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The vegetation of the Oregon coast is characterized by a 

variety of stages of plant succession which are repeated widely 

throughout the sand dune area, During the years from 1960 to 1963 

the gradation of upland sand dune succession was studied on 48 plots 

within a 150 mile section of the Oregon coastline. An effort was 

made to describe these various sand dune communities and to relate 

them according to their successional sequence. Both plot and plot- 

less techniques were used to obtain data for frequency, cover, densi- 

ty and dominance. This latter factor was expressed by basal area at 

breast height for the tree species. 

Some of the physical factors of the salt spray community were 

examined such as salt spray tolerance, salt spray as a nutrient 

source, response of plants to low nutrient levels in beach sand, 



moisture and sand movement. Vascular plants were collected and 

identified. 

The results may be summarized as follows: 

Successional stages characteristic of the upland areas of the 

coastal sand dunes may be represented by nine different communities. 

According to the ordination these communities grade from the pri- 

mary, herbaceous plants to the near climax forest tree species. In 

this ordination single values represented stands. The value of the 

ordination was checked by the manner in which the distribution of the 

individual species is related to the gradient. Some plants were 

uniquely distinct for a given community while other species graded 

from one community to another. The distribution of the plant species 

appeared to confirm the validity of the more objective ordination. 

The response of coastal vegetation to effects of salt spray is 

seen in a pruning effect where plants are subjected to the drier, salt - 

laden northwest winds of summer months. The salt tolerance of 

herbaceous plants on the raw dunes is greater than those plants grow- 

ing in the more sheltered areas along the sides of the more exposed 

dunes. Shrubs and trees are often quite tolerant to the salt spray ex- 

cept for the new vegetative parts of the plant in the spring of the year. 

Various concentrations of sea water were applied to certain 

plants characteristic of the early stages in succession to determine 



the possibility of sea water serving as a nutrient source. Holcus was 

the only species which appeared to show a favorable response to the 

treatments. Among the plants tested, Hypocheris showed the great- 

est reduction in growth, with Convolvulus and Senecio showing a grad- 

ual reduction of growth with increasing concentrations of sea water 

spray. The possibility of sea water as an aid in growth in certain 

plants of the sand dune environment is suggested. 

Plants of Senecio sylvaticus from the coast and from a valley 

location were tested for their response to low nutrient levels when 

grown in beach sand. Coastal Senecio generally grew better than the 

valley Senecio when six major mineral nutrients were supplied, and 

when these nutrients were eliminated one by one both in beach sand 

and in water cultures. Based on this study there is the suggestion 

that there are two physiological races of Senecio. Such adaptations 

may also exist in other species common to the coastal sand dunes and 

also found on other types of soils in western Oregon. 

Moisture was found to be limiting to plants of the secondary 

vegetation of the sand dunes during the dry summer months, but not 

limiting in the primary vegetation of the dunes. The plants of the 

primary stage generally seem able to endure longer periods of mois- 

ture stress than those of the secondary stage. Certain plants of the 

primary stage in succession have some morphological features which 

suggest certain adaptive advantages with respect to evaporation 



stress. 

In many areas there is little net gain or loss of sand on the 

dune surface during the course of a year. However, large amounts 

of sand are moved and deposited at the ends of the winter dunes. An 

accumulation of sand in a local area causes a swift change in the 

composition of vegetation. Sites receiving fresh sand on the top of 

secondary vegetation change rapidly, with only primary plants in- 

vading or surviving. Sand movement appears critical in seedling 

germination and establishment, with the plants from the secondary 

stages in succession showing a more deleterious effect from deep 

covering of seeds than plants from the primary stage. 
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SUCCESSION AND CERTAIN ADAPTATIVE FEATURES 
OF PLANTS NATIVE TO THE SAND DUNES 

OF THE OREGON COAST 

INTRODUCTION 

Sand dune succession has captured the attention of plant ecol- 

ogists for a number of years. Rapid changes of microenvironments 

related to the shifting surfaces of the sand are accompanied by rapid 

changes in plant composition. The marked features of the sand dune 

flora adapted to these dynamic conditions provide an excellent oppor- 

tunity for the ecologist to study plant environment interactions. 

Cowles (30, p. 96) related valid reasons for first studying 

succession on sand dunes when he wrote in 1899: 

There is no topograph form more unstable than found in 
sand dunes. Thus plant societies, organs and tissues 
are obliged to adapt themselves to a new mode of life 
within years instead of centuries. The penalty for lack 
of adaptation is death. The habitat is favorable for study, 
as the perplexing problems do not arise from previous 
vegetation. Any plant society is the joint product of pre- 
sent and past environment. The moving sand often buries 
the past, and the dune is thus a new world for plant con- 
quest, subject to existing physical conditions. 

Martin and Clements (59, p. 1) in 1939 also stated very well 

this appeal of dunes for the present type of study when they said, 

The dunes of oceans and lakes the world over have been 
favorite objects of ecological investigations for more 
than half a century, and their communities have contri- 
buted much to the concepts of dynamic ecology. 

The Oregon coastal dunes are found along 45 percent of the 
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coastline, consisting of dunes of greater or lesser magnitude. These 

areas have a similar climate and soil, with the substratum composed 

of basically the same material. Constantly blowing winds and salt 

spray affect the coastal vegetation, the effects varying directly in 

proportion to the distance from the ocean. These similarities have 

produced an environment which is harsh but uniform. All stages of 

plant succession in the area can be seen. 

Although dune studies have been rewarding during the past 

three quarters of a century, few have been made of the Pacific 

coastal area. In 1914 House (50) published a short account of the 

Coos Bay dunes; Cooper (26, p. 147 -187) in 1936 wrote of vegetation 

along the entire Pacific coast of North America, including the pre- 

sent study area; McLaughlin and Brown (65, p. 1-46) in 1942 noted 

methods of controlling the moving sand of the Coos Bay and Clatsop 

Plain dunes; in 1950 Byrd (19, p. 1-44) measured some physical 

features on the dunes at Waldport, Oregon; and in 1958 Cooper (27, 

p. 1 -169) wrote of coastal sand dunes of Oregon and Washington. 

None of these studies has described the plant succession character- 

istics of the Oregon sand dunes, nor have these dealt with the physi- 

ological reactions of the more typical plants of the sand dune environ- 

ment. 

