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SENSITIVITY OF PLANT COMMUNITIES AND 

SOIL FLORA TO SEA WATER SPILLS, 
PRUDHOE BAY, ALASKA 

C.L. Simmons, K.R. Everett, D.A. Walker, 
A.E. Linkins and P.l. Webber 

INTRODUCTION 

The Waterflood Project, which will begin oper­
ation in tbe oil field at Prudhoe 8ay. Alaska, in 
1984. is a system for secondary recovery of oillhat 
will invoh'e transporting seawater across tundra 

and Injecting it into oil-bearing rock stra ta . The 
project has raised questions concerning the erfects 
of seawater on tundra vegetation and soils. Ap­
proximately 36.9 km (23 miles) of low-pressure 
plptlfne and 160 km (99 miles) of high-pressure 
pipeline will be constructed 10 transport seawater 

from Prudhoe 8ay to the injection silts . Over 
most of in length the elevated pipeline will follow 

e.xistJng oil pipeline corridors. The piped seawater 
will be heated to 4.4 "C (40°F) or more and treated 

with 3; biocide. The U.S. Anny Corps of Engineers 
(1980) estimated that an accidental rupture of a 
low ~ pres s ure line could release as much a.s 16.400 
m' (4,300,000 gal., or 1_8 gal.lftl) of seawater on­

to the surrounding tunma; however. "reasonable 
wor s t~case" spill estimates range from 1400 ml 
(370.000 gaJ.) ror the rugh-pressure lines to 5000 
m' (1 .300,000 gal.) for the low-pressure lines. The 
lacaer spill could inundate as much as 2S ha (60 
acres) of tundra. depending on the around condi­
tions. topography and other environmental fac­
tors, and on the effectiveness or containment ef­
forts. 

AJtbough some observations on the erfC:(u of 
-Storm surges on terrestrial plant communities 
alona the arctic coast have been made (ReimnilZ 
and Mauer 1979), little is known about the toler­
ance of tundra plants for seawater. In a geo­
botanical mapping study, Prudhoe Bay plant com­

munities were rated according to their predicted 

sensitivities to a satura1ing seawater spill during 
the growing season (Walker and Webber 1980). 
Plant communities on dry sites are coDsidered to 

be more sensitive than those on wet si tes, with 

moist·site comm unhies having an intermediate 
sensilivily. This prediction is based on the premise 
that moist and wet sites are likely to retain less sea­
water IniriaUy and are subject to greater nat ural 
nushing by freshwater than are the dry sites. 

A seawater spill would also be expected to affect 
the soil nora. Because most, if not all , vascular 
plants are mycorrhizal (Antibus and Linkins 1978. 
linkins and Antibus 1978) and bttause the mycor­
rhizal roots seem 10 reside in the upper organic 
horizons or the tundra soils. a seawater spill would 
affect the vascular plants as well. In addilion to in­
creasing the active absorptive surface area of the 
rOOI sy$tem, the mycorrhizal rungus also increases 
the concentration of available nutrients by secret­

ing hydrolytic extraeeJlular enzymes (Burns 1978. 
Linkins and Antibus 1982a, b). These enl.ymes are 
generaUy adsorbed to the soil particles (Ladd and 
Butler 1975. McLaren 1975. Burns 1978) and can 
be made soluble by buffer or salt solutions varying 
from 10 to ISO mm ionic concentration (Ladd and 
Buder 1975, Spaulding 1977. Nannipieri et at 
1980. Sinsabaugb C:1 a1. (981). Consequently. a 
seawater spill could affect tundra plants directly 
by decreasing root respiration, or it could affect 
them indirectly by decreasing total soil enzyme ac­
tivhy or soil microbe respiration . 

The following study was undenaken to morutor 
the movement of salts through the son and to ob­
tain information about the efrects of seawater 
spills on tundra Ve&elatioo, soil entyme activity. 
soU respiration and mycorrhizal root respiration . 

The results will help direct further investigation in­
to the effects of seawater on tundra ecosystems 
and will be usefuJ in preparing environmental im­

pact st81emenU aboul transponinl seawater over 
tundra. This information will become more im­
portant with the increased use of Sttondary oil­

recovery methods on the Arctic Coastal Plain . 
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METHODS 

Sile selection and prep.nlloa 
Eight sUldy sites were established at five loca­

tions in the Prudhoe Bay area in the summer of 
1980 (Fig. I) , All of the sites are in areas that were 
studied in vegetation analyses by Walker et al. 
(1978, 198Oa). The sites include dry, mesic and wet 

tundra with either sUghlY acidic (PH S.3-6.2) or 
a1kaJine (pH 7.1-8 . .5) soils. Three of the sites are 
located on the coast, where the soils and vegeta­
tion are influenced by the ocean; the remaining 
five sites are inland. Together the sites represent 

the predominant soil and vegetation types that oc­

cur a10ng the proposed roules of the Waterflood 

Proj~t pipelines. 
Sites representing a given moisture category 

(dry, mesic or wet) were selected for their homo­
geneity of landrorm characteristics. The dry sites 
were situated on an exposed coastal bluff at Com· 

pressor Plant #1 (site B) and on a low, exposed 
ridge near Oxbow Gravel Pit (site 0) . Both of 
these sites were on slightly sloping « 2Of.) ground 

with low hummocks. Mesic and wet sites were se· 
lected at each of three locations. These represent 
inland acidic, inland alkaline and coastal acidic 

tundra (sites E. C and A, respectively). The mesic 
sites at all three locations were in the basins of 

low..c;entered polygons. The wet sites were on the 
margin of a pond at Arco Drill Site No. 2 and in 

2 

patterned terrain at West Dock and Sohio Pad F. 
E,;cept the dry sites, all sites were on level ground. 

Three experimental plots and one control plot 
were established at each study site (Fig. 2). Small 
surveying stakes were used to mark the corners of 
the l·m-square plots. The e,;perimrntal design 

:3 5 PI' m .. 

Ly,lme'en - • 

, .5m 
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Ijo·5m Spill 
Poil'll 

0.' 

PH'" Plywood 

Figure 1. Schematic of an experi· 
mentol site. 
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Figure 3. Application oj seo ..... a/f'r 01 (he West Dock mesic sile. The plastic 
tubn atloched 10 the Iysimelers Ctl" tw Sftn Of the ernler und the right. 

called for spillin& the: seawater from a hose at the 

spill point (FiB . 2) and allowing the water to fol· 

low the natural contours of the earth over the 
study plOIS, The three txperimcmal plOIS were O.S 
and 3.S m from the spill point in the predicted 

path of the water . A founh plOl was established 

outside each spill area to serve as a control. An ad­
ditional control plot treated with freshwater was 

desirable, but the added complexity and signifi· 

cant expense involved did nOl seem justified. Once 

the plots were established, each study site was 

roped off to discourage traffic in the spill area 
(Fig. 3). 

Suction Iyslmclcrs of two sizes were installed in 

each experimental site about 10 days before the 
seawater was applied. The larger Iysimeters had 
ceramic cylinder! 4 em in diameter and 12 em 

Ion •• the bottom centimeter of which was porous. 

The smaller lysimeteIs had porous ceramic cylin­

ders approximately 1 em in diameter and 4 em 

lona . Plastic tubing attached 10 the ceramic cylin­
der! extended above the soil surface so that the 

soil 50lulion could be extracted. . 
The Iysimeters were placed at depths determined. 

by the texture or the soil as identified. in the soil 

profiles (Fig. 4). The smaller Iysimeters were pre-

FIgure 4. Positions of suction iysimettrl with respect 

to composite soil profiles fOT tIlch of t/Ie eight experi. 

mellfal sites. 
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wetted and placed so that [hey extracted soil solu­
tion 4 cm below the surface: the large, prewetted 

cylinders were positioned in the deeper horizons. 

A hole slightly less than the diameter of the 

Iysimeter was made to the desired depth near but 
outside each experimental plot (Fig. 2). The 

Iysimeter was placed in the hole, and bentonite 

grout was placed around the stoppered top at the 

level of the soil surface to prevent nuid from flow­

ing down the sides of the lysimeter. 

PrespUi assessment 
Each site was described in terms of its land­

form, surface features, moisture, temperature and 

exposure to wind and snow (Table 1). Soil profiles 

were described, and soil samples were collected for 
determining pH and organic carbon content. The 

depth of thaw at each site was measured on the 

day of the spill. Each plot was photographed with 

infrared film. 
One or two days before the spill, a vacuum 

(about 70 psi) was applied to each of the larger 

suction lysimeters. Soil-solution samples of 10-70 

mL were extracted 24 hours later. The shallow cyl­
inders were also evacuated, but because they were 

much more porous than the larger ones, the sam­

ple return was immediate. The temperature--com­
pensated conductivities of all samples were meas­

ured in ~hos/cm on a bridge-type conductivity 

meter. T hese values constitute the prespill con­

trols. Some of the Iysimeters in the mesic sites re­

turned no prespill samples because the soil mois­

ture was bound too tightly to the sapric organic 

matter. No prespiU samples were obtained from 

the two sites in dry tundra. 
The composition and vigor of each plot's vege­

tation were described in detail. A list of the plants 

is given in the Appendix. Cover values for all of 

the vascular plants and the dominant bryophytes 

and lichens were visually estimated. Cover values 

report the percentage of a plot's area covered by 

each taxon in a vertical projection of the foliage 

upon the ground (ShimweIl1971). "Total vegeta­

tive cover," the sum of the cover values for all 

taxa in the plot, may exceed 100%. For plants that 

retain their dead leaves from one year to the next, 

Q. Vegetation at the Compressor Plant dry site. The dominant plants ar~ Dryas integrifolia, Sedum rosea, Artemisia 
borealis Qnd Salix ovalifolia. (Photo by Sue Degler.) 

