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INTRODUCTION 

The purpose of the present investigation was to examine 

the summer season climatic gradient between Point Barrow and 

Meade River, Alaska, and to determine to what degree the 

gradient is reflected in the vegetation of the area. The 

area under consideration includes the northernmos t portion of 

the Arctic Coastal Plain of Alaska and extends from 70o 25' 

to 71° 25' north latitude and from 156° 30' to 157° 30' west 
-

longitude. All points in the area lie within thirty miles 

of the Arctic Ocean, and Point Barrow its elf extends some 

four miles out into the ocean as a narrow gravel spit. 

The portion of the Arctic Coastal Plain Province 

under consideration is relatively flat, with a maximum local 

relief of approximately fifty feet developed along major 

rivers and along sections of the coast-line. It is covered 

1n large part by uncons olidated sedime nts of the Gubik 

Formation (Pleistocene) which lie uncontormably on sediments 

of the Colville Group (Cretaceous). The latter sedime nts 

are locally exposed in the Meade River area. Both active and 

stabilized sand dunes are locally well developed along inland 

portions of the major watercourses . On the river terraces 

and on the upland between rivers there are well developed 

systems of polygonal ground, and many of the low center 

polygons are filled with water or ice the entire year. Near 

the coast in the region of Barrow Village there are several 

well-preserved uplifted beach ridges which resemble the 
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present-day spit leading to Point Barrow. Shallow northwest­

southeast oriented lakes are very abundant on the landscape 

and vary from less than one to many acres of surfa ce area .  

The climate of the region is  deep within the boundaries 

of the tundra climate type of the standard class ificat ions� 

the average temperature of the warmest month being below 

fifty degrees Fahrenheit but above thirty-two degrees Fahren-
-

heit . Most of the days are either cloudy or partly cloudy, 

with very few days during the "summer" months ( June� July, 
- -

August, September ) being entirely clear. The only u. s. 

Weather Bureau st at i on  1n the area is  at Barrow Village, 

within a mile of the coast, and it s re c ords for the past 

thirty years show a very high tog frequency and a high degree 

of cloudine ss . Recorded pre cipitat ion is low, the annual 

average for twenty-seven years being 4.2 inches .  Over half 

of that amount fall s as rain during the four summer months . 

The area lies well north of the forest-tundra ecot one 

and is thus covere d with arct ic tundra vegetati on. It is 
. 

primarily a gras sland in aspect but c ont ains a highly vari-

able admixture of low shrubs and cryptogams . 
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Figure 1. Map or the n orthern tip or A l aa� 
ShoWing loca ti on or atat io na Used in thia atucty. 

------___ 



LITERATURE SURVEY 

The nature of botanical research in Arcti c  Alaska has 

�til recently been descriptive and qualitative rather than 

analytical and quant itative. Before the development and 

improvement of tracke d  vehicles during World War II and the 

extended use or them in oil and gas investigations in 

northern Alaska following the war, overland travel was de­

cidedly restrict ed during the growing seas on. Most of the 

plant colle ctions were made either at or near the coast or, 

in later years, in the vi cinity of places easily accessible 

by light aircraft . Botanical invest igation flourishe d  with 

the increased intere st.in the area on the part af the military 

authorit ies of the United states . Tundra plant communit ies 

have been described from various regions and many localities 

in Arctic Alaska by Spetzman (1951), Churchill (1955) and 

Hanson (1950, 1951, 1953). The comprehensive taxonomic and 

phyt ogeographic work of Hulten (1941-1950) has been of great 

value t o  investigators in the area. Plant names 1n this the sis 
' 

are those of Hul. ten. 

The only known available publication which deal s with 

the Ddcroclimati c  relations of Alaskan Arctic tundra plant s 

is that of Bliss (1956). The effects or certain climatic 

elements on the development of plants of Greenland has been 

dealt with in exhaustive detail by Sprensen (1941). M. E. 

Britt on and R. E. Shanks (personal communi cat ions) have 

gathered much infor.mation about the microclimates of the 
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Barrow region in order to better understand the energy rela­

tions underlying the operation of the ecosystem 1n the area. 

Mather and Thornthwaite (1956) have begun investigation of 

the microclimates in the Barrow region. Conover (1953) has 

investigated the climatology of the Arctic Slope of Alaska� 

but his report has not yet been released from military 

classification. It is likely that additional literature 

dealing with the climatology of the Arctic may be found in 

the classified files. The most comprehensive monograph on 

climatic conditions in the north higher latitudes available 

at present is that of Petterssen, Jacobs� and Haynes (1956). 

Hare (1956) has briefly reviewed the climates at the American 

Arctic and Subarctic. 

Evapotranspiration is the process by which water moves 

from the soil to the atmosphere. It is important ecologically 

because it is the link 1n the hydrologic cycle through which 

vegetation exerts its influence. Its fundamental economic 

importance is attested to by the literature dealing with 

water problems (Blaney and Muckel 1955, Gilbert and von Bavel 

1954, Harrold and Dreibelbis 1951, Sanderson 1948b, 1950� 

Thornthwaite 1951, Thornthwaite and Mather 1955a, l955b). 

Evapotrans piration involves physiological as well as physi­

cal processes, and thus 1s of interest to plant physiologists 

and ecologists as well as climatologists. It involves the 

amount of energy received from the sun and the forces which 

hold water in the soil. The first varies principally with 

the time of day� season o f  the year, and latitude; t he second 
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with the wetness of the soil6 the soil temperature, and the 

concentration of the soil solution. The complexity of the 

process is reflected in the labyrinthine literature which 

deals with various phases of it (Lull 1953). Since Thorn­

thwaite (1948) presented a climatic classification system 

based upon the single parameter of potential evapotranspira­

tion, interest in the process has grown tremnd.ously. 

A closer union between the topoclimatological approach 

of Thornthwaite (1953) and the "site" concept of foresters 

has been suggested (Thornthwaite and Hare 1955)6 and had 

already been approached by Harrold and Dreibelbis (1951). 

However, publications describing the use of evapotranspiration 

me asureme nts as an indication of climatic differences over 

short distances have not been encountered in the literature. 

Sanderson (l948a, l948b, 1950) has done much to increase 

the knowledge of the role of evapotranspiration in the 

climatology of Canada and particularly in the climatology 

of Arctic Canada. Her data indicate that over eighty-eight 

per cent of the the rmal efficiency is concentrated during 

the summer period in northern Canada6 and that the percentage 

figure decreases as one �oceeds southward in eastern Canada. 

The average annual potential evapotranspiration follows a 

similar trend since it is essentially an expression of thermal 

efficiency. In extreme northwestern Canada the average 

annual potential evapotranspiration is between 5.61 and 11.22 

inches. In the western part of the country the picture is 

complicated by the presence of extensive mountain ranges. 



METHODS 

Five points in the defined area were selected as 

station sites. The northernmost of these was established 

on the eastern (lagoon) side of the spit which for.ms 

Point Barrow, near the abandoned Eskimo village site of 

Nuwuk. A second station was established on the foreslope 

of the most northerly of the series of beach ridges pre­

viously mentioned. This station was approximately six miles 

southwest of the Nuwuk station, two thousand yards west­

southwest of the Arctic Research Laboratory� and two thousand 

five hundred yards from Elson Lagoon. The third station was 

established in the vicinity of the South Barrow Test Well 

Number Three (hereinafter referred to as South Barrow Three), 

eleven miles south of the Beach Ridge station and fifteen 

and one-half miles south-southwest of the Nuwuk station. The 

fourth study area was on the Inaru River, twenty-three miles 

south-southwest of South Barrow Three and seventeen and one­

half miles west of the Arctic Ocean. The southernmost station 

was established near the village of Meade River, thirty miles 

south-southwest of the Inaru River site and twenty-eight miles 

from the nearest point on the Arctic Ocean. The airline 

distance between the two extreme stations is sixty-seven miles. 

