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The Department of Botany of The University of 'fennessee is conducting 

I a study of the plant ecology of Amchi tlca Island, Alaslca, as a subcontractor 

m 
for Battelle Hemorial Institute of Columbus, Ohio. The primary purpose of 

the studyis the gathering of basic infonnation on the plant ecology of the 

m island which will allolv the prediction and asses~nnent of the consequences 

of underground nuclear testing by the U. S. Atomic Energy Commission. 

m Field 1vork during the fall (1967), 1vinter and spring (1968) has progressed 

m 
( 

to the point where a vegetational continuum has been recognized across most 

of the maritime tundra ecosystem of the island. Within this continuum, 

m \, which corresponds to a moisture gradient from standing 1vater to relatively 

1-m 

well drained ~ubstrate, the t1vo topo-environmental units 1illich have been 

recognized are poorly drained lo1vland tundra and better drained upland 

D 
tundra. The t1vo units are primarily divided by the aspect dominance of 

''mesophytic" grasses in the upland unit. Both of these vegetational units 

D gr<:nv on a substrate of peat 1illich diminishes in depth and extent as better 

--I 
I drained concli tions are encountered. 

D ...... 
LO 
00 ·The third topo-envi ronmental unit, the beach community~ domina ted by 
f'o 
N 

I c.o 
0 
0 
0' 
LO 

grasses, occurs on a mineral substrate, and is disjunct from the moisture 

gradient mentioned in the preceding paragraph. 

D 
LO 
f'o 
M The tundra continuum exists in a dynamic state as peat accumulation and 
M 

i 

DC 
. ___ I movement on local topography causes drainage changes. Because of the dynamics 

of drainage rates and patterns, such plant succession as does occur is l)lUl ti-

u directional. A flora poor in species and the acid peat substrate contribute 

to a rather slo1v recovery from natural and man-caused disturbances, as 
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evidenced by the incomplete recovery of areas di;;r(:.urbed:>by ini1i tary occu-

pation during \~orld \~ar II. 

The amount of change in the vegetation which >vill result from under-

ground nuclear test shock >vill depend on the magnitude of shock and the amount 

of moisture in the peat substrate at the time of the testst The wetter the 

peat, the more likely it is to move under shoclc A rapid movement will 

cause greater alterations in drainage patterns 'vhich vill be reflected in 

plant connnunity shifts to,vard more mesophytic or hydrophytic expressions. 

In the absence of catastrophic shock or the release of radioactivity; the 

long tenn effects of the current construction and nuclear testing will be 

similar to the effects of the military disturbance, although perhaps of 

longer duration. 

Activities planned during F.Y. 1969 include the further definition of 

connnunities, a more complete collection of plants than >vas possible during · 

fall~ winter and spring seasons, and the preparation of a vegetation map 

using aerial photographs and controlled sampling. Portions of the landscape 

\vhich are likely to be altered by severe ground shock will be delineated 

appropriately. 
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:I INTllODUCTION 

'D 
Under contract with Battelle Nemorial Institute - Columbus, Ohio, 

0 Laboratories, and The University of Tennessee, tl1e Department of Botany 

I 
has been conducting studies on the plant ecology of Amchitka Island, 

. Alaska, a Supplementary Test Site of the U. S. Atomic Ener.gy Commission. 

I The study of ilie plant ecology of Amchitka was undertaken for two 

priucipal reasons:· (1) To provide baselevel information on the plant 

I ecology of the island in keeping 1\'i. th the objectives of the Bioenvironmental 

I 
Safety Program established for the_Supplementary Test Site and to predict' 

the impact of the activities associated lri th ·the development and use of 

me the Supplementary Test Site, and (2) to take advantage of well developed 

logistical and multidisciplinary support to study an area little kno>m 

I from an ecological point of view. 

u 
The specific .:objec·bi ves of· the plant ecology study include: (1) An 

inventory and collection of the vascular and cryptogamic flora, 1ri th 

I specimens to be deposited in ilie herbarium of The University of Tennessee 

and duplicates. to go to the U.S. National Herbarium, (2) Definition and 

0 mapping of consequential landscape units based on aerial photographs, 

u (3) Investigations of the processes and dynrunics of the vegetation, 
., 

including studies on productivity and successional patterns, and (4) Investi-

I gations of the effects of man 1 s past and projected activities on the terres-

trial ecosystem and the probable consequences of underground nuclear 

Dt testing, including any acceleration of processes leading to plant 

0 
community shifts. 
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During the period September 1967 through the end of FY 1968, the 

Department of Botany of Th.e University of Tennessee has conducted research 

on Amchi tim Island under contract purchase order V393 for Battelle Hemorial {U 

Institute of Columbus, Ohio. Investigators from The University of 

Tennessee have spent a total of 24 seven-day man weeks on Amchi tka during ·[U 

this 43-1-reek period'~ Qualitative and quantitative researches on the 

terrestrial plant ecology have been carried on under autumnal, hibernal, 

and vernal conditions~ 

The aestival period has not yet been covered, but extensive observations 

and restricted sampling in mostly dormant plant communi ties have been 

carried to the point where a generl!l'l discussion of landscape units and 

dynamics is possible'~ An aerial photographic survey of the island is 

currently beiug conducted for the U. S~ Geological Survey. 'l'he photographs 

from this survey~ along with quantitative analyses of comtn'..Inity structure 

and com~osition during the coming growing season, will provide data Which 

1rill fit into the present framework of the Amchitka ~errestrial ecosystems 

and allow the description and mapping of consequential landscape units 

along with more detailed discussions of patterns and processes which have 

been or are likely to be altered by continuing activity on the island. 
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The Terrestrial Landscape of Amchitka.Island 

Previous to the initiation of this current study, in the fall of 1967, 

little detailed information on or interpretation of the terrestrial 

ecology of Amchi tlm Island 1vas available. The flora had been studied by 

Hult~n, Shacklette, Sharp, and others, but the dynamics of the terrestrial 

ecosystem had received only brief consideration. 