A primary object of this work has been a description of the 

various successional stages which are repeated throughout the coastal 

j 

l 
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dune area. A second objective was a study of some adaptations of 

these dune plants to some of the more pronounced factors of environ- 

ment such as effects of salt spray and wind, moisture, fertility 

levels and sand movement. 
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REVIEW OF LITERATURE 

Plant Succession on Sand 

In 1899 Cowles (30, p. 95) published his classic study of the 

Lake Michigan sand dunes. He sought to discover laws which govern- 

ed successional changes by the study of plant "formations." These 

plants were rapidly passing into other types of communities by reason 

of a changing environment. Attention was directed to processes in 

dune formation and to ecological factors governed by physical and 

biotic agencies. A wide variety in growth response was noted within 

the more stabilized dune areas. 

Clute (25, p. 1 -92) in 1931 made a successional study of 

swamp and dune in Indiana, which lay side by side, and merged into 

the prairie. His study was mainly a description of the life cycle of 

dune and swamp plants with the purpose of understanding the succes- 

sional status of the plants. In the same year Wells and Shunk (95, 

p. 465 -520) studied the coastal plain of the southeastern part of the 

United States, describing the vegetation and the organization of corn - 

munities. They used the classification concepts of Clements. Five 

distinct communities were found: extreme xeric, xeric, xero -mesic, 

mesic and hydric phases of oak -grass associations. An attempt was 

made to relate certain environmental factors to the pattern of 
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succession. 

In studies from 1928 to 1938, Martin and Clements (59, p. 1- 

107) sought to study plant adaptations. A coastal garden was organ- 

ized at Santa Barbara and later a dune garden was installed nearby. 

Instruments, phytometers and transplants were maintained through- 

out the growing season at both places in an effort to understand inter- 

relations between sand dune plants and their environment. 

Studies of succession in the tropics were made in 1946 by 

Gooding (40, p. 124). He described three tropical sand dunes and 

found three more or less clear vegetational zones. He attempted to 

correlate these zones with soil analyses, and found that as the dis- 

tance from the sea increased, the moisture holding capacity of the 

soil was augmented because of added amounts of humus present. He 

also found that the salt content in the soil water increased and that 

the pH of the soil decreased. 

Wright (101) in 1955 studied the profile development in sand 

dunes of Culbin Forest, Morayshire, England. Recently mobile 

dunes were "fixed" by a thatching cover of Corsican pine branches 

and plantings of pine trees. In older successional stages where trees 

occurred naturally, ranging in age from 12 to 80 years, there was 

increasing profile development. A correlation was found between 

moisture holding capacity of the soil and root density, as well as be- 

tween amounts of humus and moisture holding capacity. 
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Olson (66, p. 125) in 1958 studied succession and soil changes 

on Lake Michigan sand dunes, following the early investigations of 

Cowles in this same general area. New methods for determining the 

age of the dunes opened new possibilities for estimating long -term 

rates of succession and soil development. The study followed the 

soil -plant relationships during dune development from the barren, 

shifting sand to the old dune forest. The classic concept of comparing 

a series of areas which differed in age was used often, since only 

rarely could sample areas be found that were exactly comparable in 

all independent variables except age. Olson's specific methods were 

concerned with the evaluation of estimating dune age (which varied 

from 0 to 12, 000 years); standardizing other independent variables, 

or separating them and relating them to the time factor; and sampling 

the dependent variables consisting mainly of vegetation and soil --pro- 

files, cation exchange capacity, amounts of nutrients, mechanical 

analyses, and amounts of organic carbon. The vegetation was found 

to be characterized by pioneer dune grasses followed by herbs associ- 

ated with dune grasses, shrubs, pioneer pine communities with grass 

undercover which was followed by "mesophytic" forest undercover. 

A quantitative study of sand dune vegetation and its associated 

environment was made by Willis et al. (99, p. 249) in 1959 on the 

Braunton Barrows in the British Isles. Soil profiles were investigated 

at many sites and many detailed analyses were made. Climate factors 
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of rainfall, temperature and wind velocity were studied and vegeta- 

tion was classified as to communities. An attempt was made to cor- 

relate certain environmental factors with the successional pattern. 

The traditional pattern of progression from mobile dunes on the fore- 

shore to fixed dunes further inland was inadequate to account for the 

structure and vegetation of the main dunes at Braunton. Records of 

seven years gave no evidence of a regular increase in perennial 

species stabilizing the sand between clumps of marram grass. The 

vegetation appeared to be maintained in an open and dynamic state by 

sand redistribution and by the disposition of small quantities of sand 

derived from the crest and sides of the dunes. There was a consid- 

erable fluctuation from year to year in the vegetation in the mixed 

marram grass sites, largely among annuals and biennials with little 

effect on stabilization. 

The first published work dealing with sand dune succession on 

the Pacific coast appeared in 1914. House (50) conducted studies in 

the Coos Bay area and noted that in this dune area, forests existed 

only in patches, almost always in depressions or ravines formed by 

adjacent dunes. He believed that this indicated the former level of the 

ground before the invasion of dunes and that the forests were formerly 

more extensive, probably during a period of greater humidity than at 

the time of his study. 

Purer (75, p. 1 -87) in 1936 studied certain coastal sand dune 

. 

. 
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plants of southern California. Eleven species were chosen and in- 

vestigated as pioneer or invader species. Particular attention was 

directed to root development. Other factors studied were size, 

gross morphology, rate of growth, time of flowering, depth of roots 

and types of roots. Some effort was made to relate the environment- 

al conditions to the successional pattern of the plants. 

Also in 1936 Cooper (26, p. 147 -187) made a study of strand 

and dune flora of the Pacific coast from Alaska to Socorro, Baja 

California. He found that the flora comprised two groups distinguish- 

ed by environmental preferences: (a) species of strand and shifting 

dunes; (b) species of stabilized dunes. The different species were 

discussed individually. ,Cooper found that the flora of the stable 

dunes was much less definite, and selection of a representative list 

was consequently more difficult. In Washington and Oregon, such 

areas were occupied by shrubs and forest trees having no relation to 

strictly maritime conditions. The different species were discussed 

individually as to location along the coastline. 