Thus the stations were at irregular intervals along a north­

east-southwest line, and each of the station s in the south­

ward progression was progressively farther removed from the 

maritime influence of t he Arctic Ocean (Figure 1). 
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The Inaru River station was visited only once and was 

thus not used as an installati on for climat ological data or 

phenological records . Isolation of the spot prevented more 

than one vis it because of the limited availability of air 

transportation and the danger of mechanical breakdown of 

"weasels" t oo tar from base for recovery and repair during 

the field season. overland travel during the sumDBr was 

e ither on foot or in tracked vehicles , and rough polygonal 

ground made such travel very difficult . stati on readings 

were the refore made at s oDBwhat irregular int ervals . 

Temperature measurements were made with Taylor Sixe•s 

maximum-minimum recording ther mometers which had been cali­

brated against Americ an Society of Testing Material s  instru­

ment s . The the rmometers were mounted about four inches from 

the soil surface in shelters constructed from two convex 

sheets  of alUDdnum separated by about one-half inch. The 

shelters were oriented in a north-s outh directi on at each 

stat ion and t he thermometers inserted with bulb ends to the 

north. The dimensions of the shields and the orientat ion of 

shalt era and bulbs were such that t he instrument s were in­

frequent ly exposed to direct s olar radiation, and then only 

at low northerly sun angles . 

Precipitat ion measurement s were made in the following 

manner . An open number ten can , six inches in diameter and 

seven inches deep , was sunk int o the s oil t o  the depth at 

which the lip of the can was even with the s oil surface. A 

thin layer of fuel oil was left in the bott om of the cans 



after each reading to reduce water loss by evaporat i on t o  a 

minimum. Field readings were made in a graduate d  cylinder 

and later c onverted t o  depth equivalent s .  

9 

Evaporation measurements were also made in number ten 

cans which had been sunk int o the soile Peri odic readings 

were made by wei ghing the cans to the nearest tenth or an 

ounce and converting the weight measurement s to depth equiv­

alent s .  

For the measurement or evapotranspirati on the same 

�ds of containers were used1 with this modifi cat ion: the 

end of the can which bad not been removed was perforated 

with about a dozen small holes to allow for drainage of 

water . Readings and conversions were as with the evaporimeters. 

In order t o  make the evapotranspirometers as uniform as possible 

all of the cans were :fille d with material from the same locality. 

Vegetat ion covering the area was a uni:form and almost pure 

stand of Dupont ia rischeri R. Br. Sod plugs were cut to con­

form to  the inside diameter of the cans and were trimmed from 

the bottom so that the top or the s od reached the t ops of the 

cans evenly . By using un1rorm material s in the evapotranspiro­

meters and by using three evapotranspirometers per station 

it was hoped that differences in soils and vegetat ion among 

the stat ions might be eliminated as ract ors governing the 

rate or water loss by evapotranspirati on. 

It is  recognized that transrer of water in vapor form 

into the precipitation gages1 evaporimeters1 and evapo­

transpirometers1 and subsequent condensation or that water 
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vapor on s oil particle s and an the s ide s of the open containers, 

may have added moisture to all cans embedded in the s oil. 

Condensation on the sides of the open container s  was observed, 

but there was no attempt t o  measure the amount . If it is 

assumed that the amount of moisture thus added to all cans 

was equal, then the estimates of evaporati on and evapo­

transpirati on, computed as differences from pre cipitation, 

would not be affected. Interception of fog and mist and 

condensation on above-ground plant parts are, among the se 

instrument s, unique t o  the evapotranspirometers, and would 

have the effect of depress ing the estimate of evapotranspi­

ration by an undetermined and presumably small amount . rt 

might therefore be more accurate to  regar d these estimates as 

net evapotranspirat ion. 

The "Early Alaska" variety of garden peas was sele cted 

for phenologica l observations . Single garden plots were es­

tablished at three of t he  statians--Nuwuk, South Barrow Three, 

and Meade River. Two plots were establishe d  at the Beach 

Ridge site. At each of the s tat icns used for thes e observa­

tions the seedbed was prepare d by removing all living vege­

tat i on and t hen woming up the soil w1 th a matt ock.  Thre e 

ten-foot rows were plant ed one foot apar t  with the seeds 

placed at one inch int ervals . Phenological scoring, where 

pos s ible, was done according to  t he directions of Higgins 

( 1952) at the end of the observat ion periods . 

Data for use in vegetation analysi s were gathere d  by 

listing the species pres ent in two inch diameter circles with 
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the centers of the circles spaced at four inch intervals 

along a line fifty feet or more in length. This method was 

devis ed for use in rapid reconnaissance vegetation sampling 

and permit s  the use of simple frequency tabulat ions as an 

index t o  the distribution and as so ciation of species . It 

also permits the use of re lative frequency (frequency of a 

single species over the sum of frequencies of all species )  

as a quantitat ive basis for t he  determination of dominant 

species . 



DISCUSSION OF RESULTS 

Temperature 

It was ant icipated be�ore the init iation o� this  study 

that period maximum and minimum temperatures would offer very 

little informat ion concerning the thermal regime o� the area, 

but it was felt that some attempt at measurement of tempera­

tures with simple instruments should be made becaus e of the 

likelihood that temperatures were directly or indirectly 

limiting to  plant growth 1n the area, and because of it s re­

lationship t o  insolation, the most important physi cal vari­

able influencing the evapotranspiration process .  

Certain salient point s should be noted from the data 

presented in Tables I and II. Temperatures at the u. s. 

Weather Bureau station at Barrow, four miles southwest  of the 

Beach Ridge station, were recorded on standard instrument s 

in a standard instrument shelter. All others were re corded 

as des cribed in the Methods section. A second temperature 

and phenology stat ion was established on the cre st of the 

same beach ridge used �or other measurement s previously men­

tioned. Thi s second station was in Arcti c  Brown soil ( Tedrow 

and Hill 1955) and was approximately two hundred yards from 

the first station.  The Arctic Research Laboratory thermometer 

was installed only a few hundred �eet southeast of the Labora­

t ory in a spot relatively well sheltered from onshore winds. 

Certain of the records from Mea.de River were made by cooperative 
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TABLE I 

DEVIATIONS OF PERIOD MAXIMUM AND MINIMUM TEMPERATURES ( �. ) FROM 

U.  S .  WEATHER BUREAU ( BARROW STATION) RECORDS JUNE AND JULY 1956 

Beach 
Beach Ridge 

Arctic Ridge (Arctic South 
Barrow Res . (E-T Brown Barrow 

Date Max. /Min. Nuwuk Lab . a stat i on) Soil ) Three 

June 29 36/.32 start 

July 
30 35/.32 

1 57/32 
2 50/32 
3 40/.31 
4 41/31 
5 5l/.29 
6 44/32 
7 36/.31 -1. 5/+2 
8 50/.30 
9 40/.31 start 

10 66/39 
11 41/33 start 
12 51/34 
13 39/30 
14 57/33 0/+0. 5 
15 34/.31 
16 35/30 
17 39/30 +2/-0.5 +4.5/+3 
18 33/27 
19 33/26 
20 37/.26 start 
21 43/26 
22 49/.29 
23 43/30 
24 49/29 -6/-1 +3/+3 
25 60/36 
26 62/.50 
27 60/.43 
28 53i159 
29 41/.31 

+1.5/+6.5 30 43/34 +4/+4 
31 36/31 +0.5/+1.5 

&aecord not begun until August 2. See following page. 