The Amchitka landscape can be considered an expression of a maritime 

tundra ecosystem,
1 

characterized by cool, cloudy summers and relatiYely 

warm "lvinters. In spite of certain seasonal similarities tO bette.r known 

subarctic landscapes, Amchi tka is not. subarctic, either geog:titphically 

or enYi ronmt;;ntally. The use of the term tundra follows the definition of 

Hanson (1962) 
2 

and should include the qual1fication that, although there 

is no permafrost, often i~cluded as a characteristic of tundra (Tedro•v- and 

Cantlon 1958) 
3 

there is a widely distributed, nearly impervious li thified 

breccia which retards or preYents the deep percolation of 1v-ater over large 

areas of the island. A "lvidely distributed and rather deep peat occurs 

over much of the island. This peat has been obserYed solidly frozen to a 

depth of some t1vo feet in mid"lvinter, but the peat was entirely frost free 

by the first of Nay 1968. The presence of both stein streifen and amorphous 

solifluction patches indicates the importance of frost action on poorly 

vegetated or unvegetated areas. Some of this frost action is diurnal, but 

1. 

2. 

3. 

The term "oceanic" is occasionally used as a synonym for "maritime" to 
describe this type of landscape, but the problem in this case is semantic. 

"The treeless land in arctic and alpine regions ... consisting of grasses, 
sedges, forbs, dwarf shrubs, mosses and lichens." Hanson, H. C. 1962. 
Dictionary of ecology. Philosophical Library, New York. 

Teclrmv, J. C.F. and J .E. Cantlon, 1958. .Concepts of soil formation and 
classification in Arctic regions. Arctic 11(3):166-179. 



freeze-thaw· cycles of several \veel{s duration have been observed·. 

The vege~ation on the island reflects in large part the (lifferential 

drainage occasioned by the combinations of the gleyed, li thified breccia 

and the peat accmnulations on local topography. Except for the relatively 

"dry" beaches ••hich are dominated by a graminaceous connnuni ty on a mineral 

substrate above the high tide marl{, the composition and structu:r:e of the 

vegetation are responsive to the degree of restriction of ombrogenous 

water drainage. 

For purposes of classification, the vegetation of the isl,and, dis-

regarding the beach community mentioned above, is a structural and 

compositional continuum along a moisture gradient from sedentary full bog 

to \vind desiccated grass--sub-sh1.i1b stripe connuuni ties at the drier and 

higher end of the gradient. For convenience, this clinal tundra ecosystem 

can be divided into t\vo topo-envi ronmental categoric s or units·, (1) poorly 

drained low'land, and (2) relatively \veil drained upland. 1'he beach 

coummni ties represent a separate and distinct topo-environmental entity, 

although the dominants of the beach grass coummnity (Elymus arenarius, 

Calamagrostis nutkaensis, Festuca spp.) are impor·tant in, and in fact 

dominate, certain expressions of the upland topo-environmental vegetation.· 

The separation of upland and low·land topo-environments is. a division 

based on topography and the restriction of drainage rather than on empirical 

altitude. See Figure 1. 
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Fieure 1. Co::nrunity distribution alon(S the moisture crGc1:Lont 
on tbc mari tine ttmdra landscape of Anchitka Island. 
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Hetllods and Investigations Under \vay 

Because there has been no opportunity as yet to study the vegetation 

during the active sunnner growing season, only a small amount of quantitative 

wnrk has been completed. This wnrk includes an altitudinal vegetation 

transect taken in mid-October 1967. This transect covered a rough line 

approximately three surface miles in length over elevations varying from 

llOO to 50 feet msl on Cldtka Ridge, w-est of Chitka Cove (see-'figure 2). 

This transect was taken using eight subjectively placed one square me·fH!r· 

plots in conspicuous, well represented connnunities 11'l1ich were undist':lrbed 

by human acti viti es. The vegetation was tabulated using the cover-abunclance 

scale of Braun..:.Blanquet (1932) 4 . Detai.ls from field notes on this transect 

are included in the quarterly report submitted 8Narch 1968. Although the 

results of study of this transect are not e11tirely comprehensive because 

of the late season, these data, along 1vi th extensive and repeated fall, 

winter and spring qualitative surveys, fonn the bases for the discussion 

of communi ties 'Which follow·s in subsequent sections. 

Four areas-of more or less concentrated study have also been located 

and partially prepared. These areas, which lvill receive more. intensive 

study during the coming summer, include: (see figure 2) 

Triangle Park Station. This area south of the old Engineer Camp and 

east of the main camp was ori nally located in cooperation wi. th an avian 

ecology study proposed by pr. H. E. Childs. The area selected includes 

lowland 11 breaka1vay" tundra, lo"ivland-upland tundra transition meado>v and 

disturbed road berm vegetation. In each ·of these three types, a series 

4. Braun-Blanquet, J. 1932. Plant Sociology: The study of plant 
conmmnities (Trans., rev., and ed. by G. D. Fuller and H. S. Conard) 
HcGraw· Hill, Nev York. 
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Ridge Transect 

. F.igh Park Basin Station 

Limpet Cr. 

Figura 2. An ovtline map of .4.nchi tka Island 
sho,.rine the appro::xima.te locations 
of areas concentrated in in the 
plant ecolo~J study during FY 1968. 

( LcttGrs indicate drill sites) 
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of tJuee one-meter square plots was stai{ed and located 3-4 October 1967. 

At the time of location, one plot in each series."lvas excavated to a depth 

sufficient to remove most of the viable roots, and two other plots in each 

type were staked out. On 4 June 1968, one of the plots in each series "'vas 

clipped to remove all standing dead higher vegetation. These clip plots 

"IVill be harvested in the fall for species composition and productivity 

analyses .. The third plot in each series. has been left for comparative purposes. 

On 4 June 1968 nothing "'vas gro"'ving in the excavated plots. 

Ultra Basin Station. This area "'vas selected during a Febrmi.ry field 

trip for its relatively undisturbed character and its location bet"'veen 

test sites B and C. 