Jones (51, p. 15 -64) in 1936 completed a botanical survey of 

the Olympic peninsula in the state of Washington, using the Raunkiaer 

system of life forms. This area, while not on sand, is closely re- 

lated to some of the vegetation found on the stabilized dunes. Jones 

found two outstanding physiographic and climatic peculiarities of this 

area. These were its isolated position and the striking contrast 
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between the excessive precipitation on its western slope and the arid- 

ity of the northeastern portion of the area. The vegetation fell natu- 

rally into four climatic formations, with areas containing plants that 

were limited in their distribution chiefly by conditions of temperature 

and moisture. There was a moderately high percentage of endemic 

plants. Thirteen percent of the species were adventive and these 

were increasing at the rate of about three species per year. Jones' 

general conclusion was that the endemic plants were relicts. 

McLaughlin and Brown (65, p. 1 -46) in 1942 worked at the 

problem of sand dune stabilization on the dunes south of Florence, 

Oregon and on the Clatsop Plains near Astoria, Oregon. The causes 

of coastal dunes, including recent disturbance, were studied. As a 

result of this analysis, stabilization of dunes by accelerating natural 

processes was applied. Ammophila arenaria was planted in the win- 

ter by using vegetative shoots. In the spring this beach grass grew 

up through the winter deposits of sand. An intermediate stage was the 

planting of native legumes such as Lupinus littoralis, Lathyrus 

littoralis and L. japonicus which survive on moving sand. Grasses 

were added as the sand movement lessened, and other legumes also 

were added such as Trifolium procumbens, T. repens and T. 

involucratum. The final stage was the introduction of woody species 

such as Cytistus scoparius, Salix hookeriana, Pinus contorta, Picea 

sitchensis and Tsuga heterophylla. Other species native to the sand 
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dunes were tested but not recommended. These species provided 

insufficient cover in the winter because the tops died back or because 

the aerial portions were inadequate in size. 

In 1950 Byrd (19, p. 1 -44) worked on the vegetation zones of 

the coastal dunes immediately north of Alsea Bay near Waldport, 

Oregon. The purpose of the study was to determine if the combina- 

tion of the physical factors influenced the vegetational zonation of the 

sand dunes. Physical factors considered were quantitative accumula- 

tion ratios of salt spray, wind velocity, vapor pressure deficits, 

rates of evaporation, soil pH and rate and direction of sand movement. 

The vegetation of the region showed a definite, natural zonation which 

was due to a combination of the physical factors of the environment 

rather than to a single limiting factor. Factors most influential in 

the zonation were found to be accumulation of sand and salt and sur- 

face evaporation of soil moisture. These were directly related to 

wind velocity. The findings of this study agreed, according to the 

author, with the overall zonation of the plants of the coastal strand 

proposed by Cooper (26, p. 147 -187) in 1936. 
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Physical Aspects of Dune Sand Movement 

When we consider the medium in which the primary coastal 

flora grows and the changing topography of the sand dunes, the im- 

portance of the physical aspects of wind and sand movement are 

apparent. 

Common sand is described by Olsson -Seffer (67, p. 11) as 

being 2,100 times heavier than dry air, while only 2. 5 to 2.7 times 

heavier than water. A strong breeze is required to raise quartz sand. 

Most eolian movement of sand occurs with wind velocities of from 31 

to 62 miles per hour. Such winds are variable in action. Sand par- 

ticles picked up by the stronger gusts are quickly dropped as the wind 

slackens. The larger grains make jumps and touch the ground from 

time to time, while the smaller grains are often carried forward in 

the form of clouds. Olsson -Seffer associates the following wind -ve- 

locity and sand -size relationships: at a velocity of 4. 5 meters per 

second (ten miles an hour) grains 0.25 millimeters in size slide along 

the ground, but at a velocity of 15 meters per second (34 miles per 

hour) grains 1. 0 millimeter in size are lifted high in the air. These 

movements of sand grains depend on their volume as well as size. 

Since most grains are irregular, they slide rather than roll. The 

movement depends on volume, so that when the wind is not too strong, 

the grains slide along the ground. They may be lifted up during 
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strong gusts. As wind velocity decreases they fall again at a certain 

angle and rebound at the same angle. Some coarser sand grains 

sometimes are lifted up as high as two meters. In such a case they 

may be carried as much as 12 meters from the place of origin. 

Bagnold (7, p. 19 -37) also experimented with this problem of 

sand movement and has given a very satisfactory picture of the me- 

chanics of dislodgment and transport of sand grains. He found, as 

did Olsson -Seffer, that initial dislodgment was due to direct wind 

pressure. He called the modes of sand transport (1) suspension, 

(2) saltation, and (3) surface creep. He noted that most sand grains 

were too large to be carried in true suspension, but upward currents 

could check the descent of a grain and cause it to travel a consider- 

able distance through the air. 

Bagnold observed in saltation that the grains moved "like 

ping -pong balls, " and struck the surface at a low angle; if the grains 

themselves were not dislodged, the grains doing the striking re- 

bounded into the air for a second leap. If the sand grains were uni- 

form, most of the saltating grains would "splash," forming little 

craters, but in the process ejecting one to several grains, which 

joined the saltation. 

The grains in surface creep, he found, received their momen- 

tum by direct impact from saltation and not directly from the wind. 

He said, 
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Individual grains are knocked onward by the blow they re- 
ceive from behind. At low speed they can be seen to move 
in jerks, a few millimeters at a time; but as the wind ve- 
locity is raised, the distance moved lengthens ... , till 
in high winds the whole surface appears to be creeping 
slowly forward .... Of the total weight of sand which 
flows past a fixed mark per second the surface creep ac- 
counts for between a quarter and a fifth. 

Olsson -Seffer (67, p. 10 -13) found that eolian sand deposits 

exhibited a different composition and structure from water sand de- 

deposits. The transporting power of water was considerably greater 

than that of wind. It necessarily followed that the material moved by 

aqueous agencies varied more in size than that carried by wind. The 

eolian deposits were generally straticulate, he observed, with finer 

and coarser laminae succeeding each other in definite alternations. 

There was not the evenness of layers which characterized aqueous 

deposits. Gusty winds tended, by their denuding as well as trans- 

porting power, to make the upper surfaces wavy rather than smooth. 

Any barrier such as a tuft of grass, caused a heaping of sand grains 

around the obstacle and made curving surfaces in the heaps of sand, 

due to the eddies of air currents. 