Figure 5. Vegetation ar three sires. 
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b. Vegelolion at the Pod F mesic site. The dominant plants are Can'x bigelowii, Salix pulchra, Dryas integrifolia, To· 

menthypnum nilen$ and Oncophorus wahlenbergii. (Photo by Sue Degler.) 

c. Vegelalion 01 the Pad F wei sile. The dominant plants ON! Carex aqualilis and Drepanocladus lycopodioides var. 
brevifolius. (Photo by Sue Degler.) 

Figure 5 (COlli 'd). Vegetation at three sites. 

6 
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Figure 6. Plant communily composition by growlh form before the spill. 

such as Dryas integrifolia ssp. integrifolia and 
some of the graminoids, separate cover values 
were recorded for live foliage and standing-dead 
foliage. The live-la-dead ratio of the combined 
moss taxa was similarly indicated . The prevalent 

phenological stage of each vascular plant popula­
tion was recorded, and numbers of individuals of 

selected taxa were counted to allow long-term 
monitoring of the responses of individual plants . 
To provide a basis for a broad comparison of the 

plant communities at the eight si tes, the abun-

7 

dance of different vegetation growth forms was 
evaluated, Cover values were determined for each 
of five growth form . ~: shrub, graminoid, forb, 
bryophyte and lichen (Figs. 5 and 6). 

Seawater appllcaUon 
Seawater was obtained from Prudhoe Bay at the 

West Dock extension and delivered by a Rolligon 
off-road vehicle to the various sites. The tempera­
ture-compensated conductivity of the seawater, 

measured on a bridge, was 46,008 iJ.mhos/ cm 



TDble2. Duration or the seawater application and the ana covered by the seawater at each location. 

Mop Mobrurt! Spill pt!rlod 

de6igI'lQ1W" Stu CDregOry (min) 

Am West Do,.k Mesit " 
Aw WI'$1 Dock W" 01 

Dd CompT"iIOiOr D<, 01 

Plant 

em DriUSile Muic: 01 

No. ~ 

CW DrDl Site W •• •• 
No.1 

Dd Gravel Pil D<, 01 

Em Pad F Mtal( " 
Ew Pad F W" • 

(29 ,445 ppm). This value is in the upper range of 
summer salinity values reported for Prudhoe Bay 
seawater (U.S. Army Corps of Engineers 1980). 
The seawater at 3.S ac was applied to all of the ex· 
perimental plots in the afternoon and evening of 
17 July. There was no precipilation on the spill 
date or for two days before and tbree days after 
the spill. A seawater sample was collected and sub· 
sequemly analyzed for Na·, K·, Mg·· and Ca .... 
Except for Ca··, the ion concentrations were com· 
parable to those of standard seawater (Krauskopf 
1967). The higher Ca·· concentration is probably 
due to limestone parent material in the Prudhoe 
Bay drainage area. 

Approximately 2000 L of seawater was applied 
to each experimental site througli a 7-cm.diameter 
hose. To reduce the physical impact of the water 
stream on the soil surface, the hose was positioned 
on a sheet of plywood placed flu5h with the front 
stakes of the O.!I -m plot (Figs. 2 and 3). Applica· 
tion of the water required approximately J 1 min· 
utes. When the application was complete, a dia· 
gram of the area covered by the spill was drawn , 
and stakes were placed along the periphery of the 
spill. The length of time required for all of the ap­
plied water to penetrate the soil was estimated. 

At most of the sites all three experimental plots 
were inundated by the seawater . At the dry sites, 
however, the water tended to run along the cracks 
in the bummocky ground, leaving some of the 
hummoc.ks in the 3.5-m plots dry or only slight ly 
moistened , The water penetrated the soil at these 
sites aLmost immediately, and the surface was 
saturated for le5s than IS minutes, At the mesic 
sites the polygon rims tended to re5trict the sea-

Appro:ctmlltt Approxlmllte 

Approxlrrllue III't'D durDliOfl of dul'flrion of 
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covered (m2l n""dbtK wattr 4IOU .!lCltuTDtton 

". One hOLIJ Onelby 

7. O ne day Continuous 

•• < 10 min < 15 min 

•• One hour One day 

•• One d~y Contilluoul 

,. < TOmill < 15 n,iIl 

01. One hour One day 

Undct &rmill"d One day Continuous 

water to the polygon basins. The moist soil pre­
vented the seawater from penetrating rapidly, 
causing it to pond within the polygon rims. Pud­
dles remained at all the mesic sites upon fmal ob­
servation (up to an hour after each spilt) . The fol­
lowing morning the soil at these sites still appeared 
to be saturated, but no standing water remained . 
Although the wet sites did not have standing water 
before the spill. the wet surfaces and saturated soil 
made it difficult to determine the extent of the 
seawater coverage in these areas, All of the plots 
appeared to receive some seawater. AU three wet 
sites contained small, shallow areas of standing 
water on the day after the spill , Table 2 summar· 
izes the duration of standing water and soil satura­
tion al each of the st udy locations. 

Postsplll Ilssessment 

The plots were observed frequently for 28 days 
following the spill . The condition of the vegeta· 
tion was visually assessed. To aid in interpreting 
plant responses. color photographs were taken of 
plants in apparent full health, untreated plants 
that were judged to be senescing naturally. and 
plants that had developed treauneru·induced 
symptoms, Each plot was also photographed in 
color at the end of the 28 days. 

Symptoms of physiological stress attributable to 
the seawater treatment were first observed in 
plants in the experimental plots on 25 July 1980. 
eight days after the spilt. The kinds and extent of 
the symptoms were recorded, For the three days 
following the spill, each plot was observed. The 
symptoms developed by each plant taxon, the ex· 



tent of the symptom s within the plOl, and fhe 

degree to which individual plantS were affec.ted 

were recorded . These observations were repeated 
on 4 August and 18 August . 

Soil-solution samples were collected immediate­
ly after the spill and on 18 July, 26 July and 14 

August. Nearly all of the Iyslmeters were heavily 

damaged by foxes and eventually reodered inoper­

able. 

The nud)' sites """ere revisited nve times between 
late May and mid-August 1981 . Each plant tuon 

WB.'i obstTVed in detail in early and mid·July; these 

observations form the basis for the formal 1981 

vegetation evaluation . Briefer. more general ob­

servallons were made on the other occasioM. and 

these have contr ibuted to the interpretation of the 

July data. Each plot was photographed in color in 

mid-July as well as on other occasions. Soil-solu­

tion samples were collected in mid-July for com­

paruoo with the 1980 samples. 

Enz:7me assay aad uaJ)'.b: 

of soli n ora 

For cac;h plot in the mesic siles, three samples 

were coUet;ted from the top 10 em of soil in July 

1981. The samples were placed in plastic bags. 

frolen and shipped to the laboratory. They were 

kept frole-n until they could be processed for en­

zyme assaying, using metho(b described by lin­

kins et al. (1978) and Linkins and Neal (1982). 

Because of lime limitations. only the- me-sic sites 

were sampled. 

Botb the exo- and endocellulasc components of 

th.: oeUutsse- com p)n wefe me-asured 00 soil 5115-

pensions as described by Linkins and Neal lin 

press) without adding sail or bufrer solutions to 

tht' soil.-wa(er suspension. Soil phosphomonoes­

Ie-.ta:ooe was measured using the method of He-rbein 

(1981). 
Ectomycorrhizal root samples of Soli.\" arClica. 

S. rtli('ulola ssp. reliclt/ota and S. rorundi/olia 
ssp. rOlllndifolia were colieclC'd in July 1981 from 

the mesic plots . They were processed for determin· 

ing Ihe- respiration rate- using methods described 

by UnIOns and Antibus (1978) . Root respi ratio n 

rales were measured at IOce within 24 hours of 
collection. eilhe-r by direct OJ m u~urcments using 

a Gilson Differential Respirometer or an Or­

bisphere oxygen electrode. Soil r ~p iraLi on raLes 

were measured at 10"C wing direct measurement 

techniques with a Gilson Differential Respir­

ometer (Linkins e[ aJ. 1978). EClomycorrhilal 

rool-lip enumeration and viability were- e-stimattd 

as described by Antibus and Linki"s (1978) and 

Linkins and Antibus (1982b). 
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All data are e-x-pressed as the mean value of 18 

measurements-: 1 wo measurements were- made- on 

each o f three soi l subsamples from each of three 
replicate soil samples from each plot. All values 

expressed as significant are at the 0.001 level un­

less otherwis e- s tattd . 