:Meade 
River 

start 
?/.+8.5 
�/+4 

?/+1 

?/-2? 
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TABLE II 

DEVIATIONS OF PERIOD MAXnroM AND MINIMtJM TEMPERATURES (Opt. ) FROM 
U. S .  WEATHER BUREAU (BARROW STATION) RECORDS AUGUST 1956 

Beach 
Beach Ridge 

Arctic Ridge (Arcti c South 
Barrow Res .  ( E-T Brown Barrow Meade 

Date Max./Mino Nuwuk Lab . Stat ion) Soil ) �ee River 

Aug. 1 40/30 +18/+1. 5  
2 48/33 +2/.0 
3 41/30 +1/+2 
4 37/29 +8/+0. 5  
5 53/33 -2/0 
6 52/31 -1/+1 
7 40/28 -7/+1 +2 . 5/0 +1/+4.5 +5/+0. 5  
8 33/30 +4/+2 -1/+1 
9 32/28 +6/.+1 

10 31/26 +6/.+1 
11 30/.26 +3/.0 
12 32/29 +3/+0. 5  
13 33/.27 +6/+2 

+32a/-1 14 32/27 +6/-1 +8/+1 +6/+3 
15 35/27 +14/.+3 +4/0 
16 35/.31 +1%.0 
17 36/33 +3 0 
18 39/33 +1y.o 
19 36/.33 +9 +1 
20 35/31 +2/+2 

'l/0? 21 33/27 +1/+1 +4/+1 +6/+5 +3/+1 
22 28/23 +11/+1 

'l/-1 23 32/.22 +17.5/0 
24 35/28 +1,C-1 
25 31/25 +6 +0 .5 
26 30/25 +6. 5/0 
27 30/.25 +5/0 
28 30/.23 +3/-1 +6/+2 +10/+3 +5/-1 
29 27/21 +5/+4 +8. 5/-2 

a Poss ib1y due t o  a reading error . 



observers and the ir reliability i s  open t o  cons iderable 

question. 

Temperatures from all stat ions deviated appreciably 

and irregularly from those of the Weather Bureau stat ion. 

15 

On the foreslope of the Beach Ridge the extreme temperatures 

were higher than those of the Weather Bureau, whi le thos e on 

the crest of the ridge varied irregularly. Extreme tempera­

tures at South Barrow Three were even more variable than 

those at the Beach Ridge station. The data pre sente d  here 

support the conclusion that weekly-peri od extreme t empera­

tures are an inadequate basis for inferences  concerning the 

temperature regime of t he region. 

Precipitati on 

The two available records of daily precipitation in 

the area under investigation are those of the u. s. Weather 

Bureau at Barrow and Mather and Thornthwaite ( 1956 ) ,  both 

of which are presented in the latter re port . Precipitat ion 

measurement s  were made by t he  latter in 10. 6  em. diameter 

cans which were sunk into the soil with the lip of the can 

protrudi ng about one em. After the7 had made precipitation 

measurements in several of these instrument s 1n a very small 

area and found their re sult s t o  be h1gbl7 variable , they con­

cluded that the method did not give an adequate sample of 

the pre cipitation of the area and reverted to the us e  of a 

standard instrument . The Britton Manor s it e  at which they 
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made their measurements was approximately two mile s  northeast 

of the Uo s. Weather Bureau station, within three hundred 

yards of the ocean and in an area of high cent er p olygons with 

considerable mi crorelief, the individual polygons being up 

to three feet high. Sin ce much of the swmner precipitat ion 

in the region is  in the f orm of very- fine droplets which may 

be moved lat erally over long dist ances even near the ground, 

it is felt that microre lie f effect s on turbulence may be in 

large part re sponsible for the disparate measuremsnt s of 

Mathe r  and Thornthwai te . Proximity of the ocean and accom­

panying onshore winds may be related to  the small t otal amount 

of precipit ati on re corded by those investigators . In addition, 

they made no attempt to minimize evaporation from their 

instruments o 

The standard Weather Bureau pract ice concerning trace 

amount s of precipitation is to re cord a trace if any amount 

of pre cipit ation is seen falling in the vicinity. The Mather 

and Thornthwaite records do not show trace amounts until 

af'ter August 10 . 

'II 
Records from the stations used in the present study 

are compared with official u .  s .  Weathe r  records and those of 

Mather and Thornthwait e in Tables III and IV. It is apparent 

from the t ot al precipitation figures presente d  in Table IV 

that there was an increase in summer seas on precipitation 

s outhward and inland i'rom Nuwuk.. Apparent ly the highest rate 

of increase was very near the co ast , wit h the rate  of increase 

dropping off farther inland. It is signifi cant that some 
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TABLE III 

DEVIATIONS OF PERIOD ACCUMULATIONS OF PRECIPITATION (CM. ) 
FROM U.  s .  WEATHER BUREAU ( BARROW STATION) 

RECORDS JUNE AND JULY 1956 

South 
Barrow Britton Beach Barrow Meade 

Date Station Manor a Nuwuk Ridge Three River 

June 29 0 . 20 -0 .20 start 
30 T -T 

July 1 o . o  o.o  
2 o . o  o . o  start 
3 o. o8 -o . o8 +0.40 
4 0. 53 -0 . 53 
5 T -T -0 . 11 
6 0 . 66 -0 . 66 start 
7 T -T 
8 T -T 
9 T -T 

10 T -T +0 .34 
11 T -T start 
12 0 . 66 -0 .28 
13 T -T 
14 T -T -0. '7'7 
15 T -T 
16 T -T 
1'7 Oo74 +0 . '70 +0. '70 +1 .20 
18 T -T +0.48 
19 T -T 
20 o.o  o.o  
21 o. o o . o  
22 o.o  o . o  
23 T -T 
24 T -T +0 .02 +0 .01 
25 T -T 
26 0 . 10 __ _.._ 

27 0 . 48 -0. 1'7 
28 T 
29 0 . 15 -0. 02 
30 0 . 23 -0.23 
31 T -T -0.04 +0. 58 

a
Data of Mather and Thornthwaite ( 1956 ). 
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TABLE IV 

DEVIATIONS OF PERIOD ACCUMULATIONS OF PRECIPITATION ( CM.} 
FROM U. S.  WEATHER BUREAU (BARROW STATION} 

RECORDS AUGUST 1956 

South 
Barrow Brittgn Beach �arrow Meade 

Date Stat ion :Manor Nuwuk Ridge Thl;'ee River 

Aug . 1 T - --- +1 .35 
2 T +0.28 
3 0 . 11 -0 . 11 
4 T -T 
5 T __ _,_ 

6 1.30 -0. 24 
7 0 . 23 ... Q.04 +0.�9 +0 . 57 
8 0 . 02 ---- +0. 51 I 

9 0 . 05 +0.10 
10 0 . 05 -0. 05 
11 T -T 
12 T -T 
13 T -T 
14 T -T +0. 50 +0 .47 
15 o.o o.o +0. 75 
16 o.o o.o 
17 o.o o.o 
18 o.o o.a 
19 T ... T 
20 o.s8 .. ___ 

21 0 . 15 +0.02 o.o +0. 04 +2.80 
22 T o.o 
23 T o.o +0. 04 
24 T o.o 
25 T o.o 
26 T o.o . 

27 T o.o 
� 

28 T OoO +0.01 -lt0o05 
29 T o.o +0 .67 

Total 6.32 -1.88 +0.71 +3 .26 +3.28 . +3 . 61 

Mile s  from 
coast 0.3  (?)  0 0 1.4 8.8 28 

&oata of Mather and Thornthwaite ( 1956 ) . 



precipitation rel.l. on a high proportion or the days during 

the SUJDD18r months . 

1.9 

It has been the contention or s ome workers that precip­

itation 1n the Barrow area is much greater than recorded. 

Black ( 1.954 ) states  t hat soil pore space amounts to  twenty 

t o  forty per cent of the s oil. volume , and coul.d thus hold 

l.o6 t o  six inches of water before saturation. He e stimated 

that during each of the summers of 1946, 1.947, and 1.950 six 

to  nine inche s or rain would have been necessary to saturate 

the s oil. to the degree that saturation was observed. He 

states  further t hat on the bas is or his own snow measurements 

in the area the annual. pre cipitation is between t wo and four 

times as great as is recorded by the U. s. Weather Bureau 

station. It is possibl.e that condensati on of water vapor and 

fog particl.e s  on pl.ant and soil surfaces c ontributes appre­

ciabl.y t o  the t otal. moisture received by the l.and, but this 

amount would not be recorded in ordinary pre cipitation gages .  

