The first, design-

ated a birch community, is represented by quadrats 1-8, and is dominated by birch. The second,

represented by quadrats 9-14, is dominated by birch and alder and is considered a transition com*"!

munity because it includes a mixture of species dominant in each of the adjacent communities.

The third community, including quadrats 15-23, is dominated by white spruce, black spruce, and

alder and is designated a mixed spruce, or simply spruce community. This community may be con-

sidered an ecotone. The status of other woody species is shown in Figures 40 and 41.

A WHITE SPRUCE OBIRCH

lOr BLACK SPRUCE • LARCH

I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 17 18 19 20 21 22 23
QUADRAT NUMBER (002HA)

Figure 39. Cover-abundance values for four tree species in 23 0.02 ha (10 x 20-m) quadrats along

the hot-pipe vegetation survey transect. (See text for explanation of the cover-abundance scale.)
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Figure 40.

2 3 4 5 6 7 8 9 10 1 1 12 13 14 15 16 17 18 19 20 21 22 23

QUADRAT NUMBER (0.02 HA)

Cover-abundance values for three shrub species in 23 0.02=ha (10 x 20-m) quadrats a-

long the hot-pipe vegetation survey transect.
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O LEDUM GROENLANDICUM

• VACCINIUM ULIGINOSUM

A V4CCINIUM VITIS-IDAEA

-

100

QUADRAT NO (IM )

Figure 41. Percentage cover of three shrubs in 105 1-m^ quadrats along

the hot-pipe vegetation survey transect. Values shown are moving aver-

ages of 10 quadrats each, calculated at 5-quadrat intervals.
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These are, in most cases, diagnostic of the three communities as recognized above because

major changes in status along the transect correspond with changes in importance of trees. For

example, alder has, on the average, low cover-abundance (C-A) values in the birch community and

high values in the transition and spruce communities. Rosa acicularis C-A values are relatively

high in the birch community, somewhat lower in the transition community, and low in the spruce

community. Willow {Salix spp.) has its highest importance only in the latter community.

The ericaceous shrubs. Ledum groenlandicum and Vaccinium vitis-idaea ssp. minus are impor-

tant primarily in the spruce community. The prominent peak in the Ledum curve and accompanying

lesser peaks in the Vaccinium curve in quadrats 8 - 10 (Fig. 41), correspond to moderately high

values of black spruce (Fig. 39). This combination of species probably reflects a local topographic

swale where drainage is somewhat inhibited and soil pH is higher than in the adjacent birch

community.

Figure 42 shows the relative importance along the transect of the six most abundant herbaceous

species. Equisetum arvense and Equisetum pratense show high to very high stem counts in quadrats

1 - 40. These quadrats are located along that segment of the transect which lies within the birch

community. An abundance of these two species of Equisetum appears, therefore, to be diagnostic

of this community. Moehdngia lateriflora is also diagnostic, as stem counts were much higher in

the birch community than in the others. The occurrence of Calamagrostis canadensis in moderately

high numbers in both the birch and transition communities helps to distinguish these from the

spruce community, although this species is still of significant occurrence in the latter. The

Geocaulon lividum curve in Figure 42 is high in the spruce community segment of the transect. In

contrast, this species appears to be rare in the transition community, and it was not encountered

at aU in the birch community. Interestingly, Cornus canadensis is fairly important in both the

birch and spruce communities but is nearly absent in the transition community. This is an excep-

tion to the rule, in that most species tend to show trends of increasing or decreasing importance

along the transect. Tables XXXIX and XL contain four other species and groupings {Calamagrostis

canadensis, Rubus arcticus, other mosses, and other ground lichens) which do not show such

trends. Here, however, the differences in importance between communities are not significant as

compared with those for Cornus canadensis.

40 60

QUADRAT NO.

Figure 42. Stem counts of six major herbaceous species in 105 1-m' quadrats

along the hot-pipe vegetation survey transect. Values shown are moving aver-

ages of 10 quadrats each, calculated at 5-quadrat intervals.

104



Table XXXVIII. Mean cover-abundance values of trees and shrubs

in 0.02-ha quadrats in three plant communities along the hot-pipe

vegetation survey transect.

Birch Transition Spruce
community community community

(N=8) (N=6) (N=9)

Species Quad 1-8 Quad 9-14 Quad 15-23

Tree species (based on occurrences in

all strata)

Larix laricina var.



Table XXXIX. Mean number of stems (column A) and mean percentage cover

(column B) of sbrubs in 1-m^ quadrats in three plant communities along the

hot-pipe vegetation survey transect.



Table XL. Mean number of stems of herbaceous species in 1-m' quadrats

in three plant communities along the hot-pipe vegetation survey transect.

Birch Transition Spruce
community community community
(N=38) (N=30) (N=35)

Species Quad 1-40 Quad 41-70 Quad 71-105

Fern allies

Lycopodium complantum
Equisetum scirpoides
E^. sylvaticum
E^. arvense and E^. pratense

Graminoids



Table XLI. Mean values of cover percentage classes for cryptogams in l-m'

quadrats in three plant communities along the hot-pipe vegetation survey

transect.

Species

Birch



Table XLII. Composition of the three plant communities along

the hot-pipe vegetation survey transect.

Birch Community Transition Community Spruce Community

Betula papyrifera

Dominant Species

Betula papyrifera

Alnus crispa s sp. crispa

Picea glauca

P. mariana

Alnus crispa ssp. crispa

Rosa acicularis

Equisetum arvense and E. pra-

tense

Calamagrostic canadensis ssp.

canadensis

Moehringia lateriflora

Secondary Dominants

Rosa acicularis

Ledum groenlandicum

Calamagrostic canadensis ssp.

canadensis

Ledum groenlandicum

Vaccinium vitis-idaea ssp. minus

various mosses

Intermediate Species

Alnus crispa ssp.

crispa

Cornus canadensis

Picea mariana

Ledum groenlandicum

Vaccinium vitis-idaea ssp.

minus

Ribes triste

Rubus idaeus ssp. meJanoiasius

Epilobium angustifolium

Mertensia paniculata

Linnaea borealis

Hylocomium splendens

other mosses

"Reindeer" lichens

other ground lichens macrofungi,

undifferentiated

Picea glauca

Salix spp.