This same effect was noted by Bagnold (7, p. 35). After the 

sand movement had gone on for a short time, the surface became uni- 

formly rippled. The crests and troughs formed were at right angles 

to the wind direction. Since the ripples advanced down -wind at a 

slightly greater rate where the wind was strongest, the crests were 
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generally curved backwards on each side. With sand of nearly uni- 

form size the ripples were very flat. As the sizes of the sand grains 

departed from uniformity, the symmetry was reduced, and the lee 

slopes became steeper. The height of the crest above the trough 

greatly increased, and the ripples were much more noticeable. The 

ripple length or distance from crest to crest increased with the 

strength of the wind. 

According to Olsson -Seffer (67, p. 24 -26), dunes are most 

common where the sand is almost purely siliceous and where little 

vegetation occurs. The source of dune sand may be either diluvial 

sand laid bare or sand from the beach. Winds carry the sun -dried 

sand further inland. Because of the unstable nature of sand, the 

dunes may not attain any considerable elevation. The sand deposited 

by the wind on the summit of a hill is always in a state of unstable 

equilibrium. It has a constant tendency to be precipitated down the 

other side. The higher the summit, the greater is this tendency. The 

dune at last arrives at a point where no further accumulation is pos- 

sible. The dune still continues to grow, extending its base and in- 

creasing its dimensions but not its elevation. The size and height 

depend on the distance from the sea and the strength of the winds. 

Dunes are formed in lines transverse to the wind in unobstructed 

place, parallel to the wind in places where there is some kind of 

obstruction in the path of the wind. 
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Cowles (30, p. 191) found that the growth of dunes and vegeta- 

tion in the Lake Michigan area might go on for years, but that this 

was not common. Large mounds do not continue to accumulate sand, 

because the plants, being farther from their source of water, do not 

grow as well. In addition, the desiccating influence of radiant energy 

and of wind on the aerial parts of the plants became greater as the 

years pass because of the greater degree of exposure for the plants 

growing on the higher levels of the mound. The dune -forming plants 

do not have infinite duration of growth. In one way or another, dune 

formation ceases in place, and wandering dunes begin again. The 

wind- fashioned dune has a windward slope of five degrees and, be- 

cause of the destructive action of the wind, this surface is rough. 

The leeward slope is steeper, about 30 degrees, and has a smooth, 

even surface. 

In describing the Oregon coastal dunes under conditions of 

summer, Cooper (27, p. 28 -29) states that crests of dunes could be 

traced for long distances, that they are far from uniform, and that 

they show a succession of arching summits with cols between. He 

found the windward slopes of the ridges long and gentle, with various 

authors giving figures from similar dunes ranging from 3 to 12 degrees.. 

The lee slopes were characterized by a slipface, the steepest possible 

for sliding sand, averaging about 33 degrees. In some places the 

slipface was absent, and the lee slope was gentle from top to bottom. 
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Sand erosion and accretion changes were studied by Ranwell 

(76, p. 83) at Newborough Warren, Anglesey, England in 1958. The 

changes were noted on 100 sites of partially vegetated dunes. The 

rates of inward movement varied from five to ten feet per year on 

stable dunes to 22 feet on mobile dunes. A zone of erosion of 60 feet 

to the windward of the dune crest occurred on mobile dunes. On lee 

slopes the sand accumulated up to two to three feet per year, and 

sand erosion was up to three to four feet per year on the most mobile 

dune. A three day summer gale with winds of 46 miles per hour 

showed changes in sand levels of 1. 5 feet. 

Coastal dunes differed from desert dunes, according to King 

(53, p. 225), in the important part played by vegetation. The coastal 

dunes were usually able to support more vegetation than desert dunes. 

The significant coastal plants were the sand - loving grasses, particu- 

larly Marram (Ammophila arenaria). The south Lincolnshire coast 

of England illustrated the important part played by coastal vegetation 

in the stages of dune growth and colonization. The early plants in 

succession were Cakile maritima and Salsola kali followed by grasses. 

In areas where vegetation did not play an important part, transverse 

and oblique ridge forms were found. The transverse ridges were 

formed by the summer winds. The oblique ridges were dependent on 

winds from two directions and were larger and more stable in posi- 

tion. . 
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In the tropics Morton (63) found a general absence of dunes. 

There was usually a level, low bank of sand caused by wave action. 

However, on the Gold Coast in Africa on the west side of the lagoon 

at Old Ningo, there were dunes up to 18 feet high. Scaevolaplumiera 

was responsible for the growth and colonization of these dunes. This 

plant is a broad leaved, succulent plant with woody stems and short 

underground rhizomes. 
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The Salt Factor 

The harmful effects of salt spray on vegetation was recognized 

by observers long ago. Some comments are found in published litera- 

ture more than 150 years old. In 1805 Salisbury (81) noted that when- 

ever the wind was strong enough to produce white caps at sea, it was 

necessary to keep plants on shipboard closely covered. He also re- 

ported a storm of salt which fell January, 1803 in England and 

questioned whether the injurious effects on plants were caused "by 

stopping the pores or leaves and preventing perspiration." 

Beck (10) in 1819 made observations on salt storms and the 

influence of salt upon animal and vegetable life in the northeastern 

part of the United States. Ackroyd (2) in 1839 described a gale in the 

British Isles in which trees and hedges in many places, such as 

Huddersfield and Longton, appeared to be covered with a white frost. 

On analysis this proved to be a briny deposit which the wind had 

brought from the Irish Sea. 

Little et al. (57) reported that in the New England hurricane 

of 1938 trees were killed by salt as far as 45 miles inland. There 

was heavy precipitation during the storm, but most of the rain fell 

before the maximum velocities of wind were reached. Edlin (37) 

described a salt storm in 1943 on the south coast of England in which 

there were high winds with little rain and bright sunshine for ten days. 
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He concluded that the main damage to trees was limited to the time 

when the above weather conditions were present. Trees still in bud 

or with a hard epidermis on leaves escaped damage. Little et al. 

(57) also described severe damage to Lobolly pine forests resulting 

from salt spray carried by Hurricane Hazel in 1954. Salt spray de- 

posits killed the foliage of exposed pines as far as two miles from 

Chesapeake Bay. 

In addition to these reports of salt storms, a number of 

studies have dealt with plant responses to salt spray, commonly as- 

sociated with the coastal environment. Kearney (52, p. 424 -436) in 

1904 observed plants at Woods Hole, Massachusetts; Long Beach, 

California; and Norfolk, Virginia. He concluded that plants of sandy 

beaches were not generally halophytic and that the distinctly xero- 

phytic character of the sand strand vegetation was related to other 

factors including salt bearing winds. Blackledge (1 1) in 1913 found 

that the amount of sodium chloride in the soil water had no effect on 

the proportion found in the plant tissues of non -halophytes, but that 

there was a direct absorption of chlorides.by leaves. 