RJ::.SULTS ANI> DISCUSSION 

Soil-!i"olutJon t'onduclivitia 

The prC'$pill soil-solution conductj\·ities were 

abou t the- same: for aU sites fro m which soil solu­
tion could be extracted except the wet site al We-st 

Dock (Table 3) . Imme-diately- after the spill the 

soil-solution conduclivity near the sur fac.:e (the up­
per 4 cm) al the wet sites approached thaI Qf sca,­

wIner. Over the next 24 hours the conductivilles 

d ropped considerably due to dilUlioo and/ or 

movement of water from (he ~ i t e . Further reduc· 

dons in conductivi t), apparently occurred a t a rela­

tively conSlant rale. and the prespill vi1l UQ were 
appro3ched wit hin about 30 days (Tables 3 and 4), 

The- $Oil solutions extracted from the deeper Iy­
$imeters at the same sites showC'd a delayed re­

sponse-. For the mOSt part the conductivities did 

not indicate- a significant increase- in salt concen­

tration within 24 houn . Over the 30 days of record 

in 1980 they either showed no significant change­

(wet s ite. Pad F) or showed a s low, apparently 

constant increase. 

The- course of e~nts al a particular site de­

pendtd on t he- degre-e- of saturation at the- time of 

the spill , tbe residence time of the seawater, "nd 

the $oiltex.ture. The limited data from the wet sites 

suggest that shallow-rootC'd species. such as Saxi­
/rogo hircu/us. may be subjC'ctC'd to much higher 

salt concentrations than deep-rooted plants, -.luch 

as' Eriophorum angustifolium. At the dry site.s­

the escarpment at tbe Compressor Plant and the 
ridge at the Gravel Pit-the soi ls were sandy and 

unsamratC'd . The seawate-r move-d rapidly down­

ward-so rapIdly, In fact. that the- shallow Iysim­
e-ters returned no solution unless pumped immedj­

a te]y after Ihe spill. For samples obtained under 

the-SC' conditions the conductivity was close to mat 

of the seawater_ The- dtC'ptt lysimetets continued 
to )'ield ~olutio ns with very high conductivitits up 

to 30 days after me spill . In these cases, where 

nushing action was probably .s:light~ salt conem­

trations remained bJgb (or an e-Ate-nded period. 

For the wet siles the )98 1 data su pport the 1980 

conclusion that after a seawau!r spill o f about jO 

lIml the- soil·so lution conductivit y rdurns to pre­

spi111evds in about 30 days. In wet areas both the 



Table 3. Soil.solution conductivioo at the spill siles. 

D i Sl~n" fro,., COftducrl .. ,y (jMtIIto/ cml 

Molsrun fIP,'lpDlnl CHplh Pnlplll I'onsf!.1lI 
$1, .. ""'~ y {m} (em ) 7/ 16180 7117180 7{17180 7118/80 7/26 {IIO 8114180 7/ 18181 

~.wlter (spill) 46,008 

Drink;"J Wiler (NANA Camp. De.dh a . te ) '" 
Wnl Dock Mesic Conlrol , .. 1,263 

Am Conl.ol 19 - 20 1,017 

0.' , -. l.ll4 25,951 HR d' I,lU 

H , -. HR ' HR 16,481 ",068 1, 151 1,011 

H 1l_14 

" HR l,llO 1,76'1 d •• 
S",ron ..... Ie. I I,IIS 

W e l l ()o(k W" Coalroi ,-.. 9 ,l 1a 

Aw 0.' ,-, 11,400 31,155 )6,202 '9.U. 
0.' 12· 13 11,147 d 24,996 d 

H ,-. 11.401 

H 21_13 11,S19 11.550 d /",3" 

Sud an wile. 10, 165 

eomp.ell5O' !'lant D<, Conlmltt " <'" 
" 0.' ,-, HR HR 42,041 HR HR d • • ,., ,-. 

"" 
HR HR HR HR d • • 

J.5tt " 
2,215 ,., 12-13 OR HR NR n,501 30,017 d .. 

Drill Site No. 1 Melic Connol 19_20 
'" Cm 0.' 13- 14 "0 ." 1,1 14 1,034 

0.' 11_ / 9 NR ... " . .. 
H 18_ 19 

'" m 1.517 J,n] 3,4 70'" 

Dr iU Site No, , W" Conl, ol ,-, ". 
C. Control 19 . 10 1, 199 

0.' , -. 1,0115 11,629 12,611 2.75 I · . 
0.' 2l-11 1, 165 1,115 1,059 d .. 
H ,-. I,on 14,n4 12,939 1,946 1,061 , .. 19_20 ." 

Surflu ",,"Iff 2,405 ". 
Gr ... ~IP'1 D<, Conuoltt 

" Cd <'" 0.' ,-. H' "' NR NR NR HR .. 
H , -. HR NR NR NR H' d 

J.Stt " 1,432 ... 22_13 HR NR NR 13,097 11,429 14.526 14.195 

Pld F Mesic Conlrol 19-20 < 100 

'm 0.' , -. 1,403 19.76) lS.llS d 

0.' 13_14 NO NR 4.010 1. 148 , · . 
H ,-.. NR ... 13_ 14 HR "' 6.494 2.155 d 1 .2 18 

"dF Woo Conlrol 19_20 1.141 ,. 0.' 12_23 1,075 1, 172 1, 106 d ... ,-. 2.949 9 ,027 1,370 1,180 

H 11_1) ... '" 
... d 1,343 

SurflCe """Ier 1.112 1.660 

• No rei urn of .. mple. 

t Ly!.lmtle. dUlroytd • 

.. Lyslmeler not lnU l lied In 198 1. 

tt Anllys. pnfol mld on leachlle (100. o f "" il per 

100 mL of trlple_cll,ttUtd, demineralized ..... In'. 

0_' ~rond ,naly" on 8/27{81 "'owed 1.988 "mho/ em. 
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Table 4. Prespill and postspiU ion concentratio ns ill two study plots. 

Dillrm~ 

0..", fro m Con«n'ffltfotl Ii'll/mI.) 

(em) $pill p()itlt (m) "'" C. At, K N. 

V.d F (wet) 

" J.> 11Julyl9110 " " • ~~01I S 0 

(pt",pillj .-. , .. 1$ July 19110 '" " J SS0 1. ISO 

'-8 , .. ~6 July 1980 '" ". " 1.380 :t ISO 

'-' J. ' IS .... 1111 t980 " 30 • S201 ISO 

We,. Dock (_I) 

" ••• n holy U80 

(pte Spill) .-. • •• 16 JlIly 1980 .-. ••• IS .... U& 1980 

near·surface and subsurface soil is apparently 
complelely nushed . Holdover efrecLS In these sites 
do not appear to be of concern. 

The situation in mesic and dry si tes appears to 
be quite different. In these areas the salls moved 
deeper into the soil, apparently concentrating at or 
near the seasonal thaw line. Conductivity levels at 
20 c:m in 1981 were approximately as they were in 
1980 except in the Gravel Pit dry site. where the 
1981 conductivity value at 30 em was nearly twice 
fhal measured at a similar depth in 1980. (The reo 
maining suction Iysimeters in the dry sites returned 
no soil solution.) This may be explained by long· 
tC'nn leaching of salts. which were initially reo 
tained in the upper part of the soil , by snow 
meltwater and pr~cipitation. Because the sandy 
soils at dry sites normally do not retain water at 

low suction pressures afler the thaw front passes. 
a leaching experiment was conducted on soil 
material taken from 10 em to provide an estimat~ 
of the amount of salt r~ t ained in the soil. Conduc· 
tivity levels of the I~achate from 100 rol of triple· 
distilled, demineralized water leached through 100 

g of soil w~re measured (Table 3). These data. al· 
though somewhat qualitative. support the idea 
that salts are retained within the profile. A similar 
situation probably prevails. but to a lesser extent . 

at the mesic sites. In the absence of a hydraulic 
gradient. brine may concentrate al the interface of 

the active layer and the permafrost and may in · 
crease the normal seasonal thaw. The 40"10 de· 

crease in conductivity at 20 cm in the mesic site al 
Drill Site No. 2 betw~en 18 July and 27 AugUSt 

II 

.00 J7. '" 3.020 t 150 

'" 
SO. 216 I ,S90 .1 I SO 

J9S '" '32 3.620 t 150 

Spill Wiler 

.20 1.275 <3. 9,000 

SlInd.atd _'Ulet (Ktluakopf 1967) ... 1.350 38. 10.500 

J981 could be due to rreshening as the saline pool 
followed th~ thaw front. 

Vascular plant response 
Within 12 days of the spill 17 taxa of vascular 

plams developed pronounced symptoms of phYSi­
ological st ress attributable to th~ tr~atment (Table 
5. Fig . 7) . The symptoms ranged from sligh t chlo r­
osis of most of thc Icaves on a plant to total 
browning and desiccation of all the plam's foli· 
age. Symptoms wen~ considered cxte n siv~ if they 
appeared in alleast 75OJo of a population in one or 
more experimental plou and affected marC' than 
750;0 of the plant 's fo liage. By IJ AuguSt 1980 
symptoms had appeared in 34 taxa. Pronounced 
symptoms were observed in 22 of these taxa, while 
8 taxa exhibitC'd mild symptoms « 500/0 of the 
plant or <- 50'70 of the population affected). The 
symptoms in the remaining four taxa were possi­
bly, but nOI clearly. auribulable 10 the treatment . 
since similar symptoms ..... ere observed (bul to a 
lesser extent) in plants in the conlrol plols. These 
34 taxa make up nearl y aU the shrub and forb veg­
etation in the experimental plots, Only Ihree spe­
cies of forbs did nOt develop observable symptoms 
during the 1980 observation period: &xl/raga op­
positifolia on Ihe dry and mesic sites. and Pedlcu­
loris sudetica var. albolabiofO and Saxi/rogo 
/0110(050 on Ihe wet siles. 