A temperature station was established, in a location selected to avoid 

exce_ssive cold air drainage, on 20 :!'-larch 1968. T"'vo "U" tube maximum-minimum 

regi. steri ng thermometers "'vere installed in north facing shade shelters at 

12 inches and 40 inches above t.he ground. These tl1ermometers have been read 

. and reset five times since installation, and the instruments have been 

switched at each. reading .. During tl1e period 20 Hatch - 1 June 1968, the 

1211 thermometer registered a lo1v of +11 °F. and a high of 53°F., while the 

40 11 thermometer registered a lo'v of +17°F. and a high· of 48°F. 
0 

The 11 F. 

reading is four degrees belo'v the recorded 15°F. low· at the airstrip on 

Amchitka 1943-1948
5

, ~ile the 17°F. reading is only slightly higher. The 

current lack of a comprehensive meteorological station on the island is 

a handicap to the interpretation of climatic effects on the vegetatinm~o 

In cooperation "lvi th Holmes and Narver, Incorporated; a pair of surveyed, 

staked lines has been laid across a slope exhibiting peat movement in the 

basin. These lines consist of 58 and 77 stakes, 10 feet apart, ~ich are 

5. Per ·~~~Bidding document for Amchi tim road construction)'. U. S. Anny 
Corps of Engineers, District Alaska, January 1968: SP10-SP14 
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tied in to the Ultra triangulation station. The lines will serve as a base 

for quantitative vegetational analysis as 1vell as a measure of the rate and 

amount of peat slip be~ore and as a result of nuclear test or e·arthc1uake 

shocl{, and any resul taut vegetational change. QUantitative surveys should 

follo1v any test at either Sites B or Cor any local seismic shock. 

Six pairs of one meter square plots 1vere established in the basin on 

1 June 1968. One plot o~ each pair was clipped in preparation for 

composition and productivity analyses, while the second was left for comparison. 

The plots inclucle representations of the follo•ving communi ties: lo1vland 

11 breakaway11 tundra, upland-lo•vland meado1v transition, upland crowberry-grass-

sedge meadow, upland grass, and a pond overflow 1vhi.ch corresp!:l!lds to a 

standing shallmv p:> ol. No plots 1vere excavated here. 

Limpet Creek Station. This drainage 1vas ·selected as representative of 

the topography in the site F-site ';E area, biit due to a reduction in the 

plant ecology effort, only minimum successional studies have been initiated. 

A series of small ponds has been· altered so that one pond has been completely 

drained, a second partially drained, and third left alone. Another separate 

and larger, deeper pond has been partially drained, The exposed pond bottoms 

will be periodically examined for evidence of succession and compared 1vi th 

1vater covered bottoms. No plots have been established. 

lli.1?J! Park Basin. This area of study near site E has the highest 

elevation (ca. 700 1 ) of the four areas prepared to this point .. A sheltered 

thermometer was established at a 40 inch height on 25 Harch, 1968, but it was 

broken by a rock fall resulting from construction associated 1vi th road 

building cluring Apri 1. Another them10meter 1vas installed 2 June 1968. 

Three series of ·three plots each were established 26-27 September 1967 

in the follo1vi ng communi ties: soli fluction-blolvout zone, cro1vberry-grass 

stripe, and cro1vberry-grass-sedge meadow: .One plot in each series was 

excavated to remove viable roots, one of each was left for comparative 

11 
. .. ,_·. -~ 



purposes, and one of each was clipped for fall composition-productivity 

analyses on 2 June 1968. The excavated plots sho1ved no colonization as gf 

2 June 1968. 

In keeping >vith the ecological studies currently under 1vay, and those 

planned for the coming grci1ring season, a plant col1ection i ~ being prepared. 

Since the fall effort, discussed in the October 1967 report, plant collections 

sui table for inclusion in herbaria have been. minimal, but it is expected that 

a representative collection •vill be possible during July and August. Specimens 

from these collections will be placed in tJ.1e herbarium of The JJni versi ty of 

Tennessee and duplicates !rill be sent to the U. S. National Herbarium. 

Field >vork has also produc.ed 14 samples sent to Battelle Memorial 

Institute for chemical analyses .. These samples include plant material and 

peat from selected areas. No acknmv-leclgement of tl1eir receipt or any 

infonnatioti on analyses performed has been received. In addition, four 

samples were taken from the vicinity of the mud sump at the Longshot site 

during early June 1968. These samples w·ere frozen on the island and called 

to the attention of the Battelle personnel present. 

12 
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TEE HAJOR COHNUNITIES (Figure l) 

·The Lo;Ylatul Tundra 

The lowland tundra has been extensively disturbed in many areas on 

the island, particularly ~n the eastern "half", by past military and past 

and present USAEC site development activities. The low1andi.undra connnunities 

vary in composition and structure from the \vettest expression, standing 

shallow pools which are usually dominated by Juncus balticus or Alopecurus 

aequali s
6 

to the dryest of the low1and communi ties, Empetrum nigrrun (crow·-

berry)-Carex spp. (sedge)-Calamagrostis nutlmensis (reedgrass) meadow. 

The eli vision of the undra continuum into low· land and upland units occur~ 

at the dry end of the latter cmmnunity, with a reasonably distinct shift 

in ann~al productivity dominance from sedge to grass, and a more obvious 

presence of cro•vberry. 

Between these t•vo extremes two extensive cmmnuni ties occur, the first 

a "breakmvay" tundra, dominated by sedges and lichens (particularly the 

lichen Cladonia pacifica, the local reindeer "ui.oss"). The "breakmvay" 

community is characterized by the lack of abundant \veil-rooted plants. 

This lack is reflected by the ease 1v:ith which the living vegetation is 

disturbed or literally broken mvay by foot or vehicular traffic. 'l'he 

second of the t;v-o intermediate communities is a sedge-lichen meadow which, 

·while containing many of the same species as the breakaway tundra, also 

contains enough grass (particularly reedgrass and Festuca spp.) and cro•v-

berry to resist easy displacement. 

The semi-aquatic grass Alopecurus aequalis has not been found outside 

of shallo;v- pools, many of 1vhich are of course ephemeral, but all the other 

6. The study of the terrestrial plant ecology has not extended to ~e study 
of the ecology; of ,ivell defined ponds and lakes except for occasiori.al 
plant collections and such considerations as relate to terrestrial 
succession processes. 