Ribes triste

Viburnum edule

Vaccinium uliginosum ssp.

aipinum

Rubus arcticus

Adoxa moschatellina

Peltigera spp.

Picea glauca Betula papyrifera

P. mariana Vaccinium uliginosum

Vaccinium vitis-idaea ssp. minus ssp. alpinum

Equisetum arvense and E. pratense Equisetum scirpoides

Moehringia lateriflora E. arvense and E. pratense

Hylocomium splendens Calamagrostis

canadensis ssp.

canadensis

Geocauion lividum

Cornus canadensis

Hylocomium splendens

Lesser Species

Saiix spp.

Vaccinium uliginosum

ssp. alpinum

Epilobium angustifolium

Mertensia paniculata

Linnaea borealis

Polytrichum spp. other mosses

Peltigera spp.

"Reindeer' lichens

other ground lichens

macrofungi,

undifferentiated

Rare Species

Rubus idaeus ssp.

meianoiasius

Equisetum sylvalicum

Geocauion lividum

Cornus canadensis

Larix laricina

Salix spp.

Rosa acicularis

Equisetum sylvaticum

Arctagrostis latifolia var.

Carex Oederi ssp. viridula

Stellaria longpipes

Rubus arcticus

Cornus candensis

Mertensia paniculata

Linnaea borealis

Valeriana capitata

Petasites sp.

Polytrichum spp.

Peltigera spp. "Reindeer"

lichens other ground lichens

macrofungi, undifferentiated

Ribes glandulosum

Potentilla fruticosa

Lycopodium complanatum

Moehringia lateriflora

Pyrola secunda

Sphagnum spp.
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Consumers

Other than the observations made at Prudhoe Bay, reported in Section II of this report, the

only detailed studies of the consumer populations on the bioenvironmental gradient were made at

two sites in the taiga woods at Fairbanks. One site, an open white birch association on a hill-

side with an understory primarily composed of grasses, has been under intensive study since 1%8.

Study of the second site was initiated in summer 1970 in the hot-pipe control area, where small

mammal populations were censused in both the birch and the spruce stands.

The immediate goal is to follow the energy flow from the producers through the small herbivore

populations in the three areas. There are three primary objectives: 1) net primary production,

2) net and gross production of small herbivore populations, and 3) herbivore utilization of net

primary production.

The small herbivores present are the meadow voles {Uicrotus oeconomus and Microtus

pennsylvanicus), the red-backed vole (Clethrionomys rutUus) and the jumping mouse (Zapus hud-

sonicus). Unfortunately, the two species of Microtus cannot be distinguished in the field. Autopsy

of snaptrapped specimens shows that Microtus oeconomus constitutes 90% of the Microtus popula-

tion.

Small-mammal numbers are determined with live-trapping (capture-recaptured) and snap-trapping

techniques, according to the following schedule:

Area Size Time trapped

Open birch - grassland (3-mile Steese Highway)

Grid A (Live) 100 stations at

5-m intervals
Every 2 wks in summer (snow-

free)

A wks in winter (snow pres-
ent) 1968-1970

Grid B (Live

Control
100 stations at

5-m intervals
2 wks in summer 1969-1970

Grid E (Live)

Control
100 stations at

5-m intervals
2 wks in summer 1970

Grid F (Snap) 256 stations at

10-m intervals
Aug 1969 - May 1970

Sept 1970

Grid C (Live)

Birch

Hot-pipe control

64 stations at

10-m intervals
2 wks in summer

Grid D (Live)

Spruce
64 stations at

10-m intervals
2 wks in summer
4 wks in winter 1970
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Live trapping operations yield demc^raphic data on a large scale; this very quickly over-

whelms simple computational methods. A series of computer programs are being utilized to analyze

demographic information gathered during the course of this study. The following programs will be

utilized.

1) Instantaneous growth rates

2) Survivorship curves

3) Minimum survival rates

4) Minimimi numbers present

5) Jolly stochastic estimation of numbers present

6) Juvenile survival

7) Reproductive status of all animals

8) Leslie's Z (t) to determine whether sampling is random

9) Movement patterns

Energetics of the herbivore populations are being estimated by three measurements: 1) at

regular intervals throughout the year, 24-hour oxygen consumption measurements are being made

with a closed circuit manometric respirometer; 2) snap-trapped animals are autopsied and analyzed

for reproductive status, organ weights, total body fat and total animal caloric content; 3) stomach

analysis will be made to describe seasonal food habits as well as the amount of ingested vege-

tation present.

Preliminary demc^raphic data (minimum numbers of animals alive on the plot) is shown in

Figure 44 for grids A, B, C, D and E. These graphs reveal several interesting phenomena. First,

Zapus hunsonicus played a major role as a herbivore for a short period in the middle of the summer.

Fairbanks is considered to be a northern limit for Zapus hudsonicus. Past estimates of taiga

small mammal populations did not consider Zapus as a component of the subarctic ecosystem.

Second Clethrionomys rutilus populations were relatively the same during both summers while

Microtus oeconomus and Microtiis pennsylvanicus densities showed marked fluctuations. Third,

Clethrionomys populations in the dense birch and spruce woods were less than half the size of

those in open birch woods with a grass understory.

Clethrionomys rutilus can be the dominant herbivore in a primarily grassland community and

at the same time, in a nearby area, be the prevalent small mammal in birch and spruce taiga stands.