Seven of the vascular plan I taxa Ihat dC'veloped 

pronounced symptoms were dwarf or prostrate 
shrubs . Six were willows (Salix spp.): the seventh 

was Dryas inlegri/ofia ssp. infegri/olia. Symptoms 



T.ble S. DeFee.nd chl1llcter of physiologjcal sttess exhibited by plants affected by 5elw.ter ex­

periment . 
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a. Petasites fr igidus surrounded by Salix rotundifolia ssp. rotundifolia at the 

West Dock mesic control site. The purple color 0/ P. ftigidus is normal; the red S. ro­
tundifolia is beginning to senesce. (I Aug /980.) 

... ~ ... 
-"' . .. JI. 

" , 
" 

b. Petasites frigid us after seawater was applied at the West Dock mesic sile. The 
leaf is totally brown, unlike the leaf in Fig. lao (I Aug 1980.) 

Figure 7. Responses of vascular plants to a seawater spill. 
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c. Untreated Salix reticulata ssp. reticulata and Dryas inte· 

grifolia ssp. integrifolia outside the spill area at Drill Site 

No.2 mesic site. The leaves 0/ both taxa are rtd due to normal 

l'nesan«. (I Au, 1980.) 

d. Seawater-treated Salix reticuJata ssp. reticulata in the West Dock mesic spill 

area. Note the eres«nt·sha~ brown aIN at the apical end o/Ihe leaf. This symplom was 
typical 0/5. rtticulala throughoul the spill ateaS and was easily distinguished /rttm natural 
senescen« (Fi,. le). By the end 0/ the o~rvation ~riod the brown arta had increased to 

include the entire blade 0/ mostIN~. (/ Aug 1980.). 

Figure 7 (conl'dJ. Responses ofwllcular plan!! to a .1'eaWtlter spill. 
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e. Salix pu lchra at the West Dock mesic site following the 

seawater (realment. The typical symptom was chlorosis of Ihe 
lealll!S fallowed by browning and desiccation of the apices of the 
lealleS. (/ Aug 1980.) 

f. Salix rotu ndifolia ssp. rOlundifolia al Ihe Wesl Dock 

mesic sile Qjler the sea water treatment. The leallesatlhe bot­
tom of the picture halle lurned completely brown, presumably in 
response to th~ ~waler Irt'almenl. (Compare wilh Fig . 7a.)Th~ 
few green lealles at the top of the piC/Un! art' on a small hummock. 
(I Aug /980.) 

g. Typical symploms observed in Salix arcticajoJ/owing the seawater trealment at 

the Drill Sile No. 2 mesic sile. Th~ apical half oj Ihe leaf blade is brown. (I Aug HMO.) 

Figure 7(cont 'd). 
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h. Dryas inlegrifolia ssp. integrifolia at Drill Site No.1 after the seawater (reat­

ment. The rust-brown color oj the Iutlle(} pla"ts i! rradily distinguishable from the red 0/ 
normal se.nes«n« (FiJS. 7; and j). The symptom progressed from the apiC'D/ end oj the leof 

lawards the baM; the baMs 0/ some of the IN! blad#.$ are still ,fffn. (I A 141 1980.) 

i. Leaves o/Dryas imegrifolia in the comroJ plol a/the Drill Sile No.2 mesic sile in 

1981. The while lichen is Thamnolia subujiformis. 

Figure 7 (com 'd). Responses of l'fl$cu/Qr plants to Q set1'11.-'Qler spill. 
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i LeovesojDryas integrifolia in an experimental plOI 01 the Drill Site No.2 mesic 

site in 1981. These plants produced no new/oliage in 1981. 

k. Salix lanala in the mesic experimental site af Drill Site 

No.2 two weeks ajter the seawater treatment. 

I. Salix lanata in the mesic experimental sile 01 Drill Sile 

No.2 one year after the seowater treatment. No lta\'es were 
produced in /981. (The some plant is pictured in Figure 7k.) 

Figure 7 (cant'd). 
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T_ble 6. Owa,es in pttctnl cover (or principal \'8SCUlu taXil _nd total live vucu1ar 

plUI cover by sHe (or 1980 and 1981 . See _00 T_bles 7. 8 _nd 9. Values (or con· 

trol plots _re liven in pllrentheses. 
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appeared in these: plants within nine da)'li of the 

spiU and by S A uguSt 1980 affeclC~d ncarly all of 
each plant's lea\'cs. Because shrubs represent ed as 

much as 89«1,'0 of the lotal live vascular plant cover 
in some areas. their decline was panicularly con· 
spicuous. T he remaining 14 spedes that were 

strongly affected were forbs . The$e species consti· 

luted le.s!o than S'lu of the vascular plant cover 1.0 
the e.xperimenlal plolS. 

None of the 14 species of graminoicis in (be 
study aJ'eas developed clear symptoms of stress , 

Graminoid spedes make up nearly aU of the vas· 

cular plant veactluion in the wet sites and approx· 

imately a third in Ihe mesic sites. The graminoid· 

dominated wet sites were apPaJ'mUy little affected 

by the seawater (Table 6). The grasses and sedges 

in the mt5ic spill areas appeaJ'ed sH&htiy browneJ 
than those in the control plots; however. the dif· 

ference was nOI great enough to be clearly attri· 

butable to the seawater treatment . There was no 

indication that the few graminoids In the dry sites 

were affected by the seawater treatment. 

Plams in experimental plotS that were lotall)' 

submerged during the period of the spill exhibited 

nearly uniform. species-specific responses to the 

trealment, regardless of differences in microrelief 

within the plot and distance from the spill pOint. 

Where small hummock "islands" projected above 

the ponded seawater. as in some of the mesic sites, 
microrelief affected the rate or degree of symptom 

development in some taxa but not in others. in 

Salix rotundJ/olia ssp. f'Otundifolla . for example. 

more pronounced s)'mptoms appeared in the plants 

in the lower mierosilet, while Salix ,,,,It:ulota ssp. 

reticuiolo and Pelasites /rigidus were seruitin 

resardless of dlffe r en~ in microrelier (Fig. 7a-d). 
The different responses of these taxa may be relat· 

cd to differences in root depth andlor root spread , 
and to the sensitivity of the leaves to seawater. 10 

the melic: and wet Jites the relationship belw~ 

degree of symptom devdopment and microtopo· 
graphicaJ location was strongest during the init iaJ 

two weeks after the spill. 8y 5" August the symp­

toms were nearly uniform within each of tbe taxa 

in these areas. In the dry sites. on the other hand , 

many of the plants on the higher microsites in the 

incompletely submerged plots remained free of 

suess symptoms for the duration of the observa· 

tion puiod. A Dotable eJ(ception is Dryas inlegri· 

jolia ssp . int~rilolia, the: predominant cover in 

tbe dry areas, whicb eventually developed symp· 

tonu in most or the h.igher mkrosites (Tables S 
and 6). This response may be related to the con5id· 

erabte root spread of Dryas integr(/olla. Low 

latera) mobility of salts in the dry-sIte soUs may be 
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responsible for the absence of symptoms in many 
of the other plants on the higher micrositcs . 

The wet-site vegetalion at the West Dock co:t.$· 

tal area developt.od no observable symptoms fol ~ 

lowing the seawater ITcalment. This rC5ult is not 
surpris ing in light of the naturally high conductiv. 

ilY of the soil solution before the spill (Table 3) 

and the evidence of past seawater inundation in 

the area. In addition the vegetation in this site con· 

5ists almost entirely of Cora SUhspolhaceu , <I spe· 

cies common in Alaskan co;.\.StaJ ~It marshes 

(Hulten 1968). On 28 Augu~t 1980 the wet site was 

nearly covered by seawater that had naturally 

nooded the study area ," The experimental and 

comrol plots contained seal¥41er 5-10 em deep, 

wiLh a few hummocks protruding above the water. 

Where microrelief features formed runoff chan · 

nels, such as the troughs adjacent to ice.wed.ge 

polygons in the mesic sites, veselation was dam ~ 

:lied along the channel bouoms. Salix (tticltloto 

and Solix rotllndi/olia appear to be particularly 

sensitive indicators of 1>eawater runoff rOuttS . 

The 1981 observations substantiated the 1980 
trends. The I,ive vascu lar plant covt.r tn the mesic 
and dry s ites was considerably reduced from 

prespill values (T<lble 6). Many of the taJtOl th3t 
had e:thibited extreme ~y mplom, in 1980 produced 

Utile or no fo liage in 1981 . These included the 

shrubs Dryas il/tegri/Qlio and Salix ssp .• which are 

tmponant co~'er taxa in the dry and mesic areas 

(Fig. 7). The forb cover W'l$ noticeably reduced in 
Ih~e sites as weU , with fewer ~peci es and fewer in­
dividuals in the treated plots (Tables 7 and 8). In 

addition there was a reduction in the live cover of 
Cassiope rerrogOlla and Sa:<fjroga opposill/olla, 
species thaI are of moderate jmponance in the me­
sic and dry areas but had oOt developed clear 

symptoms of stress in 1980. White the decrease in 
forb cover did nOI areatly affect the tOtal live 

cover values, it represents a reduction in the diver­

sity or vascular specie.$ within the treatment areas. 

panicularly in the dry siles. Two forb Species. 
8ro)'0 purpllNlScens and Chr),somhemllm inlt~Rri· 
folillm. increased in abundance in at leasl one ex­
perimental plot in the dry sites (Table 8), Both of 

these species are common in salt-affected areas 

a10{lg the coastal bluffs. The new individuals were 

tiny roseues that contributed little to Ihe tOlal 

COlter . The abundance of these species decreased 

in .some of the plots: the incon~istency rna)' be reo 

lated to unequal distribution of salts in the soil. 