Conover ( 1.953, as quoted by Tedrow and Hill. , 1.955 ) on 

the other hand states  that precipitat ion duri ng  the three 

summer months averages l.ess than one inch per month and states 

further that there is an annual. water deficiency of 3 o3 inches 

at Barrow, and that the cl.imate should therefore be classed 

as semiarid. With the many permanent l.akes and the ab\Uldant 

tundra pool. a in the area whose le vela seem t o  fluctuate 

1.1 tt le or none during the summer man the it is difficult to  

even imagine that the cl. imate is  semiarid and that lack of 

s oil. water might be restrict ing to  pl.ant growth. 
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Phenology 

The Johns Hopkins Univer sity Laborat ory of Climatology 

has encouraged the us e  of "Early Alaska" variety garden peas 

in standardized phenological observations because development 

of the plant s is  rapid enough to produce observable daily 

changeso Higgins ( 1952 ) state s ,  "In southern New Jersey 

four days or mare are required in the cool months (for the 

development of one c omplete node ) and only tw o t o  tour days 

1n the warm monthson The genetics of the "Early Alaska" 

variety peas plant ed 1n the s everal garden plots was assumed 

t o  be uniform, and it is therefore interred that variations 

in the peas were a fUnction ot the sum of environmental 

factors operative throughout their period ot growth, since 

plant behavior is the result ot the act ion of environmental 

factors  upon internal physiological processes and is  limited 

by the genetic c omposition of the plant o The t otal growth 

ot the peas during the season should be an index of tba rela­

t ive development potential of the environment 1n which they 

grewo 

Shanks in 1955 planted a single garden plot at the 

aforementioned Britt on Manor site on June 30 and removed 

them on September 2 (Figure 2)o  Phenological observations 

which were made on the peas during the 1956 season are 

presented in Table V, and it is obvious from those notes  

and .from Figures 3 through 7 that daily phenological scoring 

as recommended by Higgins would not have been possibleo 
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TABLE V 

PHENOLOGICAL OBSERVATIONS OF GARDEN PEAS, 1956 

10 July 

31 July 

7 August 

28 August 

10 July 

28 August 

20 July 

7 August 

14 August 

28 August 

NOWOK STATION 

Peas planted approximately one inch deep in 
peaty substrate .  

A very few peas Showing above the soil surface . 

Fifteen seedlings showing, but barely above 
ground. 

Few more seedlings above ground, but none large 
enough for Phenological scoring. C ollect ions 
made . 

BEACH RIDGE (Evapotranspirometer station )  

Peas planted approximately one inch deep in 
upland tundra soil.  

All peas examined had germinated but bad not 
penetrated the s oil surface . No collection 
made . 

BEACH RIDGE (Arctic Brown Soil)  

Thirty-five previously soaked and thirty-five 
dry see d  planted. 

Twenty-two seedlings from soaked seeds and 
one from dry seeds above ground. 

Twenty-three seedlings from soaked seeds one­
fourth to one-half inch above s oi l, five 
seedlings from dry seeds about one-fourth 
inch high. 

Collections made. 
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TABLE V 

PHENOLOGICAL OBSERVATIONS OF GARDEN PEAS, 1956 ( continued) 

11 July 

1 August 

8 August 

15 August 

29 August 

20 July 

23 August 

SOUTH BARROW THREE 

Peas planted approximately one inch deep in 
upland tundra soil. 

Thirty peas above ground, average height one­
half' inch. 

Nearly all peas above ground, maximum height 
one inch. 

Twenty-four peas one inch tall, no leaves 
unfolded. 

Collection made . 

MEADE RIVER 

Peas planted approximately one inch deep in 
upland tundra soil . 

Average number of developed nodes four . 
Collection made . 
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Figure 3. 
station, 1956. 
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Peas from plot at Nuwuk 
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Figure 4. Pe as pl ante d as pre -soaked 
seeds in Arctic Brown soil near Be ach Ridge 
st ation, 1956. 
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1956. 

Peas planted as dry see d  ln 
near Beach Ridge station, 
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Figure 6. Peas from plot at South 
Barrow Three station, 1956. 
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Pe as from plot at Meade River 
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The development of the peas at the Britt on Manor sit e  in 1955 

indicates that the development potential during that seas on 
. .  

was greater than that during the 1956 season at all but the 

Meade River stations$ The increase in t otal growth and 

development from st ation to station s outhward and inland 

from Nuwuk is  a cle ar indication that the summer season 

climate ameliorate s  in that direction. 

At the end of the observation period the vegetation in 

the cans used tor the measurement o.t' evapotrans pira tion 

yielded further phenological information. The average height 

ot the vegetation was determined, the fl owering stems were 

counted, and the plant s were clipped at the soil surface and 

subsequently oven-dried$ After oven-drying the plant materials 

were allowed t o  return to  equilibrium with atmospheric moisture 

and were then weighed$ Result s  are pres ented in Table VI. 

The cans at the Arctic Research Laborat ory were set in fine 

gravel on the northeast side of the building, and undoubtedly 

received a higher than normal amount of precipitat ion from 

wind eddies and f rom drip from the root, but were in relatively 

low light intensity most of the time G The average height o.t' 

the vegetation in t he se cans was tour and one-halt inches but 

the total production 1n aerial parts was only slightly more 

than tba t of the cans from the Nuwuk st at ion. 

The average hei ght of the vegeta tion 1n the cans is 

not obviously correlated with the climat ic gradient under 

discuss ion 1n this the si s .  However, the average air- dry 

weight of aerial plant parts is a refle ct ion of this gradient , 



TABLE VI 

AVERAGE HEIGHT, NUMBER OF FLOWERING HEADS, AND Am-DRY 
WEIGHT OF DUPONTIA FISCHERI R. BR. 

FROM EVAPOTRANSPIRATION CANS 

Average 
height Number Weight 

C an  in o:t in 
Stat ion Number inches heads grams 

Nuwuk 1 2 . 5  0 1 . 5  
2 3 . 5  1 2 . 2  
3 3 . 5  2 1 . 9  

Average 3 . 2  1.8'7 

Beach Ridge 1 2 . 5  2a 2.3 
2 3 . 0  0 2 . 4  
3 3.0  4 2.3  

Average 2.8 2.33 

South Barrow 1 4.0 8 2.4  
Tbree 2 4.75 8 2.4  

3 4 . 25 4 2.0 

Average 4.3 2 . 27 

Meade River 1 2 . 5  1 2 . 9  
2 5.0 � 2 . 3  
3 3.0 2.3  

Average 3 . 5  2 . 43 

Arctic Research 1 4.5  5 1.5 
Laborat ory 2 4.5 2 2 . 4  
( Sheltere d  Sit e) 3 4.5 4 1 . 9  

Average 4.5 1 . 93 

8P1us two Eriophorum scheuchzeri . 

b Pl. us two Poa arctica . 
-

29 
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as will become more clear in later sectianso It Should be 

noted here that the average production in the cans at Meade 

River is nearly double that of the cans at Nuwuko 

Evaporation and Evapotranspirat ion 

It has already been ment ioned that travel difficulties 

prevented the regular visitat ion of som stat ions and pre ­

vented the visi tation of more than two site s on the same 

dates in most caseso For the se reasons the dat a presented 

in Figures 8 and 9 require some manipulation before the 

data from one stati on can be compared with those from another. 

The forty-three day period from July 11 to August 23 is the 

longest period for �ich dat a from all stat ions are available . 