13 



plants mentioned above in the lowland tundra grow in varying densities 

throughout the unit. 

The primary factor controlling the cover and abundance of tile various 

species of lichens, sedges, grasses, sub-shrubs and herbs is the drainage 

of substrate (peat) and surface. As the moisture gradient changes from an 

area of w·aterlogged peat to an area of ivet peat 1vhich does have some 

drainage, even though it is severely retarded, the trend to-.;v-ard more meso-

morphic plants folloivS. Extremely hydromorphic plants, such as Juncus 

bal ticus and Cal tJ1a palustri s are found in abuudance in the often extensive 

areas of nearly closed drainage, and occasionally in slo1vly moving shallow 

water, but at the drier end of the lo1vland tundra gradient, these plants 

are found only in special circumstances, 1'/'here a &'lnall site, usually one 

that has been disturbed, holds standing water for some reason. Old vehicle 

trucks, especially 11\veasel" tracks,. are a prominent example. The more 

( mesomorphic plants, hoivever, such as the croivberry and the reedgrass, are 

more abundant at tile dry end of the lo;v-land moisture gradient, but can be 

found under slightly improved drainage conditions in a generally very \vet 

area. Low· hmnmocks of peat, ag~in often caused by past disturbances, support 

these species which are less tolerant of excess moisture, 

Conspicuous moss mounds are found in lo1vland tundra and support 

vascular plants connnon to the upland tundra unit. Crowberry, Loiseluria 

procumbens, Vaccinhm1 viti s-idaea, reedgrass and Deschampsia caespi to sa 

are the most often encountered higher plants-on the mounds. The moss 

mounds provide the better drainage conditions preferred by the upland 

plants, but the phenomena 1'/'hich bring about the preliminary development of 

these elevated organic mounds are not completely understood, 

The lowland tundra topo-environmental vegetation can be summarized 

as a wet meadow vegetation ivi th sedge and ~ichens more prominent in the 

wetter areas and grass and sub-shrubs becoming more prevalent as drainage 

14 

.:-

L 

LJ 

I 
I 

I 
I 

i 

I 
I 

I 
I 

l, 

i 

I 
l 
lr 
L 



!0 
!IC 
II 

~-i 
I 

!I 
!m 

lm 
I 
I 

1m 

tm .... 
. ( 

·m 

!m 

I 
I 
~m 

I 
1m 

'•. 

:m\ 

:m 

m 

improves. The substrate for this vegetation is a sedge-lichen peat, 

generally varying from a depth of one to two feet on moderate slopes to 

depths in excess of 14 feet on lower slope transitions. The low1ancl 

tundra is dotted ;<lith pond.s and shallow lakes which are supported by peat 

and may be crossed by a nmnber of small streams. The terrain varies from 

flat to moderate slopes, and the absorbent peat over an impervious "bedrock" 

retains enough water (63 - 89% water by 1veight tJuough fall->vinter-

spring, see Table 1) to restrict the plant species present to those that 

tolerate a great deal of moisture. 
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Table l. Comparative w:ater content of peat samples from fall, 

Sample # 

lveight-g 

Wet 

Dry 

% \vater 

Date 

winter and spring samples on Amchitka Island. The 
samples are from the low1and-upland tundra meadow· 
transition connnunities, except for #2, 1d1ich is from 
a disturbed road berm which contained considerable 
mineral material and supported secondary succession to 
upland tundra grass. Samples 1vere oven dried at l00°-105°C. 
until weight lo~s ceased, All figures are to the nearest 
whole number. 

1 2 3 4 5 6 

266 832 257 262 212 .... 170 

29 308 28 31. 25 36 

89 63 89 88 88 79 

7· Oct 14 Jan 25 Jan 1 Feb 23 Har 10 May 
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The Upland Tundra 

On w·ell drained surfaces on Amchi tka, tl1e vegetation is generally 

dominated by grass or crow·berry or a mixture of .the t1-ro. The prominent 

grasses are reedgrass, Elymus arenarius (seagrass) and Festuca rubra 

(fescue) 7 . All three of these grasses are important members of the beach-

grass connnunity and are also found on certain drier microsites in the 

lo1dand tundra. The upland tundra also includes a good number of sedge 

species, and some Juncus and Luzula species are conspicuous in some 

situations. Salix spp. and Vaccinium spp. are also found on 1-rell drained 

sites. Loiseleuria procumbens {alpine azalea) is also an important member 

of. the upland tundra sub-shrub communities. 
0 

The upland tundra grades from the cro1-rberry-grass-sedge meado1-r at 

the drier end of the lo•dand tundr~ moisture gradient to the wind desiccated 

crowberry-grass stripe zone which is broken by solifluction zones at higher 

elevations on the island. The crowberry-grass-sedge community is the most 

stable vegetation on the island on moderate well drained topography. 

Certain sites on the. island support an almost pure grass community. 

These well drained sites are located at the edge of pennanent lakes, along 

well establicl1ed streams, just above steep sea cliffs and on steep slopes 

with a relatively well developed soil. Many of these grass stands (reed-

grass, seagrass, fescue) cover considerable acreage and develop to heights 

of a meter or more. These grass connnunities are a part of the upland 

topo-environmental unit. 

Another significant expression of-the upland tundra vegetation occurs 

on the berms that resulted from -road and building construction during 

7. Festuca altaica intermingles with f. rubra in many situations. The two 
grasses are very similar in habit and in site. preference. 
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the 1940I·s. These disturbed sites, well drained because they are elevated, 

support the same grasses mentioned in the preceding paragraph, as well as 

crowberry. This secondary succession to at~ expression of the upland tundra 

supports the most stable ranking of the cro1vberry-grass-sedge meadow 

connnunity. 

On mixed gravel~soil surfaces on the island, secondary succession to 

upland tundra vegetation i!:! also occurring. The surfaces are generally, ·of 

two origins-abandoned military roads and 11 desert pavements or lag gravel 

surfaces in the wind-solifluction zones on exposed hills and ridges. 