Boyce (16, p. 29 -67) reviewed some of the above mentioned 

articles and others on the effects of salt spray. In these, wind versus 

salt and chlorine as the chief damaging factors were argued. Coulter, 

Barnes and Cowles (29, p. 250) summarized these arguments by 

stating that two theories had been put forward to account for 
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asymmetry of coastal plants, neither of which had adequate experi- 

mental evidence. One theory maintained that the stronger transpira- 

tion on the seaward or windward side caused the branches to die ear- 

liest there. The other theory maintained that salt particles in the 

spray accounted for the destruction of branches. These writers noted 

that it was possible that both theories were valid, the two factors 

supplementing each other. 

Boyce (16, p. 46) in 1954 found that normal sea water caused 

injury that resulted in death to most plants studied. Since sodium and 

chlorine make up about 85 percent of the total salts in sea water, it 

was assumed that these ions were responsible for most of the injury. 

It was not known whether the injuries were due to sodium or chloride 

ions, or whether any combination of salts of the same concentration 

as sea water would cause similar injuries. 

Following up this question Boyce (16, p. 46) studied plant re- 

sponses to solutions containing different ion concentrations. In the 

first solution the ratio of ions was close to that found in sea water, 

the salinity being 34. 3. In a second solution, sodium and sulfate ions 

were predominant, while in a third, the highest ion concentration was 

potassium and chlorine. A fourth solution had both sodium and 

chlorine ions reduced to a minimum. As with the first solution, the 

salinity of these additional solutions was kept close to 34.3. Plants 

were sprayed three times a day with these solutions. Necrosis and 

( 

J 
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the death of coastal plants was caused primarily by the solutions in 

which there was a concentration of chlorine ions. This did not mean 

that other ions had no toxic effects at high concentrations, but rather 

that it was a matter of the chlorine ions reaching detrimental concen- 

trations long before other ions caused injury. 

In other experiments Boodle (12) found that leaves immersed 

in sea water for 12 to 27 hours showed an increase in salt content 

and a higher osmotic pressure. There was first a loss in weight up 

to three to six hours, indicating extraction of water from the leaf. 

After this there was a progressive increase in weight as the leaf cells 

overcame plasmolysis. In most cases, when leaves were immersed 

in sea water from 12 to 27 hours, solutions stronger than sea water 

were required to plasmolyze cells from these leaves. 

Boyce (14) reproduced salt hypertrophy in the laboratory by 

increasing the concentration of sea water until incipient plasmylosis 

occurred. As the cells regained turgidity the concentration of salt 

in the cells was increased. After repeating the process several 

times, the cells had about doubled in size in 72 hours and did not 

return to normal size. 

Further studies by Boyce (14) involving titrations with leaves 

showed that those leaves from plants found growing on the sand dunes 

had cells with low salt concentrations, even in regions with much salt 

spray. Titrations indicated that such salts that entered the leaves 
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were first translocated to the tops of leaves, then to margins, and 

then to the whole leaf. Translocation did not appear to induce hyper- 

trophy in protected leaves, and was not found only in meristematic 

tissues, but also in mature leaves. As a result of salt accumulation 

in vacuoles there was an increase of turgor pressure and a resulting 

expansion of cell walls. Salt hypertrophy was correlated with the 

tolerance of the species to high salt deposition. The species most 

tolerant to high salt concentrations had the greatest mass of non - 

chlorenchymous parenchyma cells and swelled the most when sub- 

jected to high salt concentrations. The less tolerant species had 

little non- chlorenchymous parenchyma and swelled least. 

In another study, Boyce (16, p. 54) studied the translocation 

of chlorine to the leeward side of the plants and found that the chlo- 

rine deposited on the windward side was not transported in large 

enough quantities to cause damage on the leeward leaves. 

Kearney (52, p. 435), Martin and Clements (59, p. 1 -107) and 

Oosting and Billings (70, p. 131 -142) found little salinity and no 

effect between salinity in the soil and plant distribution. The surface 

layer of dunes had a high concentration of chlorides while the under- 

lying layers had low chlorides. Boyce (16, p. 38) quoting Hill and 

Hanley, Osburn and Wood, and Gooding attributed this surface crust 

to winds and salt spray. A negligible amount of chlorides were ab- 

sorbed by plant roots, since these chlorides remained on the surface 

^1 
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until it rained and then were carried down rapidly. 

In addition to these studies of plant responses, observations 

have been made of the distribution of salt and its movement inland. 

In 1938 Wells and Shunk (94) diagnosed salt spray carried over the 

foredunes as the most important factor in influencing growth form, 

zonation and succession in coastal plots. They recorded spray dam- 

age 1.25 miles inland on the North Carolina coast. On fresh water 

estuaries near the Chowan River, Albemarle Sound, where the wind 

velocity was only slightly less than that over the dunes, there was not 

the slightest indication of asymmetrical growth. On the dunes, in- 

jured shoots and slightly protected uninjured ones were titrated for 

chlorates and a marked contrast was found between the exposed 

shoots and those slightly protected. Shoots of a number of woody 

plants were hand sprayed with sea water, and a pattern of injury sim- 

ilar to the injury observed on the seaside shrubs was obtained. 

These workers further explained the absence of more inland species 

on the basis of salt spray. 

Oosting and Billings (70, p. 131 -142) in 1942 and Oosting (69) 

in 1945 confirmed the investigations of Wells and, Shunk near 

Beaufort, North Carolina. However, they were unable to associate 

the distribution of coastal plants with the measured intensity of soil 

moisture, soil temperature, soil pH, air temperature, relative 

humidity, evaporation or soil salt content. By using a special "salt 

. 
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trap" and artifically spraying coastal plants with sea water, they 

were able to correlate the tolerance of individual plants and their 

subsequent zonation with the intensity of air borne salt spray. 

Boyce (15) pointed out that the sea was the primary source of 

hygroscopic salts in the atmospheric condensation process and was 

the main source of iodine in the soil. Bubbles of seawater between 

0.8 to 2.0 millimeters in diameter ejected more droplets to a great- 

er height than either larger or smaller bubbles. With a wind veloc- 

ity of four to six kilometers per hour (2.5 to 3. 7 miles per hour) an 

average of 2.3 milligrams of salt per decimeter of cheesecloth was 

measured in an eight hour period at 270 meters (885 feet) from the 

ocean. Filter paper made sensitive to chlorine by the use of potas- 

sium chromate and silver nitrate was held in front of a breaking 

wave. Droplets of salt spray formed light yellow spots on the paper. 