Zapus hudsonicus has shown high survival rates between the two summers, 1969 and 1970. Nearly

50% of the animals tagged in 1969 were recaptured in 1970 as compared to no recaptures of other

species over the same time span in the same area. Preliminary analysis of denic^raphic data show

high turnover rates in the Microtus and Clethrionomys populations. At certain limes of the year,

as many as 70 to 80% of the animals present one week will be absent two weeks later.
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Figure 44. Demographic data for three samples sites near Fairbanks, Alaska.
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Decomposers: Microbiology and nutrient cycling

Soil microbiology

A base line study of soil microfungi was initiated during the summer of 1970 along the bio-

environmental gradient in ten study areas. The hot-pipe control area was studied intensively

while eight other sites along the bioenvironmental gradient up to and including a site at Prudhoe

Bay were surveyed less intensively (Fig. 1). Three control plots on site 2 at Barrow were also

sampled for filamentous soil microfungi and yeasts. Results from the Prudhoe and Barrow sites

have been reported in previous sections. All areas were studied from soil samples taken within

a three-week period. Estimates were made of fungal, bacterial, and yeast biomass at all site.

Comparative studies were made of natural and disturbed areas in Prudhoe Bay, Sagwon, Hess Creek,

and College. At Barrow, Eagle Summit, and College soil and litter samples were treated separately

so as to observe changes in species composition with change in soil depth and substrate. Soil

samples were taken at a depth of 5 to 15 cm.

The numbers of filamentous fungi and yeasts were determined from dilution counts using

acidified potato dextrose rose bengal-streptomycin agar medium. The numbers of soil bacteria were

estimated using the dilution plate technique and a soil extract-cyclohexamide agar medium. In

the case of yeasts and bacteria only number of organisms/gram of soil was estimated.

In the ten study sites taxonomic and ecological studies were performed on the filamentous

soil microfungi. A total of 5000 fungi were isolated, and from these 300 different species were

identified. Major species components have been identified for sites and the density and frequency

of each species has been determined within and between sites. In this way we were able to study

the distribution of taiga isolates northward and tundra isolates southward. Fungal biomass was

estimated by direct observation and measurement of fungal hyphae as percent of total soil organic

matter. Whenever possible, microenvironmental parameters were measured at the sites during

sample collection. These parameters included pH, depth of permafrost, soil temperature, N, P, K.

It was not always possible to make all these measurements in the field. Variation in frequency and

density of species in the different study areas was measured and assessed against the biological

and abiotic (including site latitude) aspects of the site.

The sites were grouped according to the gross physiognomy of phanerogam characteristics.

Accordingly, sites 4, 5, 6 and 7 in College, Hess Creek, Caribou Mt., and Wiseman were caisidered

as mixed spruce dominated upland taiga. All these sites contained Vaccinium vitis-ideae and

Ledum groenlandicum as undershrub. The most common moss in these sites was Hylocomium

splendens. The sites at Rosie Creek, Galbraith Lake and Sagwon were all wet tundra, dominated

by tussocks of Eriophorum vaginatum and mixed tundra sedges and grasses. Geum rossii, Poten-

tilla (ruiticosa and Dryas octopetala occurred in the drier parts of these study sites. The Eagle

Summit site was considered as an example of alpine tundra containing Betula glandulosa, Dryas

octopetala and dwarf Saiix sp. On cursory observation striking differences are seen in the

distribution and densities of major species components between selected sites.

Table XLIII relates some microbiological measurements made at the hot-pipe study area in

College. There, seven sampling areas were stretched out along a 200-m transect.

One hundred and twenty-two species of microfungi were isolated from these study areas. Forty-

two species occurring in the birch community were absent from the spruce community in which a

total of 80 species occurred at varying densities. Parallel to this natural area a disturbed area

iilso 200 m long was sampled. This area had all the trees and underbrush removed by bulldozing.

Reportedly, the litter present was turned into the mineral soil.
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Table XLIII. Microfungi and bacteria counts from soils on the hot

pipe and control sites.



Table XLIV. Density (%) figures for major species components in

hot-pipe experimental area.

% Density

Isolate Control Disturbed

f 5



Table XLV. Site comparisons.

Site



biomass. While the tundra is not species poor in fungi relative to taiga, it contains fewer active

decomposers. Again, all the figures are not available but it seems that the number of active fungal

decomposers decreases northward, so that at Prudhoe Bay five fungi account for 58% of isolates.

At Barrow five organisms account for 45% of isolates. The alpine tundra site at Eagle Summit, in

the midst of a ta^a area, has a high number of species but three organisms account for 72% of

isolates. Based on percent density figures, 53% of the active decomposers at College is accounted

for by eleven species.

The tundra and taiga species lists of fungi are continually growing as new soils are examined.

Sixteen species of cryophyllic fungi have been recovered from tundra soils. These organisms will

grow well at temperatures of 2 to 5°C. This summer's work will more than double the list of micr-

fungi species recorded for Alaska. Many of the genera are also new records for these latitudes.

Information on the occurrence, association and distribution of fungi in Alaska will soon be available

when figures are finally correlated with study sites and the higher vegetation.

Soil nutrients

The availability of soil nutrients and its temporal variation due to surface disturbances is of

considerable importance from the standpoint of natural or man-induced revegetation. In order to

assess the short-term responses of soils to disturbances, their nutrient statuses were investigated

at several sites in the Fairbanks area and Prudhoe Bay. Results of the Prudhoe studies were

briefly discussed in a previous section. The two sites in the Fairbanks area represent character-

istics and terrain for the interior. Four plots were established in the lowlands of the Poker-Caribou

Creek watershed on a southeast slope consisting of a black spruce bog. Four 6-m-square plots,

separated by 6-m buffer strips were established on the same elevation contour. Selected treatments

applied to each plot were: control; stripped and tilled; stripped, tilled and fertilized with 400 lb/acre

of 20-10-10 and 8-32-16 fertilizer each. The stripping treatment removed all green vegetation including over-

story trees, underbrush and surface cryptogams. The tilling treatment involved cultivating the sur-

face organic matter with a rake. Fertilizer was broadcast by hand on the plots. Because of limited

time and personnel, the treatments were not replicated. Personnel under the supervision of C.S.