Lupinus nootkatensis is the pioneer in most cases, and this robust hemi-

cryptophyte provides both shelter and nitrogen enriched soil for the 

establishment of crowberry, grasses and herbs. Nany small islets of 

vegetation ha"'!e developed on the gravel surfaces in this fashion. 

The origin of the gravel roads, and the subsequent secondary succession 

presents few problems of interpretation, but the desert pavement or lag 

gravel surfaces have more complex origins and processes of maintainence. 

A possible contributing factor is the apparent pathogenicity of a lichen 

of the genus Nycoblastis on· the cro1vberry. Once the upland vegetation has 

been destroyed, whether by physical or organic agents, a bare gravel-soil 

surface subject to wind erosion and frost action results on exposed sites. 

The processes Which control the establi shmeat or reestablishment of vege­

tation on the very exposed sites are not completely clear at this point. 

:tvlany of these surfaces have likely had an appearance similar to that extant 

since vegetation developed on the island under the present climatic regime. 

The pattern of the vegetated cro1vberry-grass stripes and intervening gravel 

surfaces is continually changing over the years with the migration of the 

vegetation and the movement of the gravel, but the overall aspect is 

unlikely to change much with the present floral compositio'n of the island. 
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In ffinronary, the upland tundra topo-environment unit vegetation grades 

from meadow· to sub-shrub stands, reflecting the lesser acc1.unulation of 

n peat as drainage improves !Lnd soil fonning processes are less inhibited. 

The lag gravel-soil surfaces are the "driest" 1vell represented substrates 

m on the island except for the beaches, but at certain times, when rainfall 

1: 
I 

is copious, even these surfaces remain at field capacity. 

m 
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The Beach Topo-environment 

The dominant beach coumruni ty above high tide ~i ne on those beaches 

which are wide enough and rise enough to prevent catastrophic storm 

flooding is a grass stand. The srune sort of community appears on the 

small islets off the coast of Amchi tka and on some of the larger sea 

staclls. The aspect dominant is Elymus arenarius (seagrass1 but reedgrass 

·-II 
and fescues are also common. Early in the growing season, geophytic herbs 

(especially Ranunculus spp., Geum macrophyllum, certain Umbelliferae) 

provide a welcome and conspicuous touch of green, but as the grasses I~ 
develop fully, and the "canopy11 closes, these vernal plants are less noticeable. m 
The conspicuous but small Potentilla villosa is common in niches in rocks on 

the seacliffs and stacks. 

. · There is also a rather diffuse community composed of succule·nt herbs 

1ffii ch is generally found betw·een the grass community and the mean high 

ll 

-il 
-II 

tide mark. These halophytes are often sea:...washed, and nowhere provide a very :I 
dense cover. The principal species are Senecio pseudo-arnica, Honkenya peploide~l 

and Lathyrus mari timus. 

The beach connnuni ty is a separate topo-envi ronn"\ental expression because 

of the almost wnolly mineral substrate. The largest beach grass stand yet 

found occurs a}; Bird Cape, which is apparently an old, .. stable sand spit. 

Although there has been military activity at Bird Cape, causing some 

secondary succession to Ul)land tundra grass, the substrate appears to be 

mostly beach sand of considerable depth. 

Very lush but localized expressions of the beach community vegetation 

occur on the sea~1ell-calcium ri~h middens formerly occupied by Aleuts on 

or near many beaches on the island. 
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'I 
Community Campari sons and Dynamics 

me· 
In the several plant communi ties ""lvhich comprise the Amchi tka terrestrial 

I ecosystem, there are many species which are characteristic of tw·o or more of 

these communi ties and complicate the exact delineation of community boundaries, 

1-m Many of these are prominent species in terms of aspect dominance, but their 

m 
annual productivity varies greatly, as does their gross biomass. Chief 

among these 1ridely distributed species are the grasses Calamagrostis 
I 

~m nutlmensis, Elymus arenarius, and Festuca spp., the sedges circinata 

m 
and .Q. macrochaeta, the sub-shrub Empetrum nigrum, mosses of the genus 

m1acomi trium and several lichens of the genus Cladonia. 

g Altliough the cro1vberry and the lichen Cladonia pacifica are perhaps 

the 1nost conspicuous elements of the vegetation of several of the connnuni ties; 

II particularly in 1vinter and spring, ·and although the gross biomass of the 

m 
crcnvberry is probably the greatest of any of the island flora, the annual 

productivity of the lichen is negligible by comparison with other species. 

I The highest total annual P,roductivity by species on the island is contri-

buted by Cala:magrostis nutlmensis (reedgrass), with El;ynn.1~ arenarius (seagrass) 

I ranking second_;·. The sedges are individually proc1ucti ve, but they seldom 

m 
form dense stands as do the grasses. 

The greatest annual productivity on a unit area basis is in the grass 

:I counnuni ties of the upland tundra unit and the beach topo-enviromnent.-uni t. 

The most extensive counnunity on the island is the crowberry-grass-sedge 

~I JJ1E!adow at the 1vetter end of the upland tundra unit, and therefore the 

D 
greatest gross biomass is found in this conununity. The annual productivity 

is not the grcates·t in this cmmnunity, ho1vever, because neither the grass 

I nor the sedge fonn extensive closed stands in the rather thick cro1vberry 

mat. 
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The secoml most extensive conmmni ty in terms of area appears to be 

( the cro>vberry-scx~-grass meadow at the t1ry end of the loivland tundra 

unit. This conuuuni ty is usually continuous ivi th the crmvberry-grass-sedge 

community di scusscd above. 

Because of the similarity bet1veen the meadoiv connuuni ties, and becZ~U.se 

of their extensive distribution, a discussion of the dynamics of the 

Amcl:j.i tka terrestrial ecosystem is best based on the processes which are 

operating in these conmmni ties. 

As is conniwn in bog connnunities, and even in spite of the relatively 

low· annual biomass production of these tundra communities, productivity 

greatly exceeds decay and decomposition and the system is out of balance. 