Average daily rates of evaporation and evapotranspiration can 

be computed by interpolat ing on the cumulative graphs the 

values for the beginning and end of the period and d1 vi ding 

the difference in these two figures by the length of the 

periodo Computation of the se figure s provides very useful 

couparative informati ono The average daily rate of evapo­

transp irat i on for this peri od at the Nuwuk station was Ool08 

cmo , that t:or the Beach Ridge stat ion Ool37 cmo , that for the 

South Barrow Three station O ol45 cmo, and that f or the Meade 

River station O o l49 cmo The increase in evapotranspiration 

rat e  southward and i nland from Nuwuk to Meade River is 

obviouso Similar treatment of the evaporat ion data reveals 

that the average daily rate of evaporat ion during the period 
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was O o066 cmo at the Nuwuk stat ion, Oo087 cmo at the Beach 

Ridge
_

statio�» O o 072 cmo at the South Barrow Three station, 

and O o 070 cmo at the Meade River stat iono It is suggested 

that the disproportionately high rate of evaporation at the 

Beach Ridge st at ion is attributable t o  the he�t of the 

ridge above the surrounding land ( up t o  twelve feet) and to 

the t opographic position of the station and the accompanying 

increased exposure t o  persistent winds. The prevailing 

wind directions and velocities were re corded at the Barrow 

Weather Bureau stationo The prevailing dire ction during 

July was s outhwest, and during August it was northeast o The 

average velocity for July was 12ol miles par hour, and that 

for August 16 o 7 o 

It the assumption is made t hat the evaporat ion from 

the open can is equal to  the evaporat ion from the soil sur­

face in the evapotranspirometers, then the transpiration 

rat es tor the vegetation in the evapotranspirometers may be 

estimated for each of the stationso Thus the average daily 

transpiration rate during the period from July 11 to August 

23 was 0 . 042 em. at the Nuwuk station, Oo050 cmo at the Beach 

Ridge stat ion, O o 073 cmo at the South Barrow Three stat ion , 

and 0.079 cmo at the Meade River stat ion. Re-examination of 

the thre e sets of figures for transpirati on, evaporation, 

and evapotranspirati on rat es for each of the stat ions reveals 

t hat evaporation accounts for nearly two-thirds of the water 

loss at the Nuwuk and Beach Ridge stations, one-half at the 

South Barrow Thre e stat ion, and about one-half at the Meade 
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River station. Conversely, transpi ration account s for more 

of the water loss at the two inland stat i ons and for less at 

the coastal stations. These same inferences may be drawn 

from a comparison of the evaporat ion and evapotranspiration 

data as presented in Figures 8 and 9 for the entire per iod 

of observation. 

The graphs for each of the processes will now be con­

sidere d independently. The shapes of the four curves plotted 

in Figure 8 are indications of change s in the evapotranspira­

t i on rates during the ent ire observat ion perio d. The curve 

tor the Nuwuk station is basically a linear one except for 

the sli ght upswing in the terminal observat ion period. The 

upswing is thought to be due to the :fact that the extreme 

refrigerat ing effe ct of pack ice was reduced during this 

pe riod when there was an open lead in the ocean wide enough 

to perm1 t ship movement along the coast.. The general shape 

of the curve for the Beach Ridge instruments ls steepest 

1n the e arlier portion and flattest in the later portion, in­

dicat ing a bieJl,er rate of evapotranspiration during the early 

part of the season than during the later part . The curve for 

the Meade River instruments appears t o  be linear through much 

of its length but the great int erval between observations would 

mask any change s in its st eepness. The curve for the South 

Barrow Thre e instrument s rises sharply in its earlier portion 

and is virtually linear through the rest of it s length. 

Similar inf'erence s can be drawn from the curves f'or the evapo­

ration data presented in Figure 9 .. 
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The steepness or the Slope of any segment or these 

curves is an indication of the average rate or the proce ss 

being considered. The changes in steepness in segments of 

these curves is thought to be due to short peri od fluctua ­

tions in weather, but this could not be substantiated with­

out more elaborate instrumentat ion. 

Mather and Thornthwaite (1956)  used a battery or ten 

s oil-filled fruit juice cans 10.6 em. in diameter and 17 .4 

em. high to me asure potential evapotranspiration at sites 

near the Arctic Research Laboratory, at Britton Manor, and 

on the crest of the Beach Ridge near the station used in 

this study. ( Potential evapotranspirat ion, the basic parameter 

ot the Thornthwaite (1948 ) climati c system, is  the amount of 

water lost by evaporation from t he  surface of s oil in which 

the moisture leva 1 is maintains d above rie ld capacity plus 

that lost b y  transpirati on from plants rooted in that soil. )  

At their Arctic Research Laboratory station the mean total 

water loss rrom eight cans was 5.01 em. between J'U17 18 and 

September 6, an average daily rate of 0.050 em. At the ir 

Britton Manor station the mean loss rrom fourteen cans was 

5.75 em. between June 30 and August 311 an average daily rate 

of 0.093 em. The mean loss from ten cans at their Beach 

Ridge station was 5 . 61 em.  between July 3 and September 4 ,  

an average daily rate of 0.089 em. The total mean loss at 

their Beach Ridge station was 2.09 em . le ss than the total 

mean loss at the Beach Ridge stati on used 1n the present 

study from June 29 to August 28 . 
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The water loss varied widely among their sets o� cans 

at all stati ons, and it is felt that the variability was in 

large part due to their use of highly variabl e soil materials 

containing highly variable vegetation covere The close uni­

formity among the cans used in the pre sent investigation at 

the Be ach Ridge station is illustrated graphi cally in Figure 

10. 

The exces s of precipitation over evapotranspiration 

for the entire peri od of measurement at e ach of the four 

stations was as �ollows: Nuwuk, July 7 to August 28, 0 . 13 em. ; 

Beach Ridge, June 29 to August 28, 0.88 em. ; South Barrow 

Three , July 11 to August 1, 1.37 em. ; Meade River , July 2 to 

August 23, 1.59 em. 

It the Bri tton Manor pre cipitation data of Mather and 

Thornthwaite are compared to the ir evapotranspiration data, 

moi sture deficiencie s are as follows : Arctic Research Labora­

tory station between July 18 and September 6, 1.92 em. ; 

Britton Manor station between June � and Augast 31, 1.33 em. ; 

Beach Ridge st ation between July 3 and September 4, 0.70 em. 

If, on the other hand, thos e  investigators used the official 

records o� the u. s. Weather Bureau station at Barrow, they 

might have inferred pre cipitation excesse s at each of their 

stati ons . 

It is i�erred from the data of the pres ent inve stiga­

tion that there was no water deficiency during the season, and 

there �ore actual evapotranspiration should have been equal to 

potential evapotranspirati�. Mather and Thornthwaite would 
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have been led t o  a different conclusion on the basis of the 

precipitat ion records from their Britton Manor station. 

Vegetation 

There are approximat ely one hundred species of vascular 

plants known from the vi cinity of Barrow and only about one­

half ot thos e are frequently encount ered in the vegetat ion. 

Large areas occupied by grassy fla ts and the pans of low 

cent er polygons are characterized by Dupont ia fischer!, Carex 

aguat111s, Eriophorum scheuchzer1, and Eriophorum angustifolium. 

In places where the water is between one and two me t ers deep 

the pr'edominant plant is usually Arct opbila fulva.  On the 

low ridges surrounding low center-polygons and in othe r s itua­

t ions where drainage is somewhat improved the dwarf willows 

Salix pulchra, Salix rotundifolia, and Salix phlebopl1ylla 

may be characterist ic, along with Petasite frigidus, � 

arctica, and Luzu1a contusa .  

T he  Nuwuk area i s  unique i n  the region in t be  combina­

t ion of ocean proximity, relatively re cent elevation above 

sea level, and coarse gravelly substrate in a poorly drained 

posit ion underlyi ng thin sedge peat . The thin peat is rela­

tively tully covere d by vascular plant s and mosses and 

lichens occupy much of the space between stems. Dupontia 

fis cher! was by far the most abundant plant in the sample d 

area and was clearly dominant . The sub-dominant s differed 

in different sect ions along the line used for placement of 
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s ampleso It is evident from the frequency dat a in Table VII 

that Cochlearia officinal1s sspo arctica and Carex aquatilis 

are the sub-dominants in the first block of samples but the 

sub-dominant in the second and thir d blocks of sample s be­

comas Saxitraga h1rcul.us. Where wil lows are encountered 

they ordinarily appear in a large consecutive series of 

samples because of t heir creeping form. 

The vegetation of the Beach Ridge has been des cribed 

in detail by Koranda ( 1954) o Suffice it to say here that it 

is t opographically and pedologi cally unusual enough in the 

area for this uniquene ss to be refle cted in the vegetat ion 

which covers it. Species such as Dryas integrifolia and 

Vaccinium vit is-idaea occur on the beach ridges but are not 

lmown from other points in the vicinity. The sample data 

from this area are pre sented 1n Table VIII and they indicat e 

that � arctica and Carex aquatilis are the dominant plants 

in the sampled area in general despite the local importance 

of prostrate wi1lows with asso ciat ed mosses and lichens on 

the more expos ed spots. There are several species common 

t o  e ithe r three of the four or all four blocks of sample s .  