Slaughter (USA CRREL) assisted in establishing the plots.

The Fairbanks bog plots were located near the University at College, in a site where pipeline

trenching studies had been conducted during the winter of 1968-1969. During trenchir^ operations

the surface vegetation was removed exposing the subsoil wganic matter layers. Two sampling

sites were located in this area: one in an undisturbed paper-birch forest on the edge of the bog and

the second in an immediately adjacent stripped area.

Field soil sampMng procedures, processing of samples and analytical nutrient determinations

were the same for material collected from the various study areas. Soil saturation extracts were

analyzed for nitrate (phenoldisulfonic acid method), phospliate (stannous chloride method) and

glucose (glucostat procedure). Results are expressed as milligrams nutrient per gram dry weight

of sample at the field moisture content. Sampling and analytical procedures were similar to those

utilized at Barrow.

In general, the concentrations of nutrients at all sampling sites were low and no consistent

seasonal trends are evident between disturbed and control samples (Table XLVII). More intensive

sample collections over time might disclose trends in nutrient concentrations not evident at this

time. Nutrient concentrations were not consistently different between Fairbanks bog-stripped and

control plots. The Poker Creek samples also showed no consistent trends in nutrient concentrations

during the sampling period. Concentrations of glucose at all sites weregeneraUy low. The high

glucose concentration in the September 2 Poker Creek control sample may indicate contamination

by animal droppings. There is need for more frequent replicated sampling and concurrent acquisi-

tion of environmental data such as soil temperature. Although initial responses to the several mani-

pulations are not dramatic, cumulative effects over several seasons may prove significant. These
observations are being compared with other soil nutrient studies throughout the interia.
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Table XLVn. Concentrations of selected nutrients in disturbed and

undisturbed taiga soil.



Site C. This is a small shallow tundra pool that is floored with a layer of fine-grained, water-

sorted particles with an abundance of vegetative detritus. Both emergent and floating aquatic

plant species were present.

Site D. This is another small tundra pool very close to site C, but supporting an entirely

different set of aquatic plant species. This pond has a very prominent blue-green ilgal mat on the

bottom.

Site C. This is a characteristic alpine site well above the shrub tundra. The soil is rich with

humus and moisture, but here and there it is interrupted by natural disturbances producing very

different habitats and therefore supporting a variety of tundra plant species. There is very little

overlap of species distribution between this site and those below.

Site F. This is a kettle pond which is now shallow and probably dependent upon surface

runoff to maintain even its present level. The upper portion of its steep sides is covered with the

same species as compose the surrounding tundra. The lower area supports an entirely different

assemblage. The floor of the kettle has emergent and submerged aquatic plant species.

Plants in each study site were tagged, herbarium specimens taken, in situ photographs taken,

and sketches prepared. The plants were then removed and set up for nitrogen fixation testing as

described in the Barrow section of the report. Acetylene-reduction was the principal method used,

with back-up nitrc^en fixation tests using nitrogen-15. Pond water samples were tested both

unconcentrated and concentrated through a 10-micron screen in a plankton concentrata. Incubation

was carried out under conditions closely approximating natural. A full range of blanks and controls

was included. Representative lichens from each site were collected and tested similarly for nitrogen

fixation.

The results shown on table XLVIII indicate nitrogen fixing activity associated with a variety

of plants. Table XLIX is a list of plants showing no acelylene reduction activity. Several lichens,

all belonging to groups with blue-green algae as the algal phycobiot, appear to be major contributors

to the nitrogen budget. Blue-green algae from the tundra and tundra ponds are also extremely active

nitrogen fixers. Oxytopis, a legume, also showed high rates of acetylene reduction. Dryas in site

A also reduced acetylene, althoi^h the rate was low. On a unit biomass basis, the lichens and

blue-green algae are by far the most effective, when the relatively small plant size tested is taken

into account.

The ubiquity of nitrogen fixation at pond site C and the low rates suggest that perhaps blue-

green algae attached to the plants in small numbers may be responsible. The results of the nitrogen

15 work will help in interpreting these results. The high sensitivity of the acetylene reduction

method results in positive results where small numbers of contaminants are included in the sample.

On theotherhand, the frequent appearance of Carex sp. in connection with positive results requires

further invest^ation. Similarly, the positive results associated with Sparganium miniumu at

site D are surprising.

Analysis of these results on a site by site basis suggests that nitrogen fixation is important

on exposed wind-strained ridges, where soil buildup is very limited (site A). A lower, well-vege-

tated area (site B) had fewer nitrogen fixing components. However, even in such an area, the

extent of nitrogen fixation of lichen cover under the taller vegetation could be considerable. In

the aquatic environments, nitrogen fixation appears to be an important input.

At this point, it is not possible to estimate the percentage of the daily nitrogen input with

tundra plants supplied by nitrogen fixation. The information obtained during this summer suggests

that it is a very significant proportion in some of the environments. Since blue-green algae steadily

release ammonia and organic nitrogen compounds within the environment, these at least may provide

the nitrogen source for other contiguous plants.
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Table XLVIII. Nitrogen fixation by terrestrial ecosystem components

alpine tundra.

Equivalent At%
Ethylene produced N fixation excess''

(/imoles/hr) x 10"^ (/ig-at/hr) x 10"^ 15^

Site A

Loiseleuria procumens .029 1.8

Dryas octopetala 0.14 9.3

Oxytropis (nigrescens )? 8.2 540.0 0.02

Peltigera aphthosa (L) Willd. 547.0 364.0

Stereocoulon sp

.

42.8 28.5

Stereocoulon sp

.