• Pcnonal communication with S. Dtlller , Sohio-AJuka p ~ 

troltutn Company_ 



Table 7. Numbers of Y8.SCuiar plant taxa in the experimental and con· 
trol plots for 1980 and 1981 by vegetation catej;oy. 

Numw 0lllQCUltu flAll,-
E~fJ!rl-"tal ~D " COfttrol plot 

Moirt1l1't Grow<> hupll IWDpIU Prt",tll Pwupill 

SI'I: N .... '" form (I NO} (/9811 (19801 ( 19811 

Wetl D()(k Mesic Shrub • , • • 
Am r~b 

, , , , 
Grlmlnokl , , , , 
TOIlI .. • • I 

Wetl Dock W" Shrub • • • • 
Aw r~b • • • • 

OuminoAd , , , , 
TOIII , , , , 

COnlprtlllOr D" Shrub , , , , 
"'" 

Forb " 
,. 

" " .d Grl mino id , , , , 
T .... " " " " 

DrIO Sin M"', Shrllb , , , 
No. 2 roOb • • , 
em Grlminokl 2 , , , 

£qut.n.m • • 
Total " • " " 

Drill Sill W .. Shrub • • • , 
No. 2 Fo<b 2 

, 
Cw Oramlnoid • • , , 

£qut.t1Im 

TOIII " 
,. • I 

Gt-lvtl Pk "'" "".b 
, , 

D. For" 
,. , • I 

Grlmlnokl , , 
TOIlI " 

, ,. ,. 
..... MHk Shrllb • , • • 
'm FoOb , , 

Gnmlnokl • • 2 2 

Toul 

" 
I , , 

hdF Woo Shrub , , • , 
.'" roOb I • 1 , 

erlmlooid • • • • 
TOIlI " " " " 

"TOlal rOt: Ihrt:e upt:rimmlll plol •. 

The graminoid tan did nOI appear to have been 5 and II August 1982. Although no cover esti· 

adversely affected by the seawater treatment ex· mates were made, partial recovery of the willows 

cept in the Drill Site No.2 mesic site, where a was apparent in the West Dock mesic site and the 

slight reduction in li ve cover was observed. Flow· Compressor Plant dry site; live foliage had in· 

ering of the graminoids in the experimentaJ plots creased since 1981. The remaining sites appeared 

was approximately equivalent to that in the can- much as they had in 1981 ; there were no signs of 

Irol plots. further recovery . 

The dry and mesic sites were observed brieny on 
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Table 8. Numbers o( individuals o( selected vascular plant taxa «(orbs) in the exper-

imental and control plots (or 1980 and 1981 . 

Nllmbrr ollndlPo'idllllu 

t.-1t p!rfm~tttlJl piOU CotttTOi plou 

"'oblUrt! Pr ~splll P03uplll Pntplll PotUplfl 

Si'~ CfI~.cwy Taxon ( I 980} (/981) (1980) (lIJS1 ) 

Well Dock Me$i(: PU1l3l,n fHIIdIU (3) · " " 10 " Am 

Wnl Dock W" None 

Aw 

COmpreqor 0., A~,"lt" bort!41/b (I) , , 
Plant 01tYtTOpU nigTnan3 ( 1) , 0 , , .. Drg/J4 cr. alpin" (3) • 0 , -t 

Brg)", pll rpll~ '1f ( I ) " 10 

TargX"Cllm , , 
p~ymo IOClIrpum <l) 

Parenrl/Ill pulchd/a <l) J , 0 0 

p"ptlW!' llIpponfcum < I ) , 0 0 0 

C~ryllln t Mmll'" 
, 

" Int~xri{oIlllm (3) 

Drill Site "".,sic: p"ptlW!' mtlcou"ff (3) " 0 0 0 

No. l PIJptlwr fllpP<'"lctlm (I) 0 , , 
Cm Clvy_n,""".,I1", , 0 0 0 

itUl!!trl/o/ium (3) 

Drg/J4 d. II/pitt/: (2) 9 0 , , 

Drill Sile W., Pedicllltuit AIId~ tic. " " 
0 

No. l Sip. albollb"'. (I) 

Cw 

Gr.vel Pit 0., P4Irryll nudfcvullJ (2) , 0 0 0 

0' Chry.n,MmuIII , , , , 
intrv(folillm (3) 

01tytTOpU dl!!/ll!!xII ( I ) • 0 , 
BrtJ)'II p l'P""'l«nt (3) , , , 
P~dlclllll , 1J ' p. (l) 0 

PolYIfOttllm ~1~Jpo",m (1) , 0 , , 
Paptlw!' mocou,,/i ( I) , 0 0 0 

"" Muk Ptdiculll,{J .p. n l , 0 
, , 

Em 

Po" W., S4xffrag" {0 1;o105 (3) " 
., 

" " Ew 

"The number or uperlmenlal plou in whl(:h lndlvlduall wua roun ted is li .... n in paren theK$. 

tNol counted. 

Cryp1oa." rtlpoue 
During the 1980 observation period there was a 

general browning of the predominant bryophytes 
in some of the experimental plots, particularly in 
the Drill Site No. 2 mesic and wet sites. However, 

this also occurred in some of the surrounding un­
treated area, and to a lesser degr« in the control 
plots, so it was not clearly attributable to the sea­

water treatment. By 13 August 1980 dormancy of 
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the bryophytes throughout the st udy area had pro· 
gressed to the point whert there was no apparent 

difference between those in the spill area and those 

outside it. 
The 1981 observations helped to clarify the bry­

ophyte response. Nearly all of the bryophyte cover 

in the mesic and dry experimental plots remained 
brown throughout the summer of 1981 . However, 

the bryophytes in the dry·site control plots pro· 

I 



T.bk! 9. Chlnaes in percent Ih-e ~tltion COftl' by JrOwtb form in the experimental 
and connol plots for 1980 and 1981 . 
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duced only slightl y more green growth than those 
in Lhe experimental plou (Table 9) . The browner 

condition of the mosses in the dry sites in 1981 
may be due 10 differences in precipitation bet .... 'een 
1980 and 1981. The August·September precipita· 
tion in 1981 was only 40'10 of that in 1980 for the 

same period.· Within the mesic sites. on the other 
hand. the live (green) bryo phyte cover was about 

80'" in the Conlrol plou, and the average values 
for tbe experimental plots ranged from 0 to 7~ • . 

The smaU amount of green bryophyte growth was 

somewhat obscured by the surrounding brown 

material, making it difficuh to determine the rela­

tive abundance of the dirferent species. Allor the 

species produCtd some green growth in .some 

plots. No conclusions could be drawn regarding 

the relative resilience of dirferent bryophyte taxa , 

The bryophytes in the mesic areas were undoubt­

edJy affected adversely by the seawater treatment. 

However. sinct: these plants typically become dor­

mant during a.dverse conditions and resume 

growth when conditioru improve. the lona-term 

effects on these plants cannot be predicted. The 
bryophytes in Ihe wet sites appeared much the 

same in the experimentaJ and control plots, except 

for a si ngle plot at Drill Site No. 2 in whieb tbe 
bryophyles appeared to be somewhat discolored . 

No licben ta.u developed observable symptoms 

in 1980 following seawater treatment. In 1981 the 

majority of tbe Uchens still appeared to have been 

unaffected. However. two rolio~ species, Pelt/­
,era aphthoso and Solorina $aCCafa, became qwte 

discolored and .showed indications of decomposi­

tion . The white, fruticose lichen Thamnolia sub· 
uti/ormis apparently increased in abundance In the 

Drill Slle No. 2 mesic site. 

SHe r.don Ind pll.1 mpoDSf, 
In terms of the number of toa and the Clover 

values of the affected taxa. the impact of the sea­

water treatment was mOSt severe in the mesic an d 

dry sites . The: wet sites were on1y mildly affected 
(fable to, fi,s. 8. 9). Because the seawater pen~ 

trated rapidly into the dry-s ite soils, a siIDJfJcantly 

smaller t Urrace area was inundated in tbese sites 

than in the mesic and wet sites. While this dirfer· 

ence is not necessarily reflected in tbe quadrat 

dala. it should be coo~dered in evaluating the 

relative impaCt -at the various shes. 

Of the three mesic: sites, OriU Site No. 2 WSllhe 

most severely affected. In 198) only one torb spc-

"Persona.! comm.unication "';th R. Hluacn. CRREL. 1981. 
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cics . Senecio afropurpureus. was observed in the 

experimental plots at thjs site (three small indM­
duab) . One shrub, SiJlix orctica, produced a few 

leaves and a calkin in early JUne; however. by 
mid·July the leaves had withered and abscised . 