The principal reason is the lack of cons~1mers and reducing organisms.· 

Primary consmners of via1)le plant material are limited to certain species 

of terrestrial birds, the Nor•vay rat 1vhich .is apparently on the island, 

and ce:~,'tain invertebrates ·which have been collected using Berlese funnel 

samples (centipedes, mites, springtails). These invertebrates also play 

a part in the decomposition of standing dead plant material and ra1v litter 

and humus. Although no cletailed investigation of bacterial decomposers has 

been undertaken, such organi:sms are seldom abundant under the acid conditions 

v.ilich exist in peat systems.~ Hany fungi are known to be important in the 

decomposition of organic material under acid conditions, but visual exmuin-

ation of the 11Frt layer of the substrate does not reveal conspicuou~ hyphae, 

and mushrooms or other fungal fruiting bodies have not been seen> indicating 

that soil fungi are not abundant. 

A rough model of the terrestrial ecosystem of Amchi tka is presented 

in Figure 3. Although this model indicates a balance, the facts that 

bacteria are probably not important here and such fungi as are certainly 
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nTFUT .1. 
Solar l:incrfY 
AtmosDhore 
St1.bacrial Hutr:i.ents 

PB.JJ.j\..iY 2. 
PI-lGlJUC ZlS 

& 1JlrAVl'J.:i:1;~;o DEtlD 
PI-i\1JT EAT:~J.IAI, 

S::J-:!GJDA:l.1 C02:STJJ.:ERS 
(R.:d;s, Falcons, J?ish, 
Go:.:··t;ain Invertebrates) 

~~=-=-~--~~~ 

. SOIL NICROFI,ORA 

Fi[::.1.U'C 3. A model of tho Ar;:cbit1:a Island tDrrestriol ecosystem. 
A '• • -"' L ' • ,~. Ll. GJ.scuss:ton o.. cor.:pa.r··u;::.en"Gs J_s on page~·,·. 
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Figure 3. compartnont disc\.l.ssion (see preceding pace). 

1. UlPUT: There is no solar enerey input record available for 
3\:mchit1w. The uork of l-1udyko ( 1956. 'l'he heat balanca 
of the Eart!J.t s surfe.co. Transl8tion from Office of 
Technical St:rviccs, U. S. Dcpsrtr,lont of Commerce, 
Hc:shin:'ton D. C. ) indicates tbe c;(pcctcd annual net 
rndintic:n f01~ tho control .Alc·c1-Gians to be botw;en 
40 anc1 60 kg·-cal/crc~2fycar. This ls !JI'obably high, . ~ . 
and a fif.;c1re of 20 to 40 kg··-col/m:1'-/year shcJUld be 
more rca.list:l.c. 

Subaerial nutrients include salt spr::w, anh1al feces, 
dissolved m1.tr:i.cmts in rain and srtOif, etc. Atl';1osphoric 
contribntions :'Lncluc1e nitroeon fixed by soil Jrci.croflor[t. 

2. P:d.TI·1A...'{Y PRWl!'GEl.l.S: · 'l'bis includes cr;y-ptogn.ms e.nc1 ph:morogar.1s. 
l:if:sic ann11al prod1wti v:i:l;y studies are tmc'er Hay. 

3. ST_dJIDJJJG A11D l:JH.tiL'l'EHED DBAD PI.:i.Hl' lJ.A'l'KtiAL: This includes the 
previous ;y·car 1s crop as vro11 as fresh litter. &nn,.Dles 
of sttmc1:i.ng C:oad grasses have been sent "to BET for ena1yses. 

4. SOIL Alm/oa PEAT: Tbis conpnrt:·,cnt ·represents :r.~nornl soil as 
1.1ell cs 2lterod dead or;e;anic r:.atoria1. Samples of soil 
and peat have been sent to BJ'II for analyses. 

5. :PA,.'tASITIC Frll:GI, I'ATIICG:::ITS: S'imrlis ~:md 
grasses. A l:i.clwn of th:':! genus 
be !:mtbogonic to ·the Cl'O\·rbe:r'r~/. 
lichen is be:tn;:; invcstic::;tna. 

::custs havo coon seen on 
Ll:<2.9..'!::~~stis Ufipears to 

Tbo nct:Lvity of the 

6. PRUl.'\.Ii.Y COr:snm:HS: Bird crops Bnd storu:;chs indicate tbc con­
s·cmption of frtl:lts and le;:nres of r:illn:t sy)ecios. Rr:tts 
are 1::no1,m to en.t tl1e \1!l(1or[;rotu1d pol~ts of ccl"'"to ol--chids 
and lilies. Inv·crtecrat•:::s oat living plan·t r:1-::d;c:cial ns 
well es de.ad. So:o.ples :i.m::i.ce:;to that; sprillg"Gclils, rnites, 
spiders end centipedes are pr·csent in tl1e vegc"t;ation and 
in JGbe litter at all t:i.mes ·of the year. 

7. SJi)JOJTDAR.Y COHSL1-ITI:tl.S: The ur<::H3ation of falcons nnd raJcs is pro-
bably of only slight importance. Eagles have bec:n ::;oen 
atternptine; to take rats. Flsh take a good. nunbor of 
inve:tteoratcs. Certain invertebrates, such as spiders, 
prey bc:J.-,rily on other invertobra·~cs. 

S. SOIL l;ICRO?LOi1A: Al~hough bactc:cia do not nornnlly flourish 
in acid peat, n5:C.ror;en fb:-inz boct;ori~ a!'C associated 
,.rf.Lh ...~..., f"i n ..... -L .. :"''rc lu'Y'\-~,.1'"' anc:-~ 'r_!c'"'nC"" l'rJ.,·lc""+c<· t'J"' ColUu iJ:)<,; -•C.V..I.v • :::>.!.•'-'' ·, t e,J.tv. v Q_ ~!U u l.O 

presence of l::oth si.llfl.lr and iron reducing cactoria. 
Lichcnized fungi nrc VCl'Y COJ;v::on, and clottor· plates 
have been planJtied to atte·:npt to cultivate other fungi. 
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Figure 3. conporkwnt discussion (continued). 