In this position the spots ranged from 4 to 20 millimeters in diameter 

and rarely showed evidence of small dots. When held above an oscil- 

lating swash or dashing action of water between breaking waves and 

the strand, it was immediately covered with small spots ranging from 

four millimeters to barely perceptible spots. The droplets were 

ejected into the air by bursting bubbles of the swash and spume or 

frothy foam when the droplets were small enough to be carried by the 

wind. 

Another technique to measure wind -borne salt was used by 
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Oosting and Billings (70, p. 132). Their "salt trap" consisted of an 

eight inch square of cheesecloth which had been boiled in distilled wa- 

ter. A square decimeter of cloth was carefully removed, was soaked 

in distilled water and titrated with silver nitrate, using potassium 

chromate as an indicator. This was assumed to be a fair indication of 

the relative amounts of salt carried to different stations and of the salt 

content of the air which comes in contact with the plants. 

In studies of the deposition of salt spray, Boyce (16, p. 41) 

found that the size of salt spray droplets deposited on coastal plants 

will vary with'the size and position of the collecting surface, the leaves 

and twigs. Pine needles were found to be more efficient collectors of 

smaller droplets and accumulated more salt per unit area than large 

leaves. It was thought that leaf size and orientation might be factors 

influencing the tolerance of plants to salt spray. Oiled glass slides 

such as were described by Houghton and Radford (49, p. 7 -10) were 

used as spray collectors. The slides were cut in the shape of coastal 

leaves and exposed 30 seconds. Since the size of drops varied with the 

vapor pressure of the atmosphere, accurate comparisons could be 

made only under the same conditions of temperature and relative hu- 

midity. In every case the largest numbers of small droplets (less than 

20 microns) occurred at the tip and margin of the slide. When artifi- 

cial leaves were made from salt sensitive paper and exposed from five 

to ten minutes, the highest deposition of salt was not as on the slides, 
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but from the base to the middle of the leaf. When the flapping tip was 

made rigid there was an even deposition. Disposition on twigs was 

similar to that on leaves, with the highest concentration on the wind- 

ward side and little on the leeward. On entire plants with a large, 

uniform surface there was a lower deposition efficiency than on an ir- 

regular, rough surface. A shrub with an upright, open crown, having 

projecting twigs had a high, uniform deposition efficiency; whereas a 

shrub with a uniformly closed crown would have a uniform large sur- 

face and a low deposition efficiency. The latter kinds of plants were 

more frequently found on coastal dunes where there was salt spray. 
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The Fertility Factor 

Investigators have sought to find the source of nutrients for 

plants growing in the sand dune environment. Wright (102) studied the 

distribution of major nutrients in the profile of sand dune sites as 

brought about by plant uptake and the subsequent return to the sand as 

litter. Plants studied were species of Ammophila, Pinus and Betula. 

Three main processes were found to be taking place in sand with re- 

spect to the nutrient economy: removal by leaching, removal by plants, 

and replenishment of the surface layers from litter. Seven depths 

ranging from the surface to 86 inches were used to study the amounts 

of nutrients removed by the older trees. It was found that nutrients 

from the lower layers were contributed to the upper layers through the 

addition of leaf litter. Analysis showed redistribution of nutrients was 

on a greater scale than was suggested by inspection of the profiles in 

the field. 

Wright also found a correlation between amounts of the major 

plant nutrients and the size of the sand grains. Available potassium, 

magnesium, sodium and phosphorous were found in humus -free sam- 

ples to be in greater amounts in the smallest grain size classes. This 

was especially prominent for the phosphorous. Wright explained this 

by the fact that phosphorous was derived from the heavy mineral apa- 

tite, which by wind sorting was found mainly in the smallest size 
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classes of the sand. In spite of its abundance in these size classes of 

sand, the general level of phosphorous was found to be extremely low. 

It was also found that leaching of soluble nutrients became appreciable 

in a short time after stabilization of the dunes with vegetation. 

Wright (103) also found abnormalities in the nutrient uptake by 

Corsican pine growing on sand dunes, and that there were monthly var- 

iations in foliar nitrogen, potassium, calcium, magnesium and phos- 

phorous. This might have been correlated with monthly changes in 

available moisture in the rooting zone. 

A number of workers have suspected that one of the greatest 

sources of plant nutrients in sea coast sand dunes was from salt spray. 

In his discussion of salt and rain Woodcock (100) stated that droplets 

ejected from the water surface which was covered with organic matter, 

came out coated with this material. It was also known, he observed, 

that sometimes small sea organisms and parts of plankton were in- 

cluded in the droplets. Thus, he felt that oceans might supply a sub- 

stantial part of the plant nutrients. 

Harvey (46, p. 3), Sverdrup et al. (87, p. 123), and Matthews 

(60, p. 666) in analyses of sea water found that the salt content of 

oceans ranged from 3. 8 to 3. 3 percent. Nine ions constituted 99.5 per- 

cent of the salts in solution, which was expressed as salinity or ap- 

proximately the weight in grams of dry salts in 100 grams of sea water. 

Sverdrup et al. (87, p. 50) found that regardless of the absolute 
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concentration, the relative proportions of the different major constitu- 

ents are virtually constant, except in regions of high dilution (low sa- 

linity) where minor deviations occur. From this rule it followed that 

any one of the major constituents might be used as a measure of the 

others, and of the total amount of salt. Thus, water samples having 

the same total salt content, regardless of their source, are virtually 

identical in their chemical properties. It was found impossible to de- 

termine the total quantity of dissolved salts by direct chemical analy- 

sis, since it was impossible to obtain reproducible results by evapo- 

rating sea water to dryness and weighing the residue. It was mainly 

the chlorides which were lost in the last stages of drying. Chlorine 

ions make up about 55 percent of the dissolved solids and can be easily 

determined. The empirical relationship between salinity and chlorinity 

was determined as: 

Salinity = O. 03 + 1. 805 (Chlorinity). 

Both salinity and chlorinity are expressed in grams per kilogram of sea 

water. The chlorinity that appears is also a defined quantity and does 

not represent the actual amount of chlorine in a sample of sea water. 