None or the other shrubs in the experimental plots 

at this site produced foliage during 1981 . II may be 

significant thaI Drill Site No.2 had the highest 

soil-solution conductivity or the three mesic sites­
in 1981. In the other two mesicsitcs some forb and 
shrub growth was evident in 1981 . While the shrub 

foliage was greatly reduced in these siles. a few 

leaves were produced by three of the four species 

al each site. The shrub foliage in these sites ap­
peared to increase sligbtly between mid-July and 

mid·August . The new foliage In tbe West Oock. 
site appeared to be hea1thy, while some of the wil· 

lows in the Pad F site developed a chlorotlc ap­

pearance similar to that observed after the sea­
water tre8tme.Qt in 1980. 

The effects of tbe seawater lrtatment on the two 

dry sites were approximateJy equivalent. Vegeta­

lion damage in these two sites was patchy and 

probably related to the uneven penetration of the 

seawater. 

The responses of the vegetation aI the thrtt weI 

sites are not comparable. The wet site al West 

Dock experienced a natural seawater inundation 

during the faU or 1980. In the Pad F wet site the 

vegetative cover deteriorated in 1981 in both the 

control and the experimental areas. Then wa$ 
c:ons.iderabty leS! ,reen Dreporu)((adus tycopo­

dioider Vat . brtvl/olius cover than in the previous 

year, and individuals of Drobo spp. were less 
abundant . The conductivity of the soil solution 

was abnormally hiih . These observations suggest 

that there may be some unknown source of con­

lamination in the area. so the site may not provjd~ 

a reliable standard by which to measure the effects. 

of We; seawater treatment . 
Except where the seawater spill did not reach all 

three plots (i.e. at tbe Gravel Pit dry site). the ex­

Itn! to which the plants in th( experimental plots 

wert affCC1ed appeared to be independent of the 

dIstance from the spill point . An exception to this 

was tbe wet site at Drill Site No . 2. where some: of 

the mosses In the plot closest to the spill point ap­

peared discolored in 1981, whUe the mosses in the 

more distant plots did not . Some plants. notably 

the willows. developed symptoms throughout the 

spill areas) in some cases up to 10 m from the ac.­

tual spill point . None of the plants, even those 

closest to the spill points, appeared to have been 

damaged by the physical impact of the water 15 it 

was applied to the plots . 



Table. 10. Vascular plant response in relation to l ite factors. PtrcentaJt:s are mean wlues 

for three experimental plots. 

""""- Prr~""'If! of 

A ppro.drPIIJ tr Numbcrof ""' ~ - lOud 1/"" - =. wi .. ..ualmr pili'" 

Mo/stlln CQ ..,.,.t:d b y ll/fr:ertd chlMorle COI't:, «/ft:e rt:rJ 

sttt: k)carlo" ~"""" 
SoU metio" q>iJr (m2) ~/NO 9'mp,oml In J 980 

Welt Dock Mule Adelle ... , 
" 

6l 

Am 

Wut Doc.k· W .. Addk " • • • 
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o. Control plol 01 the Compressor Plant dry sile. 

Figure 8. Differences between control and e.xperimenta( plots in 1981. 

24 



b. Experimental plol at the Compressor Plant dry sil/!. The live vegt'lorh't' 001'(,' 

decmlsni from 43% in /980 (0 15'" in 1981 ot this silt'. 

c. Control plot a/the Drill Site No. } mesic site. 

Figun 8 (cont'dj. 
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d. Experimental plol at the Drill Sill' No.2 mesic site. The gray color is primarily due 
10 dead Dryas integrifolia. The live \'egelatill(! coyer decreased from 107" in 1980 to 264'" 

in /981 a/ this site. 

e. Control plol at the Drill Sile No.2 weI sileo 

Figure 8 (cont'd). Differences between control and experimental plot! in 1981. 
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I Experimental plOI at the Drill Site No.2 wei site. The seawater apparently had /if/Ie 
effect on fhe wet-site \"egetalion. 

• o • 
0"' 

0 1980 P,ul)iII Vol ... 

~ 1 981 PO"llIln Vol .. , 

C 

MES IC 

, • 
WET 

Figure 9. Percent live cover Jor 011 vegetotion in the experi­
mental plots prior 10 the seawaler treatment in 1980 and 
one year ofter [he trealment. The rover values ore the mealls 

for the three experimental plols 0/ each sile. Frulicose and crus· 

tose lichens were considered to be alive; brown mosses we(e COII­

sidered dead. (A: West Dock; B: Compressor Plam; C: Drill Site 
No.2; D: Gravel Pit; E: Pad F.) Sn also Tables 6-9. 
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Except for the West Docie wet site the extent to 
which the plants were affected by the .seawaler 

treatment was the same in the coastal as in the in­
land sites; however. the brief o bservations made in 

1982 suggest that recovery 1s lIkely to be more 

rapid in the coastal sites_ SoU reaction did nol ap­

pear to be significam in determining pl ant re­

sponses (Table 10). 

For the short term the saltwater sensitivit ies of 
most geobOlanicaJ map units are simi.lar to tbe oil­

spill serusitivites discussed by Walker et a1. (1978). 

However, in the dry sites, oil will even tually de­

compose, but salt may actually become more con­

centrated in some parts o f the profile . The wet 

sites, on the other hand , arc more likelY to be com­
pletely flushed of excess sail in a relatively shon 

time, depending, of course, on the size of low. 

lying basins. The impact of oil spills may be more 

apparent at first, but the effects of saltwater spills 
may prove to Jast longer. paniculariy in dry areas. 

Soil nora and rnracellutar soU enzymes 

At all sites there was a significant decrease in the 

soil enzyme activity in the seawater-treated soBs 
(Table 11 ). The decrease in cellulase activity re­

fl ects decreased hydrolysis of the plant residue cel­

lulose to glucose, a carbon source readily assimi­
lated by soil flo ra. This should reflect a significant 

Table I J. Soil enzyme activity in experimental and 

control plots a t Drill Site No .2 , Pad F and West Dock . 
BndocdhU.lse activity is expressed as units per hr per 

11m dry weiaht of !IOU, exocellulase aClivity IS mg 

IIlucose equjvalen ts produced per hr per mg dry 

weiaht of soil, and phosphltallt act ivity IS mil para. 
nilrophenol releued per br per gm dry weialll of 

so il. The standard deviations are in parentheses. 

Sol1 l!' l'1::),ml!' tu:rtvt ry 

Ei"do~ lIl1 liJ~ 

Cm 3.2 (0.9) 4.3 (J.O) " Em 8.1 (2.2) 11.2 (:l.O) " Am 8.1 (2.0) 14.1 (2. 1) ., 
E.xo«UII/aAII! 

e m 7.1 ( 1.2) 12.~ (3.0) ., 
Em 26.7 (4.0) 3S.4 (4.5) " Am S8 .8 (6.2) 8S. 1 (10.1) " 

Ph01pM IQ8I!' 

Cm !il9.3 ( 100.0) sao (100.0) " Em 2022 .0 (24 1.6) H9S (2S6.0) " Am 1360.6 (180.0) 1126 (96.S) 2. 
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decrease in an important carbon source in July 
and August. since ceUuJose is an important oxida­

tive base for microbial carbon dfoxide production 

in tundra soils al tbese times (Linkins et al. 1980). 
In all the seawater-treated mesic plou there was 

a significant (2511('0) decrease in phosphatase activi­

ty. Phosphatase activity represents the enzymatic 

hydrolysis of organic phosphomonoesters to free 

inorganic phosphorus. which is presumably a 
fo rm of phosphorus more available to soil micro­

flora and plant roots (Speir and Ross 1978). The 

reduction in phosphatase activity, then , represents 

a reduction in the total available inorganic phos­

phorus in these soils. Because available phos­
phorus is often a limiting factor for plant growth 

in Arctic Coastal Plain soils, this redUction may be 

very important (Chapin et aI. 1978). 

Since enzyme activity was assayed under sub­

strate-saturating conditions (uro order), it should 
represent the amount or enzyme present. These 

data. then. show a significant lou ot eoxymes 

rrom these soil systems. Because the enzymes are 

adsorbed, their loss could be because the ell%)'lDcs 
are less stable in the soluble state, because they 

percolated from the organic horizons, or because 

they were immediately denatured by the salt solu­

tion. Regardless of the mechanism the enzyme loss 

represents a loss of potentially available carbon 

and phosphorus to the soil nora. 

The reduction in the soil respiration rales (Table 

12) shows that microbial acliyity was significantly 

reductd in all seawater-treated soils. This repre­
sents either a direct reduction in microflora oxida­

ti ve actiVity due to salt kill or a reduction in avail­

able carbon and phosphorus. Since tbeconductiv ~ 

ity levels of the soil50lutions were very near those 

measured during the first year or the treatment, 
the lower soil respiration rates probably renect 

both of tbese ractors. 
Deciduous shrubs with ectomycorrhizat root 

systems seemed to be the most susceptible to sea­

water damage (Simmons et aJ . 1980), probably 
due in part to the relatively shallow roots of lhC3e 

plants. Analyses of the root classes and measure­

ments or root respiration rates showed that silnifi­
cant changes still existed one year after UU.lnJent 

(Tables 12 and 13). 
In all treated plots. respiration rates of rOOI! 

judged to be viable (Antibu.s and LinkiDS 1978, 

Linkins and Antibus 1978, Linkins et aI . 1978) 

were reduced 21-83Cft from the controls (Table 

12). The number of viable roots was reduced 

31-62'10 . orten with significant changes in the 

composition or the roolS (determined by the arti· 
ficial classification o f roots by mantle color) 



Table 12. Soil and ectomyconhizal root respiration rates in ex· 
perimental and control plots at Drill Site No.2. Pad F and West 

Dock . Respirllton rllea are expressed as ~L 02 per hr per am 
dry weiaht of soil for soils and J.!L 02 per hr per am dry weiahl 
of root for roots. The standlld deviations Ile in parentheses. 