Observable changes 1n t he  vegetat ion during overland 

travel to  the interio r  from the Beach Ridge seem very gradual 

and slight , but after rapid transport to a spot suCh as the 

South Barrow Three stat ion it is evident that considerable 

change bas taken place over the e leven-mile distanceo Woody 

plant s have come to predominate in certain of the better­

drained situations , there is an increase in the pre dominance 
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TABLE VII 

FREQUENCY BY BLOCKS OF SAMPLES AND ANALYSIS OF TOTAL FREQUENCY 

NOwOK STATION 

1- 41- 81- 121- 161- 201-
40 80 1.20 160 200 240 

Dupontia fis cher! Ro Br e 37 38 37 38 39 40 

Saxifraga hirculus L. 15 16 4 4 18 

Stel1aria ci1iatosepa1a Trautv . a 9 9 27 

Cochlearia officinalis L. ssp. 
arct ica (Schlecht en) Hult . 18 9 1 1 -- 1 

-

Carex aquatilis Wahlenb . 13 4 7 -- -

Salix arct olit oralis Hult . -- 1 18 --

Salix phlebophylla Ands e .. ..  - - -- 16 --

Saxifraga cernua L. -- - - 5 1 

Salix rotund1fo1ia Trautv. -- 4 

Petasite s  frigidus (Lo ) D. Don 4 

Cbrysosplenium t etrandrum 
( Lund) Th. Fries 1 1 1 

Poa arcti ca Ro Br e -- 2 --

Arct ophila fulva ( Trin . )  Anders .  1 - - -- --

Average number species per 
sample 1. 9  1.8  1.9  1.5 1. 7  2.4 

Number of spe cies CODDDOn t o  
all blocks 1 1 1 1 1 1 

Number of spe cies in 5 bl.ocks 2 3 3 3 2 3 

Number of species confined t o  
this block 1 0 0 1 1 1 
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TABLE VII 

FREQUENCY BY BLOCKS OF SAMPLES AND ANALYSIS OF TOTAL FREQUENCY 

NOW UK STATION ( continued) 

Total Relative 
out ot FrequencJ Frequenc} 
240 (Percent ·( Percent 

Dupont1a t1scher1 R. Br . 229 95 . 4  51. 1  

Saxitraga h1rcu1us L. 57 23 . 7  12.7 

Stellaria ciliatosepala Trautv . 53 22. 1  11 .8 

Cochlear1a ott1c1na11s L. s sp .  
arct ica ( Schlechten) Hult . 30 12 .5 6.7 

. 

Carex aquatili s  Wablenb . 24 10 .0 5 . 4  

Sa11x arctolitoralis Hult . 19 7 . 9  4 . 2  

Salix phlebopnyl1a Ands . 16 6 . 7  3.6  

Saxitraga cernua L.  6 2 . 5  1.3 

Salix r otunditolia Trautv . 4 1 .7 0 . 9  

Petasites trigidus ( L. )  D. Don 4 1 . 7  0 . 9  

Obrysosplenium t etrandrum 
1.2  0 . 7 ( Lund) Th. Fries 3 

Poa arctica R. Br . 2 o . a  0 . 5  

Arctophila tulva (Tr1n. ) Anders . 1 0 . 4  0 .2 



42 

TABLE VIII 

FREQUENCY BY BLOCKS OF SAMPLES AND ANALYSIS OF TOTAL FREQUJmCY 

BEACH RIDGE STATION 

1- 41- - 81- 121-
40 eo 120 150 

Poa arctica R. Br . 38 35 25 24 

Carex aquati1is W&hlenb. 34 29 25 12 

Arctagrostis 1atifo1ia (R. Br. ) 
Griseb . in Ledeb . 11 24 22 19 

Saxifraga cernua Lo 15 10 19 21 

Stel1aria 1aet a  Richards . 16 16 20 7 

Senecio atropurpureus ( Ledeb . )  
Fedt sch. 12 8 1 

Saxifraga punctat a  L. 
ssp.  nelsoniana ( D. Don) Hult o 2 5 10 

Salix rotund1fo1ia Trautv. 14 l l 

Luzula conf'usa Lindb . -- -- 5 4 

Saxifraga foliolosa R. Br. -- l l 

Rauunculus nivalis L. l 

Vaccinium vitis-idaea L. 
ssp. minus (Loddo ) Hu1t . -- 1 --

Average number of specie s 
per sample 3 o l 3 . 3  3 . 1  3 . 3  

Humber of species common t o  
all blocks 5 5 5 5 

Number of spe cies c ommon t o  
three blocks 6 6 7 7 

Number of sp ecies confined to 
this block 0 l 0 l 
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TABLE VIII 

FREQUENCY BY BLOCKS OF SAMPLES AND ANALYSIS OF TOTAL F�UENCY 

BEACH RIDGE STATION ( continued) 

Total Relative · ·  
aut of Frequ�nc} Frequency 
150 ( Percent (Percent )  

Poa arcti ca R. Br. 122 81.3 25.0 

Carex aquatilis Wahlenb . 100 66. 7  20. 5  

Arctagrost is latifolia (R. Br. ) 
Griseb . in Ledeb . 76 50.7 15. 6  

Saxifraga cernua L. 64 42. 7  13 . 1  

Stellaria laeta Richards . 59 39 .3 12. 1  

Senecio atropurpureus ( Ledeb . )  
Fedtsch. 21 13 . 9  4.3 

Saxifraga punctata L. 
s sp .  ne1son1ana (D. Don) Hult . 17 11.3  3 . 5  

Salix rotundifolia Trautv. 16 10. 7  3 .3 

Luzula confusa Lindb . 9 6.0  1.8 

Saxifraga foliolosa R.  Br . 2 1.3 0.4 

Ranunoulus n1 valis L.  1 0 . 7  0 . 2  

Vaocinium vit is-idaea L. 
ssp .  minus ( Lodd. ) Hult . 1 0 . 7  0 . 2  
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of tussock-forming plants such as Eriophorum vaginatum ssp. 

spissum, and the number of ericaceous plant s in the vegetat ion 

i s  greater. The se changes are evidenced in Table XII and in 

the comparison of Tables VIII and IX w�th Table s X and XI. 

The line along which samples were made at the South 

Barrow Three stat ion crossed a high center polygon and the 

vegetation changes associated with microrelief features are 

reflected in the data in Table IX .  No single specie s is 

dominant in all tour blocks or sample s but the heath spe cies 

Vaccinium vitis-idaea and Cassiope tetragona are clearly 

dominant in the block or samples from forty-one through 

eighty. 

The line along which samples were made at the Inaru 

River station crossed a low center polygon near the edge of 

its central pan. Carex aquatilis , Salix pulchra, and Salix 

phlebophylla were common to all blocks and cons idere d together 

comprise nearly 60 percent of the point tallies ( relative 

frequency ) . The two spe cies of Salix comprise near ly thirty 

per cent of the relat ive frequency. 

The vegetation at the Meade River site assumes an 

aspect still different from tha t at the Inaru River s ite . 