It also includes bromine and iodine, on the assumption that these have 

been replaced by chlorine. 

Sverdrup et al. (87, p. 165) quoted the analyses of Dittmas on 

77 water samples which were representative of all the oceans. The 

following ions were found: 
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Ion Percentage 

Chlorine 
Bromine 

55. 04 
0. 19 

SO4 7.68 
CO3 0.21 
HCO3 0.41 
Fluorine 0.00 (Trace) 
H3BO3 0. 07 
Magnesium 3.69 
Calcium 1.16 
Strontium 0. 04 
Potassium 1.10 
Sodium 30.61 

Also present in small amounts were sulfur, organic matter carbon, 

silicon, nitrogen, aluminum, lithium, phosphorous, barium, iodine, 

arsenic, iron and manganese. 

Boyce (16, p. 62) found that few mineral ions were furnished by 

sand dunes for plants. He also stated that normal sea water contained 

all of the necessary mineral ions in sufficient quantities for normal 

plant growth, except for nitrogen and phosphorous. Sverdrup et al. 

(87, p. 239 -246) showed total nitrate- nitrite and ammonia -nitrogen 

were rarely as high as 50 micro- gram -atoms per liter and usually less 

than half this amount. Available phosphorous was found to be rarely 

as high as 2 micro - gram -atoms per liter and usually much less. 

In water culture studies by Mothes, quoted by Boyce (16, p. 62) 

it was found that there was a marked reduction in sodium chloride up- 

take by Coleus when it was grown in solutions with high available nitro- 

gen. When grown in cultures with high available sodium chloride and 
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low available nitrogen the plants were small, xeromorphic, and suc- 

culent. The high available nitrogen allowed salt sensitive plants to 

succeed in saline conditions that otherwise would have been fatal. 

Meyer and Anderson (61, p. 639) found that when nitrogen was 

relatively low, the plants were small, had thick -walled cells, thick 

cuticle, greater stomatal frequency and more mechanical and scle- 

renchymatous tissue. On the basis of this study Boyce (16, p. 62) 

postulated that low available nitrogen or phosphorous would influence 

the tolerance of certain species of plants to salt spray. In his studies 

involving plots back of the foredunes where all the plants were exposed 

to salt spray, plants treated with superphosphate showed slightly better 

growth than the untreated plants. Plants treated with nitrogen exhibited 

a favorable response, but were more easily damaged by salt spray than 

those plants not receiving nitrogen. 
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The Moisture Factor 

Vegetation growing on sand dunes shows many xeric features. 

There is easy percolation of water through the sand, and the water 

holding capacity of the sand is not high. Wright (101) noted a field 

capacity from five to six percent and this wilting point between O. 5 and 

0.9 percent for sands of Culbin Forest, Morayshire, England. 

In 1949 Veihmeyer and Hendrickson (92, p. 75) stated that the 

soil moisture could be measured as the mass of water per unit -mass of 

dry soil, but that this ratio without some base or standard for compari- 

son had little value. A soil might have a high moisture content; yet, it 

was not known if little moisture was available to plants or if more could 

be stored. These workers felt that only two soil moisture conditions 

or constants were important in plant growth: (1) field capacity or the 

maximum water that could be stored in a soil and (2) the permanent 

wilting percentage or the lower limit of readily available water which 

was constant in a given soil. They defined field capacity as the amount 

of water which was held after the excess had drained away, usually two 

to three days after a rain. They also defined the permanent wilting per- 

centage as the stage where the leaves of a plant first underwent perma- 

nent wilting and did not recover in a saturated atmosphere without the 

addition of water to the soil. 

Over recent years it has become clear that the availability of 
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soil water for plant growth is closely related to the work required to 

remove it from the soil. Slatyer and Mcllroy (85, p. 5 -7. 5 -8) quoted 

Buckingham who in 1907 gave this quantity the name "capillary potenti- 

al, " and Wadleigh who in 1946 used the term "total soil moisture 

stress" (TSMS) to designate the physical condition of the soil water. 

This latter term was defined as the sum of the soil moisture tension and 

the osmotic pressure of the soil solution. It also described the attrac- 

tion of the soil for water, and represented the work required to remove 

a unit volume of water from the soil. Thus, this resembled 

Buckingham's capillary potential. The authors (85, p. 5 -7, 5 -8) felt 

that both terms described the chemical potential of the soil water. 

Soil moisture tension was defined as the attraction at the interface 

boundaries in the soil -water system. It has dimensions of force per 

unit area and is expressed in bars or atmospheres. Osmotic pressure 

of the soil solution is the contribution of soil solutes to the total soil 

moisture stress or water potential and may also be called the solute 

potential or solute suction. At present, the authors state, there is no 

direct field method of measurement, but the total soil moisture stress 

can be measured in the laboratory. 

Slatyer and Mcllroy (85, p. 5 -14 to 5 -15) speaking of the avail- 

ability of soil water to plants, related the controversy which had devel- 

oped on this subject. One school of thought argued that as the soil 

water decreased, there was no reduction of availability of water for 
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plant growth, until the permanent wilting point was reached. The other 

side argued that the water became progressively less available as the 

soil water decreased. The authors stated that those experiments which 

have obtained satisfactory control of known variables have tended to 

confirm the thesis that availability decreases progressively with in- 

creasing total soil moisture stress. As well as the relationship be- 

tween soil moisture tension and water content, considerable signifi- 

cance also was attached to the highest and lowest levels of soil water 

available for most plants. The terms "field capacity" and "permanent 

wilting percentage" were frequently used in this connection, although 

both were somewhat arbitrary if regarded as soil "constants, " was the 

view of these workers. 

Slatyer and Mcllroy (85, p. 5 -16) also stated that beyond the 

permanent wilting percentage, further extraction of water might con- 

tinue at a slow rate, but growth was normally considered as having 

ceased. Thus, this was regarded as representing the lower limit of 

availability of water for plant growth, but these workers thought that 

this was open to question, since the onset of wilting appeared to be di- 

rectly associated with the turgor characteristics of the leaf tissue and 

only indirectly with soil water content. They found that plants wilted 

when the turgor pressure in the leaf tissue dropped to zero. Thus, the 

permanent wilting percentage might vary from species to species, and 

within any one species, with variation in the osmotic characteristics of 
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the individual plants. For agricultural plants, wilting was found to 

occur usually at stress levels between 10 and 20 atmospheres. In 

terms of soil water content, this value was close to the 15 atmosphere 

figure usually associated with permanent wilting percentage. 