R ~~in Hlon fTlU 

CNCI'riUt! 

S<u Pltlnr sp#:CII!" Ex~rlmcnr<ll plot" Co",ro l plo u f!1 
,.Ib 

Cm 9.l (1.9) 20.2 (J.O) " Em lO.l (S .O) lS.2 (0.9) " Am 36.9 (4.8) 46.9 (t .8) " 
Root" 

Cm $<I//x <lrcnCII IS.1 (3.0) 85.5 (5.2) 83 

Em SDllx rerinl/ot<l u p. 30.5 (8.1) 62.2 (10.1) 
'" retlculara 

Am Salix r o nmdi/olla ssp. 38.0 (6.9) 48.1 (8.2) " rotundi/olia 

Table 13. Ectomyconh.izal root composition in experimental and control 

plou at Drill Site No.2 , Pad F and West Dock. OUa lie expressed IS num· 
ber of roots in a color class per em l of !IOil. and are the mean or the 10t.1 
rool counts for three samples. The stuMilld deviltkms are in p.rentheses. 

Roo,.. Sire Manr~ colo r 

Sullx <lrctla Cm While 

Black 

Brown 

NonmycorrhiJ..I1 

Toul 

Salix retfcu14tG Em While 

.p. retlcula ra Black 

Brown 

Nonmycorrhbal 

TOI. I 

Sullx ronmdi/ofla Am Whlle 

up. rorundf/of14 Black 

Brown 

Nonmycorrhil.ll 

TaUI 

(Table 13). Since ectomycorrhiza1 roots with dif­

ferent mantle colors have different seasonal res­

piration rates and phosphatase and cellulase activ­

ities (Antibus and Linkins 1981. linkiru and Anti­

bus 19821. b) and different resistances to osmotic 

stress (Mexal and Reid 1913), the loss of total root 

biomass as well as changes in specific mycorrhizal 

components of the roots could significantly alter 

the ability of these plants to survive . 
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Number of roors 

".....~ 

t::xpeTimenral ploU Con"ol PUH" ('41 

4. 10 (0.50) 5.90 (0.50) 

1.27 (0.70) 2.35 (0. 18) 

1.17 (0.1 9) 0.6l (0. 12) 

0.2 I (0.05) O.lO (0.06) 

6.75 (0.85) 9.18 (0.86) " 
0.21 (O.60) 6.60 (1.00) 

4.15(1.50) 4.63 (1.70) 

0 0.8\ (0.10) 

0 0.18 (0.02) 

4.l6 (2 .10) 12.22 (l.l2) " 
0.75 (0.25) 2.28 (1.00) 

2.0 1 (0.90) 1.80 (0.82) 

0.20 (0.2 5) 0.l5 (0.l2) 

0 0.24 (O.IS) 

2.96 (1.40) 4.67 (2.19) " 

LimilaUool or Ibls study 

This study. initiated in response to the imminent 
construction of the Water flood pipetine in the 

Prudhoe Bay oilfield, was intended to provide a 

first approximation of the effects of seawater on 

representative tundra plant communities. The re­

sults clearly demonstrate the susceptibility of a sig­

nificant component of the tundra vegetation to 

damage by seawater. However. these results 



shou ld be inlerpreted in light of the following 
pOints: 

1) Since the seawater was not confined to the ell:· 
perimemal plots, the amount of water each plot 

received could not ~ accurately determined . 

2) The lack of a freshwater control makes it dif· 

fkult to distinguish between sall·related and inun­

dation-related effects. However, it is unlikely that 

the effect of the standing water (aside from the ef­

fects of the salts) was detrimental to the vegeta­

tion. The effecis of increased soil moisture in the 
wet and mesic sites can be neglected because the 

soils in these sites are constantly saturated or near­

ly saturated. In the dry sites the shortness of the 

period of surface saturation following the .spill 

suggests that saturation-related effects are negligi­

ble in these areas as well. 

3) The results from the experiment apply only to 

the given experimental conditions. A spill during a 

different season could be expected to have differ­

ent effects on the vegetation. A considerably 

larger spill might not be as effectively diluted by 

the ambienuoil water and could have a detrimen­

tal effect on even the wettest sites, particularly if 

the water were confined. as in the basin of a small 

pond . 

SUMMARV AND CONCLUSIONS 

A $ingle, s8turatin,g application of seawater to 

tundra plants during the 1980 growing season in­

duced symptoms of physiological stress in 21 vas­

cutae plant tau (7 shrubs and 14 forbs) . Initial 

symptoms appeared within two weeks of the appli· 

cation and typically consisted of leaf deteriora· 
tion, followed in s~me taxa by leaf abscission. 
While a few plants, which had produced buds 

prior to treatment, nowered in spite of significant 

leaf det~ioration, there was no Sigh of r«overy in 

any of the damaged plants during the month fol ­
lowing the seawater treatment . One )'ear later the 

live vascular plant cover in the dry and mesic expe· 

rimental sites had decreased markedly. The live 

bryophyte cover in the mesic sites was greatJy re­

duced as well. Reduced cover values were reported 

for nearly all of the vascular taxa that bad 

developed clear symptoms of 5-tress during the 

1980 obsen'ation period, as well as for five addi­

tional taxa. ~ ' lany taxa of vascular plants failed to 

reappeal 10 the: dry and mesic. c:(perimcntai plots 

In 1981; the number of vascular plant talta was 

thus reduced by 20-73". in these sites. The reduc­

tion in live vegetative cover ranged from 6J to 

86Ofo in Lhe same sites. The seawater treatment ap-
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parently had liule effect_ on the vegetation in the 
wet sites. Neither the number- of species nor the 

total live "egetalive c.oyer decreased markedly. 
Nearly a ll of the shrubs and forbs in the treated 

areas were adversely affected by the seawater. 'The 

low salt tolerances of Dryas iflleg,i/Qlia and six 
species of SQlixare particularly significant because 

these plants constitute the predominant. vascu lar 

plant cover In m4l1y dry and mesic tundra habi­

tats. Graminoids, the predominant vascular planls 

in wet areas, appeared to be unaffected by the 

seawater treatment in aU but one of the sites. 

There was no indjcation in 1981 that otber vascu­

lar species had begun to colonize any of the experi· 

mental sites. Only two lichen lUa developed 
symptoms within the year following Iht seawater 

t.reatment; however, symptoms may simply devel· 

op more slowly in these plants. 

Cryptogams, particularly mosses, provide much 

of the vegetative cover in tundra habitats. III the 

wet and mesic study sites, bryophytes form a near­

ly continuous mat over the soil substrate. These 
plants protect the soil surface from erosion, help 

insulate and maintain the underlying permafrost, 

and help provide a habitat for new plant growth . 

The bryophyte response was hard to interpret inj· 

tially because the treated plants developed cond)­

tions that looked like normal dormancy. and 

many bryophYltS in the untreated areas surround· 
ing the experimental plots became dormant short­

ly a ft er the s pill , However. the 1981 vegeiaUOn 
data dearly indicate that the bryophytes in the 

mesic sites were adversely affected by the treat­

ment ; nearly all of the bryophyte cover in these ex­

perimental sites remained brown throughout the 

1981 observation period. Decause dormancy al· 
lows bryopbytes 10 survive adverse conditions and 

resume growth when conditions impro"e, long­
term observations are required to determine the 
ability of these plams to recover from the effects 

of seawater. 

Tbe wet sites wefe the least severely affected by 

the seawater spill. The relative resilience of the 
vegetation in these sites can be attributed to dilu­

tion by the soil water and to the predominance of 

graminoid vegetation. The vascular planl reo 
sponses at the much more strongly perturbed 

mesic and dry sites were roughly eqilivalenl. 

Slightly more of the total vascular plant cover was 

damaged in the dry-site experimental plots; how­

ever. the mesic·site spills inundated larger $\Irface 

areas . Be<:ause there is a larger percentage of bryG­

phytes in the mesic sites than in the dry shes -and 

the bryophytes did not produce· much new grow~h 
in 1981, the percentage decrease in the total vege-



lalive cover was much greater in the mesic sites 
lhan in the dry sites. The 198 1 live cover values for 

the two types of sites were. nearly equivalent, bul 
long-term dirferences in the recovery potentials of 
dry and mesic sites may become apparent. Brief 
observatjons in 1982 .suggest that coastal sites are 

likely to recover more ra l)idly than inland sites. 

There is no apparent pattern 10 the losses or en­

zyme activity at the different plots , even though 
the West Dock site normally has higher soil solu· 

tion conduct ivity va lues. Since so li ttle is known 

about the baseline microbiological struct ural and 

(unctional difrerences among these tundra sites. 

speculalton about the differences in response is 

poinlless. All that can be said is that significant 

enzyme losses were apparent in all seawater­

treated plots. 