142.0 94.6

Site B

Nephroma arcticum (L.) Torss. 2.3 152.0

Site C

Carex cancocens 0.014 1.0

Hippurls vulgaris 0.14 9.4

Potentilla palustris 0.058 3.8

Eriophorum scheuchzeri 0.106 7.0

Carex aquatilis 0.082 5.4

Site D

Sparganium minimum 0.35 22.0

Nostoc sp. 6.3 420.0 4.41

Pond Water 0.058 3.8

Site E

Oxytropis scammaniana 0.031 2.0

Saxifraga oppositifolia 0.062 4.2

Site F

Carex saxatilis 0.029 1.8

Viola epipsila 0.026 1.8

Star Moss 0.041 2.8

Miscellaneous

Anabaena sp. 0.38 24.0 53.91

Nitrogen-15 results only:

Site C pond water concentrate 0.581 at% excess

* Only a limited number of these have been processed to date. Many more

will appear in the final report.
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Table XLIX. List of plants tested for N fixation which showed no

evidence for acetylene reduction activity.

Site A

Arctostaphylos alplna
Vaccinium ullginosum
Salix arctica
Rhododendron lapponlcum
Alectoria (4017)

Cladonia (4012)
Cladonia (4011)

Cetrarla islandica (L.) Ach . (4007)

Cetrarla cucullata (Bell.) Ach. (4009)

Sphaerophorus globosus (Huds . ) Vain. (4021)

Cetraria nivalis (L.) Ach. (4023)

Cetraria tilesii Ach. (4018)

Asahinea chrysantha (Tuck.) W. Culb . and C. Culb . (4015)

Thamnolia subuliformis (Ehrh . ) W. Culb. UV and (4016b)

Alectoria (4019)
Cladonia in tundra pool, saturated but no standing water (4004)

Umbilicaria (4030)
Solorina crocea (L.) Ach. (4002)

Baeomyces roseus Pers . in kettle, sloping side (4005)

Rhizocarpon geographicum (L.) DC. (4026)

Alectoria (4024)

Site B

Vaccinium uliginosum
Ledum decumbens
Betula glandulosa
Pedicularis labradorica
Equisetum sylvaticum
Polygonum bistorta
Carex bigelowii
Cetraria richardsonii (Hook.) (4031) Site B dwarf birch tundra

Dactylina arctica (Hook.) Nyl. (4028) Site B open dwarf birch tundra,

well-drained area

Site <:

Acetylene reduction activity was measured in connection with all plants
from site C. However, some of the production rates were low, and pending
N-15 confirmation, acceptance of nitrogen fixation activity by the plants

must be tentative. Contaminant blue-green algae included with the plant

in the experimental containers seems possible in these aquatic samples.

Site D

Juncus castaneus
Ranunculus aquatilis
Petasites frigidus
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Table XLIX. (Cont'd)

Site E

Dryas octopetala
Diaspensia laponnica
Silene acaulis
Syntherls borealis
Astragalus umbellatus

Site F

Ranunculus reptans
Potamogeton sp

.

Cladonia (4036)

Peltigera malacea (Ach . ) Funck (4035)
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APPENDIX A: SAMPLING SCHEDULE

Month

Table AI. Site 1 plots and sample schedules

Plot number
106 107 111 112 113 114 115

^""•6 7) (core 9) (core 11) (core lB)(core 4)
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Production (June)

(July)

(Aug)

30 30

IQ 20 30

9 19 29

30 30

10 20 30

9 19 29

Plant nutrients (June)

(July)

(Aug)

20 30

10 20 30

9 19 29

20 30

10 20 SO

9 19 29

Leaf area index (June)

(July)

(Aug)

Chlorophyll (June)

(July)

(Aug)

3D 30

10 20 30

9 19 29

20 30

10 20 30

9 19 29

Caloric (June)

(July)

(Aug)

20 30

10 20 30

9 19 29

20 30

10 20 30

9 19 29

Extinction (June)

(July)

(Aug)

Carbohydrates (June)

(July)

(Aug)

Lipids
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APPENDIX B: THE BARROW WORD MODEL

The International Tundra Steering Committee of IBP has recommended

that a narrative description or word model be prepared for each national

site. This word model revised in September 1970, summarizes the current

understanding of how the wet arctic tundra ecosystem is structured and

how it functions. Such word models permit initial circumpolar compari-

sons among sites and provide the basis from which predictable models will

be constructed. The following represents the contributions of numerous

U.S. scientists who have carried out independent research at Barrow over

the years

.

The arctic tundra near Barrow, Alaska, encompasses a complex of habi-

tats arrayed along a moisture-dominated gradient. Vegetation and soils

are distributed along micro-, meso-, and macro-environments according to

type and size of polygons, regional relief, and land form type. These

range from upland meadow communities (arctic brown and upland tundra

soils) to wet meadow and marsh types (meadow and bog soils) to emergent

aquatics (hydrosols) and open water in small ponds and lakes. Ponds, an

integral aspect of all principal habitats, show various stages of succes-

sion resulting from both filling and erosion. Large shallow lakes occupy

30% of the area north of 71° latitude. These vegetation, soils, micro-
relief and aquatic environments form a complex mosaic which influences

plant productivity and animal population and diversity throughout the

year. Ridges, polygon tops, and slopes commonly contain in decreasing
order of occurrence Carex aquatilis , Petasites frigidus , Salix pulchra

,

Arctagrostis latifolia , Poa arctica , Luzula confusa , Salix rotundifolia ,

and Erlophorum scheuchzeri . Dupontia f isherl , Carex aquatilis , Eriophorum
angustifolium and E^. scheuchzeri , Petasites frigidus , and Poa arctica
occur in meadows and wet polygonal troughs . Arctophila fulva is found in

shallow ponds

.

Primary production during the 45- to 90-day growing season is con-

trolled by a combination of temperature, soil moisture, day length and

nutrient supply. Production varies from a low of approximately 20 g dry

weight/m on dry exposed ridges and eroding high center polygons to maxi-

mum values of 200 g/m^ in wet terrestrial habitats. Thus, the more pro-

ductive habitats on micro- and meso-scales are near the wetter end of the

soil moisture gradient (meadows and polygon troughs) . The mean above-
ground production for all community type ranges between 70 and 110 g/m .