9. SOIL F1\UliA: Tho prt~so!1ce of soil :Ltwortocrates at 2ll seasons 
of the year, oven in frozen litter, inpEes tbe i:npor­
kmcc of the ;;oil fatm8. Bcrlcso sa;:,plcs b::tve 1Jt:,cn 
run in fall, IJintcr anc} spring. Identifications aro 
incor0.pleto to this point. 

10. RiESPii"tATICI:: Before tho y!l;:,nt ecolor;y effort bad to be rc­
c}t.•ccd, pl3ns inclt:clcc1 SOT:i.C: C~diOl'r:ri.nation of the 
rospire1t:Lon rates of :i.npol'tE:mt rJJ.ants. Tho catcgoi'Y 
is :incluclecl to indicate thot (,Toss as \·!oll as net 
procl.1.1ct:!.vi ty is boing consj_l\ered. 

11. OUTPTJr: Hyclr:ic solution of :coat, run-off l·rbich carrj_es S1J.s·d 

penc1ec1 orgardc end ninc:cnl nottol', mineral Heatherine, 
bloHout and tho observed 11 cal\rj_ng" of· peat a:r·o j_ncluded 
in this coT:lportmon·l:i. 
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present are few reduces ti1e po ssi bili ty of a sustaining balance. 

AI mough mere is a sub-aerial supply of certain necessary nutrients 

from bird droppings, rat scat, insect casts, sea spray and other phenomena, 

me system is heavily weighted on ti1e producing side. 'rhis imbalance has 

resulted in a continuing accumulation of plant residues and altered organic 

matter which has produced 9- rati1er ti1ick layer of peat on flat to moderately 

sloping topography. 

The system is complicated by ti1e sloiv plastic flo1v of this peat tovards 

stream bottoms and sea cliffs. This fl01v is apparent in flow lines, crevasses, 

and "peat falls" or "calving" over abrupt subsurface topography. The fact 

that the deepest peat is not found in ti1e stream bottoms (Figure 4) indicates 

that a hydric solution of the organic material does occur, and the brmmish 

coloration of many streams indicates that a c9nsiderable amount of organic 

material is carried in solution and suspension. 

The movement of the peat occasions slo>dy but nearly continually 

changing drainage patterns. The fact ti1at ma~1Y streams flo1v over peat ivhich 

is not derived from fully aquatic plants indicates stream migration as the 

peat flow has pushed the streams over and ne1v channels have been cut ti1rough 

the peat. Lobes and large blocks of peat which have been observed in the 

streams also indicate the peat override of existing channels. 

Naturally occurring earth-quake shocks are lmoil'11 to have greatly 

accelerated the peat flov on steeper topography and'at the top of the sea 

cliffs. Large slide and slump scars are· conspicuous on steeper topography. 
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Fi,gt:Ire 1. A ert:Jpbic renresc:ntat:l.on of nn ic:cr:!l:i.zod peat depth 
·-ro""il~'> t!rf"O;Wn' np UD·. l::e•1d tund:cn -. lOI·J13J'1C1 tund~a 1 J J. • ;;, - , .:;; . c~ • _ ;. 

trans:Lt:1.on bDsin, 0!1 Sj_}( :pe2t depth (:rids ta1\:G~ 
dij~fercl'}·t; ()l'~tJas Sll}J})Ol"'Jci:n[~ ~th5.s vegetation. ~rbc 

up1101"\ J_:Lne rc~!JreG-::nts tl1c }JcCJt surface. 'I'hc -verticaJ. 
oxo.c:gerntion 10 - 1. The T.1sxir,lilln poat depth repre­
sented is 10 foet, -the uidtb of tho aron is 750 foet. 

. TUNDl1.A 'I'YPES 

I ~--­----..~ 
PROBABLE BEDRCC:i~ SURFACE _;;; I f f I 
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Succession 

In vie>v of the continuum exhibited by the island vegetation across 

the moisture gracli ent which is dependent on local topography, the concept 

of succession tow·ards a mcsophytic "climax" does not apply on Amchitka. 

Although tl1ere are seral expressions, such as the examples of seconclary 

succession on gravel surfaces and roacl benns, long -tenn succesional processes 

are not unidirectional. The constantly changing drainage, resulting from 

peat accwnulation and movement, causes long term alternate clrying and svamping 

over local areas and precludes local stability in time. The succession that 

does occur is rather multidirectional, 1)rogressive tow·ards a ruesophytic 

climax in some cases, and regressive tovards a hydrophytic climax in o·thers. 

\fi thin this dynamic process, the overall vegetation of the island 1vill 

change little in time but considerably in space. 

( A further complication which discourages a "classical" appa.-oach to the 

Amchi tka terrestrial landscape is the depauperate flora. 'l'hi s lack of 

developed (as in Lupinus nootlmtensi s) which have adapted to a >ride range of 

habitats and are more or less conspicuous as a result. 

Given the dynamic ecosystem and the poor flora, only a major impact 

will create significant changes with time. 
•J 
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The Effects of Nan 1 s Past and Present Activities on Amchi tka 

The landscape of Amclj.i tim has been affected to varying degrees by 

military and subsequent civilian activities on tlw islaml. The more 

obvious causes of chauge have been military construction of roads, and 

buildings, current construction of roads and drill sites, >vaste disposal, 

and traffic over fragile tundra. Denudation, caused by such agents as 

fire, has been inconsequential to this point, stnce the peat never appears 

to dry out enough to burn, although the standing deacl material has carried 

fire. 