The shallow pans of the low center polygons cont ain a great 

deal of Carex aquatilis , as do the troughs between the ridges 

.ot the polygons . The ridges themselves are covered by a 
: . 

mixture of Vaccinium vitis-idaea s sp .  minus, Ledum palustre 

ssp. decumbens ,  Eri ophorum vaginatUm s sp.  spis sum, Rubus 

chamaemorus , Betula � s sp .  exilis , and Cassiope tetragona. 
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TABLE IX 

FREQUENCY BY BLOCKS OF SAMPLES AND ANALYSIS OF Tar AL FREClUENCY 

SOUTH BARROW THREE STATION 

1- 41- 81- 121-
40 80 120 lSO 

Carex aquat111s  W&hlenb . 12 -- 10 30 

Briophorum �t1fol1um 
Honckeny 8 11 14 

Eriophorum s cheuchzeri Hoppe 4 -- -- 27 

Eriophorum vaginatum L. 
ssp. spissum (Fern. ) Hult . 10 10 8 --

Vacc1n1um v1t1s-1daea L. 
ssp. minus ( Lodd. ) Hult . 8 14 4 --

Cassiope tetragona (L. ) D. Don 6 15 --

Luzula collf'usa Lindb . 6 10 --

Arctagrostis lat ifolia (Ro Br. ) 
Griseb .  in Ledeb . 11 2 1 

Dupontia fis cher! R. Br . 7 1 

Petasites fr1g1dus (L. ) Fries 6 

Le41;llll pa1us tre L. ssp . decumbens 
(A1t . )  Hult . 1 --

Saxifraga fo11olosa R. Br . -- -- 1 

Bare ground -- 1 1 

Average number of species 
per sample 1.9  1 . 5  1.0 2.0 

Number of species c ommon to 
all blocks 0 0 0 0 

Number of specie s common t o  
three blocks 5 4 4 1 

Number of speci es confined t o  
this block 1 0 1 1 
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TABLE IX 

FREQUENCY BY BLOCKS OF SAMPLES AND ANALYSIS OF TOTAL FREQUENCY 

SOUTH BARROW THREE STATION ( continued) 

Total Relative 
out of Frequency Frequency 
150 ( Percent )  ( Percent] 

Carex aquatilis Wahlenb . 52 34. 6  21.8 

Eriophorum angustifollum 
Honckeny 33 22.0  13 .8 

Eriopnorum scheuchzeri Hoppe 31 20. 7  13 . 0  

Eriophorum vaginatum L .  
ssp. spissum (Fern. ) Hult . 28 18.7 11. 7  

Vaccinium vit is-idaea L. 
ssp. minus ( Lodd. ) Hult . 26 17.3  10 . 9  

Cassiope tetragona ( L. ) D. Don 21 14.0  e.8  

Luzula c onfusa Lindb . 1.6 10. 7  6 . 7  

Arctagrostis 1at1fol1a (R. Br. )  
Griseb .  in Ledeb. 14 9 . 3  5 . 9  

Dupontia fischer! R .  Br . 8 5.3 3 .3 

Petasit e s  frigidus ( L. ) Fries 6 4.0 2 . 5  

Ledum pal.ustre L .  ssp . decumbens 
(Ait . )  Hult . 1 0 . 7  0 . 4  

Saxifraga fo11o1osa R .  Br. 1 0 . 7  0 . 4  

Bare ground 2 1..3  0.8  
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TABLE X 

FREQUENCY BY BLOCKS OF SAMPLES AND ANALYSIS OF TOTAL FREQUENCY 
INARU RIVER STATION 

Oarex aquatili s  Wahlenb . 

Salix phlebophylla ADds . 

Salix pulchra Cham. 

Dupontia .f'is cber1 R.  Br. 

Polygonum bist arta L. 
ssp. plumosum ( Small ) Hult . 

Vaccinium vit is-1daea L. 
ssp. minus (Lodd. ) Hult .  

Stellaria laeta Richards . 

Oassiope t etragona (L. ) D. Don 

Petasites frigidus ( L. ) D. Don 

Salix ret iculata L. 

Saxifraga punctata L. 
s sp.  nels oniana ( D. Don) Hult . 

Hierochloe alpina ( Sw. ) Roem. 
& Schult . 

Pedicularis capit ata Adams 

Poa arctica R. Br. 

Saxifraga cernua L. 

Oardamine ( ? )  

Average number specie s per 
sample 

Number of species common t o  
all blocks 

Number of specie s common to 
four bl ocks 

Number of species c onfi m d  t o  
this bl ock 

1- 41- 81- 121- 161-
40 80 120 160 200 

21 26 

16 17 

2 12 

4 5 

5 --

--

4 

8 

4 

- - .. _ 

2 --

1 

4 1 

3 

--

1 --

4 --

l l 

3 3 

3 2 

l 0 

35 

5 

12 

20 

8 

2 

4 

1 

--

--

1 

35 

16 

12 

7 

13 

9 

3 

6 

3 

3 

2 

2 . 1  1 . 7  

3 3 

3 2 

0 0 

21 

11 

18 

7 

10 

2 

4 

3 

1 

2 

3 

3 

2 

0 
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TABLE X 

FREQUENCY BY BLOCKS OF SAMPLES AND ANALYSIS OF TOTAL FREQUENCY 

INARU RIVER STATION ( continued) 

Carex aquat ili s Wahlenb .. 

Salix phlebophylla Ands . 

Salix pulchra Cham .. 

Dupontia fis cher i R..  Br . 

Polygonum bistorta L. 
ssp. plumosum ( Small ) Hult . 

Vaccinium vitis-idaea L. 
ssp .. minus ( Lodd. ) Hult ., 

Stellaria la eta Richards . 

Cassiope t etragona (L. ) D. Don 

Petasites frigidus ( L . ) D.  Don 

Salix reticulata L. 

Saxifraga punctat a  L.  
ssp.  nelsoniana (D.  Don ) Hult . 

Hierochloe alpina (Sw. ) Roam. 
& Schult . 

Pedicularis capit ata Adams 

Poa arcti ca R o  Br. 

Saxifraga cernua L .. 

Cardamine (? )  

Total 
out of 
200 

138 

65 

56 

36 

33 

27 

12 

11 

9 

7 

6 

5 

5 

4 

4 

2 

Frequencr 
( Percent ) 

69.0  

32. 5  

28.0 

16 .5 

6.0  

5 . 5  

4 . 5  

3 . 5  

3 .0 

2. 5 

2 . 5  

2 . 0  

2 . 0  

1.0 

Relative 
Frequenc¥ 
(Percent ) 

32.8 

15 .5  

13.3 

8 . 6  

7 . 9  

6.4  

2 . 9  

2 . 6  

2 . 1  

1.7 

1.4 

1 . 2  

1 . 2  

0 . 9  

0 . 9  

0 . 5  
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TABLE XI 

FREQUENCY BY BLOCKS OF SAMPLES AND ANALYSIS OF TOTAL FREQUENCY 

MEADE RIVER STATION 

1- 41- 81- 121-
40 80 120 150 

Vaccinium vit is-idaea L. 
s sp.  minus ( Lodd. ) Hult . 31 16 29 25 

Ledum palustre L. 
ssp. decumbens ( Ai t . )  Hult . 30 12 30 21 

Eriophorum vaginatum L. 
ssp.  spissum (Fern. )  Hult . 17 19 21 17 

Carex aquatilis Wanlenb . 6 22 7 7 

Rubus chamaemorus L. 22 10 7 1 

Bet�a nana L. ssp.  exilis 
(Sukat ch . ) Hult . 8 9 

Cassiope tetragona ( L. ) D. Don 7 -- 1 

Pedicularis capit ata Adams 3 2 --

Average number of species 
per sample 2.8  2.2  2.6  2.0  

Number of species C OJJDJI.On t 0 
all blocks 5 5 5 5 

Number of species common to 
three blocks 0 0 0 0 

Number of species confined to 
this block 0 0 0 .  0 
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TABLE XI 

FREQUENCY BY BLOCKS OF SAMPLES AND ANALYSIS OF TOTAL FBEQUEBOY 

MEADE RIVER STATION ( continued) 

Total Relative 
out of Frequenc1' FrequencJ 150 ( Percent (Percent 

Vaccinium vitis-idaea L. 
s sp .  minus ( Lodd. ) Hult . 101 67 . 3 26. 6  

Ledum pa1ustre L. 
ssp. decumbens (Ait . )  Hult . 92 61 . 3  24. 2  

Eriophorum vaginatum L. 
ssp. spissum (Fern. ) Hult . 74 49 . 3  19 . 5  

Oarex aquatilis Wahlenb . 43 28 . 7  11 .3 

Rubus chamaemorus L .  40 26 . 7  10 . 5  

Betula nana L. ssp . exilis 
( Sukatch. )  Hult . 17 11. 3  4 . 5  

Cassi ope tetragons (L. ) D. Don 8 5 . 3  2 . 1  

Pedicularis capitata Adams 5 3 .3 1 . 3  
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TABLE XII 