This is associated with a live leaf area index of about 1.2. The majority
of this leaf area is positioned within 5 cm of the soil surface. Maxi-
mum production is usually attained 50 days after snowmelt, although some

leaf senescence at the bottom of the canopy occurs 30 days after snow-

melt. All habitats are controlled by the presence of permafrost (0°C

ground temperature or colder) near the surface throughout the growing
season.

Especially significant to the amount of seasonal primary production

are the climatic conditions of the first two or three weeks of the growing

season, the previous summer's stored reserves, and environmental factors
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affecting photosynthesis. Photosynthesis on a daily basis is efficient

due to the long photoperiod and generally low temperatures . During the

"night," however, and particularly in the lower levels of the canopy,

carbon dioxide uptake is limited by the availability of light. At these

lower levels senescence is initiated by July 15. Carboxylation in all

species is mainly with ribulose, 1-5, diphosphate as substrate. Grasses
all show a high carbon dioxide compensation concentration, a pronounced
oxygen inhibition, and a low light requirement for saturation. Within
species, photosynthesis varies as a function of leaf position, age, and

season. Maximal rates or capacities of CO2 uptake are low in the

grasses due apparently to a high diffusion resistance or possibly a slow
rate of translocation.

On all terrestrial sites, but particularly on the wetter meso-sites,

production is directly influenced by the slow decay of undipped standing
dead material. It is hypothesized that the availability of nutrients to

plants for growth is modulated by the lemming population through accumula-

tion and storage of certain elements (N, K, P) in, and their ultimate re-

lease from, feces and other dead organic matter. The lemmings, by clip-

ping the slowly decomposing standing dead hasten nutrient release as the

newly fallen litter decomposes faster than the standing dead.

The long-term rate of total decomposition in the Barrow area is ap-

proximately equal to production, although initial rates of organic
matter accumulation on recently drained lake beds are rapid. Based on

radiocarbon evidence, depth of thaw measurements, and the absence of

widespread organic terrain, organic accumulation and decomposition under

uniform climatic conditions are assumed to reach a steady state within a

relatively short period (presumably less than 100 years). Although the

rate of organic decomposition is slow, wetter habitats show higher rates

of nutrient loss through decomposition compared to better-drained, drier

habitats

.

Tundra decomposers are limited by cold temperatures, shortness of

season, low inorganic nutrient concentrations, and in the wetter soils by

anaerobic conditions. Three microbial zones are easily recognized within
the active layer: surface organic, mineral and buried organic layers.

The bulk of the microbial biomass and activity is located and takes place

within the surface layer of grass roots, mosses, litter, and peat. Early

in the summer bacteria are active in decomposing dead plant material,

plant exodate, and sloughed off root material. Less actively decomposing

peat is found at the lower portion of the surface layer. During mid

summer, there is an increase in the quantity of yeast and filamentous

fungi and slight decrease in the bacterial flora. The microflora is

largely psychrophilic, although optimum growth temperature of the majority

of the microbes is around 20°C . The most common bacteria observed are

gram negative rods which belong to the genera; Pseudomonas , Achromobacter ,

and Flavobacterium . Yeast are present in unusually high numbers and blue-

green and green algae are present in significant numbers in the soil.

There is little organic matter in the mineral layer; therefore, the

microflora has a low biomass and activity. There are few algae, yeasts
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or filamentous fungi. The bacteria in this layer are taxonomically

similar to the surface bacteria.

The buried organic layer is not continuous, but where present there

is a greater biomass than was observed in the mineral layer. Much of this

population consists of strictly anaerobic bacteria on the poorly drained

areas. There is little sulfate in tundra soil so sulfate reduction is not

significant rn situ but methane production which results from organic

matter decomposition may be a significant drain on the energy and carbon

in the tundra.

Annual production rates for the tundra ponds and the lakes studied

are very low compared to most temperate-zone water. Many of these small

ponds receive seasonal influxes of organic matter (clippings, fecus

,

soluble organic), especially during the spring runoff. During the summer,

thermal erosion of organic-rich permafrost also contributes to lake and

pond filling. Approximately 25% of the total seasonal lake production

occurs beneath the ice before and after the spring thaw and after freeze-

up. Production appears limited by a short growing season, low solar

intensity during the growing season and nutrient deficiencies, especially

for phosphorus

.

The most conspicuous feature of the consumer compartment of the eco-

system is the three- to five-year population cycles of large amplitude
in the brown lemming (Lemnus trimucroratus) , the dominant herbivore.

Numbers of lemmings vary from about 1 to 250 per ha. Insect herbivores
are uncommon and other vertebrate herbivores which may be important at

other tundra sites are here uncommon (other species of microtine rodent;

caribou; geese) or absent (ground squirrels). In the absence of other
significant herbivores, variation in lemmings density results directly in

variation in the grazing process. When lemmings are scarce, vegetation
accumulates as standing dead in the plant canopy. As the lemming popula-

tion builds in the winter and spring preceeding the high, much of the

vegetation is cut. Only a relatively small amount is consumed; most is

converted directly to litter. The litter may be redistributed during
spring melt-off, being removed from raised areas and concentrated in

lower areas, ponds, and polygon troughs. This also produces a pulse of

organic matter entering the saprovore-based food chain.

When lemmings are abundant, snowy owls and Pomarine jaegers breed in

large numbers, and least weasels increase markedly in abundance. In

other years these predators are scarce or absent. Ermine and both Arctic

and red foxes are present, especially in lemming-high years, but are

never abundant.

Plant litter, animal carcasses and feces form the input into saprovore-

based food chain. The most important saprovores are collembola, orbatid
mites, and diptera larvae, especially Tipulidae and Chironomidae . Tipu-

lidae reach densities of AOO/m"^ and biomass of greater than 0.5 g dry

weight /m .

The soil saprovores are consumed by an array of carnivorous arthropods

(mites, beetles, hymenopterans , spiders, some diptera larvae). Both the
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saprovores and the carnivores support the other important group of verte-

brate consumers, the "insectivorous" birds. Of these, the "shorebirds"

(sandpipers and plovers) are the most diverse and abundant.