In the preceding discussion of various conmmni ty eA."')?ressions of the 

upland tundra vegetation, it lvas pointed out that secondary succession to 

indigenous vegetation has progressed relatively well, although slo1vly' on 

the·berms aroun(]. old roads and buildings, and is occurring, very slowly, on 

abancloned gravel roads. These types of construction disimrbances have 

generally improved drainage, and the extant seres reflect these drainage 

changes. If the current construction w·ere to be abamloned at this point, 

similar succession >muld occur over a period of time. The extensive up-

grading of Infantry Road from tlie harbor-~amp area to Aleut Point will 

perhaps cause a somewhat more complex reaction, e.g., >vind baffling and 

creation of lees in association 1vith cuts and fills, blockage of drainage, 

increased expo~mre of previously less exposed areas, addition of silt to 

produce local mucks, ancl the like. The resulting succession after the site 

is abandoned, however, barring a radical increase in activity •vill be 
., ' 

about the same as that now· in evidence some 25 years after the extensive 

mi 1 i tary ac ti vi ty : 

The consequences of the disposal of liquid organic and inorganic 

materials and solid waste are not so easily predicted. The lealmge of the 
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highly basic, oil containing drill mud from stm1ps at the drill sites has 

ldlled some vegetation, but not a significant amount on an areal basis. 

The llruud sump11 and the drainage ditch from it at the Longshot site do not 

support any higher vegetation even after a period of nearly three years. 

The addition of abrasive materials to the streams through this same leakage 

may increase the rate of dm·mcutting of the peat floored streams, resulting 

in some improvement in drainage in certain areas, •vith resultant community 

shifts. A minimal e:x-periment is under >vay to detennine the chemical effects 

of the dri 11 mud on tundra vegetation which has been transplanted into a 

cold frame. '£he reaction of the highly acid bog peat substrate to varying 

concentrations of the highly basic drill mud ·should not be predicted in 

advance of further observations. 

Organic pollution, such as that in the stream flo1ving into Clevenger 

Lake, has no doubt improved nutrient levels •ihich will aid plant development 

along the stream, but the organic pollution is complicated by oil in the 

Clevenger stream. 

The disposal of solid wastes in dmnps has more impact on the aesthetics 

of the landscape than on the vegetation, except for the danger of needless 

injury to man caused by the randort1 and careless eli spersal of junk and debris 

around centers of activity. 

The gouges left by tracked vehicles 25 years ago are striking evidence 

of ·the fragility of the tundra, and the very slow· rate of recovery of certain 

communi ties. Hany of the old tracks are 1vater filled during the rainy seasons, 

· and support little higher vegetation at any season. The natural eradication 

of these tracks, and some heavily used footpaths as >vell, 1vill be a matter 

of a good many more years. The light ground pressure tracked vehicles no1v 

in use on iJ1e island (trSno-Tracs 11 ) cause relatively little damage, except 

on the extremely fragile "breakmv-ay" tunclra. Staldng of frequently used 
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trails t.o discourage 'random llriving "il'ould reduce ·this damage by confining 

the impact to the marked trails. 
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Probable Effects of Nuclear Test Shock on tl1e Amchi tka 
Terrestrial Ecosystem 

The changes in the terrestrial ecosystem tl1at >vill result from tJw 

underground shock of nuelear testing clepeucl on the intensity of the shock 

and the amount of excess water in t11e peat and soil substrates at the 

time of the test. It has been noted that recent eart11QU.ake shock has 

caused conspicuous slump and slide activity. There is no >vay to deduce 

how >vet tl1e substrate was at the time of these earthquake shocks, and no 

way to guess the local intensity necessary to cause the eli sturbances that 

did occur. The effects of nuclear shock will be similar in expression, 

greater or lesser, in respect to the greater or lesser intensity of shock. 

·Barring a shock of such great intcnsi ty that catastrophic land movement 

occur.s, fue chief effect >vill be tlle acceleration of peat movement rates· 

and a re_sulting more rapid shift in drainage patterns. The cmmnuni ties 

tllat are most widely distributed on the island are sensitive to the degree 

of drainage restriction, and as tlw drainage restriction is increasecl or 

decreased, the composition and st:ructure of the plant communi ties will 

change correspondingly. 

In addition to the acceleration of peat movement rates, and the 

resul tiug £lrainage changes as the peat surface topography is altered, a 

severe shock might fracture the li thified breccia layer which prevents fue 

deep percolation of the surface water. This type of drainaee will drive the 

plant cormnuni.ties toivards the drier expressions of the continuum no-\v extant, 
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and may also resul·l:, in local flushes of nutrient rich geogenous water mat 1: 

J I 
I ' 

wi 11 accelerate plant gro\\rth and development for a time. The effects of i I 

such fracturing on the vegetation arc not likely to be permanent, how·ever. 

Considering the'nature of the tundra bog ecosystem, and the amount of clay 
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m 
r in the deep gleyed soil, the fractures will plug up (the time necessary 

m c~ depending_ on just how wide they are) and the present system will most likely 

. m 
be again in operation after tJ1is recovery . 

The testing ;v-oulcLhave the least effect on the vegetation of the 

:g island if it ivere conducted at a time when the tundra w·ere ·very dry or 

very iV'ell frozen. Unfortunately, the meteorological data available for 

I the island are so incomplete as to preclude any generalization as to the 

m 
driest periods, and although mid->vinter is the most likely time to find 

the tundra ;mll frozen, complete thmV's ;v-ere observed this past ;vinter. 

m 
Should any leakage of radioactivity occur, it 1vould have the greatest 

impact on the terrestrial vegetation during the late spring flush of grow·th 

I and during the summer period when the perennial plants are producing photo-

I 
syn'!:Jlate for current grow·th and carbohydrate storage.· There appai'ently is 

no season on the.~ island >V"hen all gro>V'th ceases, at least in t.he common 

lc grasses. Sea grass, reed grass, fescue, andBromus sitchens:i.s (as >V"ell as 

certain ferns) ivere all observed to be actively 11 tillering11 throughout the 

~~ fall, 1vinter, and early spring season. It is unfortunate that the plant 

~~ 
ecology study must be phased ou~ before quantitative analyses can be 

performed on this "off season" growth as >V"ell as on the vernal-aestival 

l~tl gl'OiV"th rates and gro;v-th amounts of dominant plants. There 1rlll also be a 

gap in any predictions of the effect of nuclear testing as a result of tl1e 

it lack of inforritation on mineral cycling >mi ch >ms in the original study 

Ill 
proposal for F.Y. 1969. 
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