SoIl and root< respiration dcx:reases from the sea· 

water treat ment, however, do seem 1,0 be rehued to 

$oil~sohUio n conductiVity. In bolh cases the 

smalle~t decrease in respiration rate occurred at 

the West Dock site; these data suggest that more 
of the .soil nora were resistant to saltwater ex­

posure thete. Allhough the total number of viable 

mycorr.hizal root tips does not seem to be related 

to the soil solution characteristics at the plOIS, the 

l urvi'vu.l of specific types or mycorrhizal roots may 

be. Examining the fu nctions or these different 

rOOl ly~ should allow us to understand the 
nat ure or the impact and the prospects for survjval 

of these plants. 
In summary, the seawater spi ll cxpcrimenl 

showed that the major plant communities of the 
Prudhoe Bay region have different tolerances to 

seawater spills. T hese differences renect dif­

ferences in the physiologicaJ tolerances of the 

speci.es making up the communities, as well as dif­

ferences in soi l moisture among the sites in which 

the communities occur. Inrormation on the ·sen· 
sitivities or major plant communities along the 

regional moisture gradient will be used in produc­
ing seawater sensitivity maps that will be userul 

for routing Waternood pipelines and for directing 
cleanup operations in the event of a seawater spill. 

The physiological responses of the Illdividual 
tundra species are not well understood. Dryus I n ~ 

tegrifo/ia and the deciduous shr ubs with ec­

lomycorrhizal root systems. such as the willows, 

appear to be particularly sensitive to seawater 

splJls. These plants form the major component of 

the vascular vegetation in mesic and dry sites. A 

purl ion of this study examined soil enzyme activi· 

IY, soU respiration and mycorrhizal root respira­

lion in the willows one year after the seawater 

treatment: all were markedly rC'duced in the plots 
Ite:ued with seawater. 
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APPEN DI X: PLANT TAXA INCLUDED IN T HIS STUDY 

VASCULA R PLANTS 

Voucher collections for all taxa were sent to the herbaria of the University of Color­

ado (vascular plants and lichens) and the University of Alaska (bryophytes). Plant 

names are according to HulH~n (1968) for vascular plants, Hale and Culberson 

(1970) for lichens and Crum el al. (1973) for bryophyte5. 

Androsacr chatnaejasme Host. ssp. lehmanniona (Spreng.) Hull. 

Arremisio borealis Pal l. 

Astragalus umbel/allis Bunge 

Braya purpura5cens (R. Dr.) Bunge 

Curdamine hyperborea O.E. Schulz ( :: C. digitalo Richards. ) 

Corex QQuotilis Wahlenb. (includi ng C. Siuns Drej .) 

Corex bigelowi; Torr . 
Corex membranacea Hook . 

Corex misondra R. Dr. 

Carex rariflora (Wahlenh.) J.E. Sm. 

Carex rupesfris All. 

Corex scirpoidea Michx . 
Corex Subspafhacea Wormsk. 

Cassiope fefragono (L.) D. Don ssp. tetragona 

Chrysanthemum integrifolium Richards. 

Drabo hina L. ( =. D. glabella Pursch) 
·Drabo cr. (ocfeo Adams 

Drabo mocrocarpo Adams (= D. bellii Holm) 

Drobo sp. 
Dryo.s integrifolio M . Vahl ssp. integrifoJia 

Dllponfio fisheri R. Sr . cr. ssp. psifosantha 

·Equistlum \loriegofum Schleich. 

Eriophorum angu.stijofill1n Honck. ssp. subarctiCllln (Vassil,) Hult. 

·Eriophorum cr. russeofum Fr. 

Eriophorllm vogina/um L. 

EUfremo edwardsii R. Sr. 
Juncu.s biglumis L. 

·Juncus sp. 
Lloydia serofina (L.) Rchb. 

Mefandrium affine J . Vahl I"" Silene in llolucrafa (Cham. and Schlecht.) Bocq.j 
Melandrium apefo/um (L.) Fenzl . ss p. arcticum (Fr.) Hu lt . ( :: Silene urolenst's 

(Rupr.) Bocquetj 

Minuartia arctica (Stev.) Aschers and Graebn. 

Oxylropis dtiflexo (Pall.) DC. var. folioloso (Hook.) Barneby 
OXYlropis nigrescen.s (Pall.) Fisch. ssp. bryophi/a (Greene) Hult . 

Popaver lapponicmn (Tolm .) Nordh . ssp. occidentale (lundstr .) Knaben 

Popover marounit' Greene 

Porryo nudicaulis (l.) Regel. ssp. nudicaulis 

PedicuJoris capitafa Adams 

Pediculoris kanei Durand (= P. lonola Cham . and Schlecht.) 

PedicuJaris .sudefica Willd . ssp. olbolabiofa 

· Indicales field identifications only (no voucher specimens). 
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Pe/osires frigidus (L.) Franch. 
Polygonum ~iviparum L. 

POlentilla pulchello R. Sr . 
Primulo borealis Duby 

Puccinellia andersonii Swallen 

Solix arclicQ Pall . 
Salix lanala L. ssp. richordsonii (Hook.) A. Skvonz. 

Salix ova/ifolia Traulv . vaL ovoli/ofia 

Solix pulchro Cham. r E Salix plani/olio Pursh ssp. pulchro (Cham.) Argus var. 

pulchraJ 

Salix reticulolo L. ssp. reticuloto 

Salix (olUndi/o/ia Traulv. ssp. TOlundi/olio 

Saxifrago cernUQ L. 
&xi/rogo Jolioloso R. Br. 

Soxifrago hirculus L. 
Soxifraga opposiri/ofia L. ssp. opposirijo/io 

Sedu", rasea (L.) Scap. ssp. integrifolium (Raf.) Hult. 

Senecio orropurpureus (Ledeb.) Fedtsch. ssp. Jrigidus (Richards.) Hult. 

Silene DeDI/lis L. 

Stellor;o edwardsii R. Sr. 

SreJ/orio /uela Richards. 
Taraxacum phymotocarpum J. Vahl 

MOSSfS 

·AulacQmnilim acuminatum (lindb. and Arn~lI) Kindb. 

Aulacomnium polustre (Hedw.) Schwa~gr . 

A ulacomnium turgidllm (Wahlenb.) Sch .... aegr. 

Brachythecillm sp. 
Bryum cf. pseudotriquetrum (Hedw.) Gawn .• Meyer and Scherb. 

Calliergon richardsoni; (Mitt.) Kindb. ex Warnst. 

Calliergon surmenloSlim (Wahlenb.) Kindb . 

Campylillm slellalum (Hedw.) C. Jens. var. arcticum (Williams) Sav.-ljub. 

CalOscopium nigritum (Hedw.) Orid . 

Cillclidillm /alijo/ium Lindb . 
Diuanllm scoparillm Hedw. 
Dicranu", cf. spodicellm Zett. 

Distichium capillaceum (Hedw.) 8 .S.G. 

Distichium sp. 

DitricJwm flexicuule (Schwaegr.) Hampe 
Drepolloc/adlls Iycopo<iioides (Brid.) Warnst. var. bre'llijolill.s (Lindb.) Moenk 

Dreponocladlls re'lloJ'IIens (Sw.) Warns!. 

-Drepanocladus uncinutus (Hedw.) Warnst. 

·Encalypta sp. 
Hylocomium sp/endens (Hedw.) 8 .S.0. 

Hypnllm bambergeri Schimp. 

Hypnum procl'rrimum Mol. 

Hypnum revo/mum (Mitt.) lindb. 

Hypnum sp. 

Meesia triquetra (RiehL) Angstr. 

Mnium rugicum laur. ( = Plagiomnium elliplicum) 

Oncophorus wahlenbergii Bdd. 

-Indica tes field identifications only (no voucher specimens). 
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Orthorhecium chryseum (Schw3~gr . ex Shultrs) 8 .S.G. 

Pogonalum alpinurn (Hedw.) Roehl. ( :: PolYlr ichastrlulI alp ;numj 

Polytrichum juniperinum Hedw. 

Thllidiutll obietinum (Hedw.) 8 .S.G. 

Tomen/hypnu'" nilens (Hedw.) loeske 

Tortula ruralis (Heelw.) Gacrln .• Meyer and Scherb. 

HEPATICS 

Prilidillm ciliare (Web.) Hampe 

LIC HENS 

Alec/oria lIigricans (Ach.) Nyl. 

eo/OplOeD sp . 

Cetrariu C/lelll/aia (Bell .) Ach . 

Ce/rario is/af/dieo (L.) Ach. 

Ce/rorio n;vuUs (l.) Ach. 

Cetrario richordsonii Hook . 

· Clodonio d . gracilis (L.) WiUd. 

· Cladoniu cf. squamosa ($cop.) H orrm. 

Claclonio sp . 

COrt/ieu/aria divergens Ach. 
Doc/ylina orclieo (Hook.) Ny!. 

EI"ern ia per/fogi/is Llano 

Fulgensia bracleala (Hoffm.) Raes. 
Hypogymnio slioobscura (Vain.) Poell . 

Lecanoro epibryon (Ach.) Ach . 

-Nephroma sp. 

·Ochrolechia frigida (Sw.) Lynge 

·Perlllsaria sp . 

·Physconia muscigena (Ach.) p ~lt 

Solorina saccara (L.) Ach. 

TI/amllo/ia sllbuliformis (Ehrh.) W. Culb . 
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