RELATivE FREQUENCIES OF ALL SPECIES ENCOUNTERED IN SAMPLING 

South 
Beach Barrow InarU Meade 

Nuwuk Ridge Tln-ee River River 

Gr&Ddnoid Species 

Arctagrostis lat1fol1a 15. 6  5 . 9  -
Arct ophila ful.va 0.2 
Carex aquat111s 5 . 4  20 . 5  21.8  32. 8  11.3 
Dupontia fischer! 51.1  3 .3 8 . 6  
Eriophorum angust ifolium 13 .8  
Eriophorum scheuchzeri 13 .0 
Eriophorum vaginatum 

ssp.  spissum 11. 7  19. 5  
Bierochloe alpina - 1 . 2  -
-Luzula confusa 1.8  6 . 7  
Poa arctica 0 . 5  25 .0 - 0 . 9  

Total 57. 2  62 . 9  76. 2  43 . 5  30 . 8  

Shrub Species 

Betula nana ssp. ex111s 4 . 5  
Cassiope tetragona 8 . 8  2 . 6  2 . 1  
Ledum palustre 

ssp.  decumbens 0 . 4  24.1 
Rubus chamaemorus - 10.5 
Salix arctol1toral1s 3 . 6  
Salix phlebophylla 3 . 6  15. 5  
Salix pulcbra 13. 3  
SaliX reticulat a  1 . 7  
Salix rotund1fol1a 0 . 9  3 .3 
Vaccinium v1t1s-1daea 

ssp. minus 0 . 2  10. 9  6.4  26.6  

Total 8 . 1  3 . 5  20. 1  39 . 9  67. 8  
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TABLE XII 

RELATIVE FREQUENCIES OF ALL SPECIES ENCOUNTERED 

IN SAMPLING ( continued) 

South 
Beach Barrow Inaril J!eade 

Nuwuk Ridge Three River River 

Forb Species 

Chrysosplenium tetrandrum 0 .. 7 
C ochlearia officinalis 

ssp. arctica 6 . 7  -

Cardamine sp. 0 . 5  
Pedicularis capitata - 1.2 1 . 3  
Petasites frigidus 0 . 9  2 . 5  2 . 1  
Polygonum bist orta 

ssp.  plumosum 7 . 9  
Ranunculus nivali s  0 .. 2 -

Saxifraga cernua 1.3 13 . 1  0 . 9  
Saxifraga foliolosa 0 . 4  0.4 
Saxifraga hirculus 12 . 7  
Saxifraga punctata 

s sp..  nelsoniana 3 . 5  1.4 
Senecio atropurpureus 4 .. 3 
stellaria ciliatosepala 11. 8 
Stellaria laeta 12. 1  2.9  
Bare s oil o . a  

Total 34. 1  33. 6  3 . 7  16. 9  1 . 3  

Total number or species 13 12 12 16 8 
Number of species confined 

to stat ion 6 2 3 5 2 
Number of species common 

1 1 1 t o  all stations 1 1 
Numbei' of s pe cies common 

2 2 t o  four stations 1 2 2 
Number of graminoid species 4 4 7 4 2 
Number of shrUb species 3 2 3 5 5 
Numbei' of forb species 6 6 3 7 1 
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C omplete species lists have not been included for the 

five study areas , but the floras of the Inaru River and Meade 

River localit ies are considerably richer 1n specie s than 

those ot the mare coastal stat ions , even though this tact 

is not refle cted in the sample data from typical areas . 

The increased ridlness appears to be due t o  an increase in 

the variety of habitats as well as climat ic shift . 

It is readily apparent trom the summarized data in 

Table XII that there is an increase in the shrUbby component 

in the vegetation at the more southerly and inland stations . 

There was a consci ous attempt to select. areas for sampling 

which were representative of the general locality in whi ch 

they were made ,  extreme or unusual sites being avoided. 



This invest igation was cancer.ned with the climat ic and 

vegetational gradi ent in the extreme north of Alaska between 

Point Barrow, on the coast of the Arcti c  Ocean, and an inland 

point s ixty-five mile s to the southwe st . Five localit ie s  at 

irre gular intervals along this northeast-southwe st line were 

sele cted as sites for intensive vegetat ion studie s and four 

of them were also used as stations for the installation of 

simple climat ic inst rumentat ion. The stat i ons are referred 

to in north to sout h  order as Nuwuk, Beach Ridge , South 

Barrow Thre e ,  Inaru River, and Meade River . The Inaru River 

stat ion was the one at whi ch a climat ic station was not 

established. 

�reme temperatures were recorded during irregularly 

staggere d periods of variable length at the four climatic 

stat i ons and were co:up ared w1 th the daily temperature records 

of the United Stat e s  Weather Bureau station at Barrow, Alaska� 

Maximwn t emperatures at the Beach Ridge stat ion were irregularly 

higher than the official tempera tul'8 s at Barrow. Maximum and 

min1DII1Dl t empe rature s at the other stati ons were at t imes 

higher and at times lower than the off icial ones. 

Accumulat ed pre cipitation was me asured peri odi cally in 

six inch diameter cans . The t otal precipitation for t he 

seas on was at all stations greater than that recorded by the 

Weather Bureau. The least deviation was at the Nuwuk station 

and t he deviation be came progres sively grt)at e r  at the more 
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s outherly stat ions ; however, the rate of increase was greatest 

very near the coast and decreased inland. 

''Early Alaska" var iety garden pea s were planted in 

garden plot s  at each of the four climat ic s tat ions for use 

in phenological observat ions . Total growth of the plant a was 

assumed to be an index of the development potentia l of the 

environment in which they grew . The total development of the 

plant s was progressive ly greater in the plot s s outh from the 

Nuwuk stati on.  Peas in the Meade River plot deve loped an 

average of four nodes while thos e at Nuwuk barely ema rged 

ab ove the s oil surface . 

Six-inch diaDBter cans embedded in the soil and part ially 

fille d with water were used for e vaporation me asurement s .  Sim­

ilar cans fille d w1 th s od plugs covered by a uniform stand of 

Dupont ia fis cher.1 were use d for evapotranspiration measure­

ment s .  Int erpolat ed figure s were used t o  calculat e these 

average daily rates of evaporat ion for the period from J�y 

11 t o  August 23 : Nuwuk, 0 .066 em. ; Beach Ridge , 0 . 087 em. ; 

South Barr ow Thr ee ,  0 .072 em. ; Meade River , 0 . 070 em. The 

high figure at the Bea ch Ridge stat i on was inferre d t o  be due 

to unusual topograPhi c position and exposure t o  unobstructe d 

winds . Similarly interpolated figure s were used to calculate 

the average daily rate of evapotranspiration for the same 

period :  Nuwuk, 0 . 108 em. ; Beach Ridss , 0 . 137 em. ; South 

Barrow Three ,  0 . 145 em. ; Meade River , 0 . 149 em. Equivalence 

of mea sure d evaporation and evaporation from the s oi l  surface 

of the evapotranspJ.rometers was assumed, and the difference 
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between evaporation and e vapotranspirat ion was used as the 

best available estimate of transpiration. 

are : Nuwuk, 0.040 em. ;  Beach Ridge , 0 .050 

The differences 

em. ; South Barrow 

Three , 0 . 073 em. ; Meade River, 0 .079 em. The average daily 

rates of evaporation , evapotranspir at ion, and transp�ation 

for the f' orty-thre e day period increased inland from the 

coast , and transp iration accounted for an increasingly higher 

propor t ion of' the total water loss t oward the interior. 

Pre cipitation exceeded evapotranspiration as follows : 

Nu.uk, 0 . 13 em. ; Beach Ridge, o . aa em. ; South Barrow Three , 

1.37 em. ; Meade River , 1.59 em. 

Total production of aerial parts  of' plant s growing in 

the evapotranspirometers increased away from the coast . 

The vegetati on was sampled in each of the five areas 

and the sample data were analyzed. There was a shift in 

dominance from graminoid to shrubby specie s t oward the in­

terior . This increase in the shrubby component of the tundra 

vegetati on  is correlated with a clearly demonstrable summer 

season amelioration w1 thi n  a short distance of' the coast of' 

the Arctic Ocean. 
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