ABIOTIC VARIABLES

INCOMING ENERGY

I
-w- Increasing Moisture

1



APPENDIX C: PROVISIONAL CHECKLIST TO PLANTS FOUND IN THE
VICINITY OF BARROW AND PRUDHOE BAY, ALASKA

(These taxa are, in many cases, not yet substantiated by specimens)

Larry Tieszen

Virginia Wells

Phyllis Kempton

JoAnn Flock

Augustana College

University of Alaska

University of Alaska

University of Colorado

Barrow Prudhoe Bay

Vicinity IBP sites Vicinity IBP sites

Vascular Plants

Equisetaceae



Carex consimilis

Carex glareosa

Carex ramenskii

Carex subspathaceae

Carex ursina

Eriophorum angustifolium

ssp. triste

Eriophorum russeolum

ssp. rufescens

var. slbidum

Eriophorum scheuchzeri

Eriophorum vaginatum

ssp. spissum

June aceae

Juncus biglumis

Luzula arctica

Luzula confusa

Luzula tundricola

Salicaceae

Salix alaxensis

Salix arctica

Salix arctolitoralis

Salix tuscescens

Salix ovalifolia

Salix phlebophylla

Salix polaris

Salix pulchra

Salix reticulata

Salix rotundifolia

Polygonaceae

Oxyria digyna

Polygonum viviparum

Rumex arcticus

Caryophyllaceae

Arenaria peploides

Arenaria rubella

Cerastium beeringianum

Cerastium jenisejense

Melandrium apetalum

ssp. arcticum

Sagina intermedia

Silene acaulis

Stellaria ciliatosepala

Stellaria crassifolia

Stellaria edwardsii

Stellaria humifusa

Stellaria laeta

Barrow



Barrow

Vicinity IBP sites

Prudhoe Bay

Vicinity IBP sites

Ranunculaceae

Anemone parviflora

Caltha palustris

ssp. arctica

Papaver hultenii

Papaver lapponicum

ssp. occidentale

Papaver macounii

Ranunculus gmelini

Ranunculus hyperboreus

Ranunculus nivalis

Ranunculus pallasii

Ranunculus pygaeus

ssp. sabinei

Ranunculus sulphureus

Cruciferae

Braya purpurascens

Cardamine belliditolia

Cardamine hyperborea

Cardamine pratensis

Cochlearia ofticinalis

ssp. arctica

Draba alpina

Draba bellii

Draba chamissonis

Draba cinerea

Draba [ladnizensis

Draba lactea

Draba macrocarpa

Draba nivalis

Draba oblongata

Eutrema edwardsii

Saxifragaceae

Saxifraga bronchialis

ssp. (unstonii

Saxifraga caespitosa

Saxitraga cernua

Saxi/raga (lagellaris

ssp. piatysepa/a

Saxifraga foliolosa

Saxifraga hieracifolia

Saxifraga hirculus

Saxifraga nivalis

Saxifraga oppositifolia

Saxifraga punctata

ssp. nelsoniana

Saxifraga rivularis

Clirysosplenium tetrandrum

X
X

X
X

X

X
X
X

X

X

X
X
X

X
X

X
X
X
X
X
X
X
X

X
X
X

X
X
X
X
X
X

X
X
X

X

X

X

X

X

X

X
X

X

X

X

X

X

X

X
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Barrow Pnidhoe Bay
Vicinity IBP sites Vicinity IBP sites

Rosaceae

Dryas integrifolia



Barrow

Vicinity IBP sites

Chrysanthemum integrifolium

Erigeron eriocephalus

Petasites [rigidus

Saussurea viscida

ssp. yukonensis

Senecio atropurpureus

X
X

X

ssp. frigidus





APPENDIX D: BARROW INTENSIVE SITE VISITORS-SUMMER 1970

Biome Review Group

John Buckley

Chuck Cooper

David Gates

David Goodall

Bruce Hayden

John Hobbie

Al Johnson

Phil L. Johnson

George Llano

John Milton

Office of Science and Technology (observer)

National Science Foundation (observer)

Missouri Botanical Gardens
.Utah State University

University of Wisconsin

North Carolina State

San Diego State CoUege

University of Georgia

National Science Foundation (observer)

Conservation Foundation

Visitors - Non-project participants and other than NARL resident projects

Donald Aitken

Yvonne Aitkens

Dick Berg

Basil Bradbury

Tom Brennan

Max Brewer

Max Britton

Deltev Bronk

Bob Buckman

Al Condo

John Cooper

Fred Dean

Don Dedera

Steve Dice

Dick Dickerman

Tom Gaskill

James Hammond

Bob Harris

H. Hoinkes

George Howard

Art Joens

Art Lachenbruch

Geoffrey Larmime

Peter Morrison

R. Odsather

Don Parsons

Lou Quam
Bill Quinn

John Schindler

Dick Schwendiger

BiU Shain

Phil Smith

Lowell Thomas, Jr.

Les Viereck

Gerd Wendler

Wendy Wolff

Jim Zumberge

John Muir Institute

University of Alaska

USA CRREL
University of Alaska

Atlantic Richfield Co.

Naval Arctic Research Laboratory

Office of Naval Research/Arctic Institute of North

America

National Academy of Sciences

U.S. Forest Service

Atlantic Richfield Co.

British Petroleum

University of Alaska

Humble Oil and Refining Co.

Office of Chief of Engineers

U.S. Forest Service

British Petroleum

Humble Oil and Refining Co.

U.S. Forest Service

Innsbruch, Austria

Pan American Petroleum

Humble Oil and Refining Co.

U.S. Geological Survey

British Petroleum

University of Alaska

Atlantic Richfield Co.

Office of Chief of Engineers

National Science Foundation

USA CRREL
Naval Arctic Research Laboratory

Alyeska Pipeline Service Co,

Atlantic Richfield Co.

National Science Foundation

University of Alaska

U.S. Forest Service

University of Alaska

Atlantic Richfield Co.

University of Arizona
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APPENDIX E: DATA PROCESSING AND STORAGE

Eve Porter* University of Alaska
Bob Porter and staff Data Processing Section, Geophysical Insti-

tute, University of Alaska

In order to process the immense amount of information collected in a

program such as this, a considerable effort went into data handling.

Data processing at the University of Alaska was initiated in June 1970.

Staff of the Geophysical Institute's data processing section were re-

sponsible for this phase of the program. The objectives were to make

processed data available to the investigator shortly after acquisition

of the raw input and to provide statistical and other analytical manipula-

tions of the data so that early inferences could be drawn from the studies

and comparisons made among subprojects. Unfortunately the design of the

data system began concurrently with the field program without the lead

time necessary to design the optimal system. This was necessitated by

lack of sufficient funds early enough in the 1970 program. As a result,

the first goal of rapid turn-around was achieved by the middle of the

summer for most Barrow subprojects. The second goal is still under pur-

suit. Limited preparation time, personnel, and funds required setting

a priority on data processing. Only the Barrow projects which shared

common sample periods and sites received top priority treatment in the

data processing system. Other projects are now being serviced. By next
summer all projects should have equal access to the data processing
services

.

The first step in the process was the design of format input sheets
for each subproject. Field data were transferred to these format sheets

at Barrow and mailed to College. The data were edited and key punched.

As programs became available the data were processed. For optimal opera-
tions, a four-day turn-around was common during each 10-day sample interval,

There are approximately 65 subroutines and 15 mainline processing pro-

grams, consisting of about 16,000 source cards. All programs are written
in FORTRAN IV or Assembler Language for the IBM 360 Model 40, and have
been compiled on DOS Release 21. All programs can be supplied as cards,

listings, card image tape, or as a restore tape for an IBM 360. The

system is designed with a view to later implementation as a random access
retrieval file in order to facilitate cross-correlations between the many

different kinds of data collected in the Tundra Biome. The data are

entered into the system on punched cards, each sample or sample group

being identified by a unique identification number, and each type of data

being assigned a "data type" number which is intended to meet U.S. IBP

interbiome data banks criteria.

All data are heavily edited before being entered into the system for

processing, to assure where possible, that the date, site identification,
and the data itself are reasonably within the limitations of computer

^'Principal author.
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Table EI.

SPECIES NaMe=C.&OUATIL IS SAMPLE DATE YB=Tn MUN= 7 0AY=21

FDAME Nll»BEII= 1. FRAHE INCLINATION^ 32.500 DE5. HEICHT= 20.100 C". NUMBER UF P1NS= 273.

KUIE If "OPE THAN ONE FRAME ANO/UR ONE SAMPLE DATE IN THIS RUN THE DATA INDICATED ABOVE IS FROM THE LAST DATA TO ENTER COMPUTER.

THERE ARE 7 PL OI/OUAOR AT S IN THIS SITE MHICH HAVE THIS SPECIES. THEV ARE LISTED ON THE NEXT L I Nf I S 1

.

101 102 103 (.11 b',', 615 752

NUMBER OF CONTACTS
HEIGHT



Table EII.
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Figure El.

regression on the calibration curve. Output consists of a graphi-

cal presentation of each calibration curve requested, nutrient
analysis, and grains per square meter as requested on the input

instruction card.

Soil Nutrient (Table EIV) . Soils data were collected in cores,

and preliminary laboratory analysis was performed at Barrow with
further analysis at Berkeley. These data consisted of soils

classification information, and detailed information on wet/dry
weights and chemical composition. The programs provide calcula-
tions resulting in comprehensive data on soils structure and

composition. ECOSNDST provides means, standard deviations and

number of samples for each variable of samples within the set

of selected plots for a given data and depth layer.

Soil temperature. Data consists of calibration values for each

thermistor and depth at which block is buried. Given the block
number, the programs return values of depth, temperature coeffi-
cient, and location, and converts meter readings (resistance) to

degrees C.
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Table EIII,

OkJk DEF. LQC.
NURSeO S/P/0

<.03»3 2 7

*03'>3 2 10

S»".0»TE PERCENT Of ELEHENI OR GR«»5 PES SO.

«/0/y SPECIES NAME CnMMENTI SAMPLE > CA F£ K M&

7/15/70 E.ANGUSTIFOL UU SAMP 2 ^'t O.IOIO 0.0 0.7006 O.IZS")

7/15/70 E.ANGUSIIFOL LU SAMP 21S GSM. 0.02383 0.0 0.1652* 0.02171

METER (••••••••

0.0069
0.00209

0.1 779
0.0*195

;NOT AVAILABLE)

0.0027 2.5*52
0.00065 0.60031

*0355
40355



Table EIV(2)

.

sou DAT*
SOIL NUTRIENT ANALYSIS --

PEOOLOGT AND NUTRIENT CYCLING
AlUOb.
SOIL HQISTURE AND CHEMICAL DATA SAMPLE DATE 7/16/70

SAMPLE



Table EIV(4).

SOIL 0»TA -



Table EV.

SOO SAMPLfS - TIPUllO«E,»USCID«E - SITE -

0«TE
SPECIES



Table EVI

,

OePIH OF THAW SruOY

PLOT DATA, RAORDH, AL^SKft 7/l<./70 SITE 2

2 1 2 2 23 2't 2^ 26 27 2B ?9 2 10 226 227 228 229 2i0 231 232 233 23* 23^ 236

1



In addition to the current season's data processing, a second data-

handling activity has been active over the past 14 months. This involves

the past 15-20 years of environmental data from the Barrow area. All

abiotic and biotic data from major studies are being retrieved and stored

on punch cards and tapes at San Diego State College under the direction of

Coulombe and Brown. A report covering a six-month period in 1965 was pub-

lished this summer as an example of summarized weekly data. Complete

documentation of this project will be available separately.
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