Slatyer (84, p. 344 -350) quoted van den Honert, who regarded 

water transport through the plant as a catenary process, in which the 

rate of the slowest partial process governed the velocity of the whole, 

implying that the source of the greatest resistance to movement was 

the overall source of control, and that resistance elsewhere was of 

secondary importance. Slatyer (84, p. 344 -350) considered two main 

phenomena were concerned with the supply of soil water to the surface 

of the root. These were the movement of water to the root surface 

and the growth of the root into the soil mass. As the water content 

decreased from saturation in unsaturated soils, the rate of water 

movement decreased rapidly. As the water content decreased, un- 

saturated permeability decreased for the following reasons: (1) the 

total cross sectional area available for flow decreased with the water 

content; (2) as the water content decreased the largest pores were 

emptied first, and since the contribution to permeability per unit area 

varied as the square of the pore radius, permeability might be ex- 

pected to decrease much more rapidly than water content; (3) as water 

content decreased, the chances increased for water to occur in pores 

or wedges, isolated from the general system of water films and 
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channels. Once continuity broke down, there could be no flow in the 

liquid phase. Slatyer (84, p. 344 -350) also stated that the proportion 

of water movement, as vapor, increased as the water content fell. 

The vapor transfer was probably dominant in dry soils, as a result of 

soil and root shrinkage. A gap developed between soil and root. 

Under these conditions, absorption of water by the plant was limited 

by the rate and extent of vapor transfer across this root -soil gap. In 

moist soils this could result in a marked reduction in absorption. A 

further effect of this discontinuity would be the accumulation of solutes 

at the evaporating soil surface. This latter effect had two undesirable 

effects: (1) an increase in total soil moisture stress due to osmotic 

effects, and (2) a cessation of nutrient absorption by the root. 

Slatyer (84, p. 344 -350) further stated that the factors which af- 

fected root growth were similar to those affecting plant growth gener- 

ally-- mainly supply of growth materials and maintenance of a high 

degree of hydration, but in addition, temperature, aeration, and 

mechanical impedance were important factors. The importance of wa- 

ter movement through the soil mass, relative to root growth into un- 

tapped soil reserves, depended on several factors. The primary ones 

depended on soil water content, total soil moisture stress, root activ- 

ity and root density. In soils drier than field capacity it had been 

demonstrated that water did not move in a root -free soil at a rate ade- 

quate to supply roots a number of centimeters away. 
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Plant Adaptations of the Dune Environment 

Many workers have observed the special adaptations of plants 

which live under the harsh environmental conditions of the sand dunes. 

There are a number of plant adaptations which have been observed in 

coastal dune areas which are similar to the xeric conditions of desert 

plants in spite of the fact that many coastal dune areas have high rain- 

fall. 

Succulence is one of the most obvious features common to many 

dune plants. Early German investigators such as Goebel in 1900, as 

quoted by Boyce (14), were the first to recognize that "many plants 

produce on the shore more succulent leaves than they do when grown 

inland. " Boyce reported that this succulence was attributed to the ab- 

sorption of salts by plant roots and their subsequent concentration in 

the mesophyll tissue, resulting in a salt- induced hypertrophy. No 

previous investigations satisfactorily explained the type of succulence 

found in dune plants near the strand. 

Boyce (14) also considered succulence in dune plants a conse- 

quence of the more xeric habitat and excessive transpiration, but he 

felt that these proposals did not explain why leaves of an individual 

plant exhibited different degrees of succulence. The proposal that 

succulence was a consequence of the salinity of the substratum was 

rejected by Boyce, because dune sands contained little salt. He 
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estimated the quantity of salt deposited on the different leaves with 

the use of oiled glass slides exposed for 30 seconds at different posi- 

tions. In this work he used the method of Houghton and Radford (49, 

p. 7 -10). Anatomical studies of succulent and non - succulent leaves 

showed a striking difference in the size of the cells. Non- chloren- 

chymous parenchyma cells had an increase in area of 3800 percent in 

the succulent leaves over the non -succulent, an increase of 170 per- 

cent of chlorenchyma cells and 120 percent in epidermal cells. There 

was no evidence of an increase in the number of cells. 

Harshberger (44, p. 101; 45, p. 76) and Starr (86, p. 265 -305) 

noted succulence in the plants of the strands of New Jersey and 

Bermuda. Purer (74) found that leaves of coastal dune plant species 

were thicker than those same species growing in the chaparral. 

There was also a greater amount of water in the dune plants. 

Warming (93, p. 219) studied differences between halophytes and 

xerophytes and found that the latter had fleshy, thick leaves which 

were more or less translucent. This was considered partly due to an 

abundance of cell sap and a poverty of chlorophyll, and partly due to 

the smallness of the intercellular spaces. Many species were found 

to be dimorphous, having thinner leaves if grown inland or in a salt 

free soil. The thickness of the leaves was considered to be caused by 

an enlargement of mesophyll cells which became large, roundish, and 

poor in chlorophyll in the inner cells. 

- 
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Another feature of sand dune plants is the thickness of cuticle 

and the presence of many leaf hairs. Cowles (30, p. 296) noted that 

dune forms of Salix could have thickened cuticle and were coated on 

the underside with a dense layer of "bloom." Harshberger (44, 

p. 101; 45, p. 76) reported these conditions of thick cuticle and epi- 

dermis for plants of Cakile, Lathryus, Convolvulus and Polygonium 

with leaves thicker among the maritime environments than those 

species inland. The outer wall of epidermis of Lathryus and Convol- 

vulus was 1. 5 to 2. 0 times as thick, with a more rough and hairy 

surface. Purer (75, p. 56) found that leaves of Franseria bipinnati- 

fida were silvery due to the presence of overlapping trichomes. This 

was also found with leaves of Lupinus chamissonis. Byrd (19, p. 31) 

noted that the leaves of silver beach -weed (Potentella anserina) had a 

thick, pubescent cover which may minimize the effect of the wind - 

borne salt and sand. The silver beach pea (Lathryus littoralis) pos- 

sessed both a silky, pubescent cover and a reduced leaf surface. 

Warming (93, p. 219) observed that hair coatings were mostly on 

sand plants of the xerophytes which he studied. 

Adaptations of special root systems have been observed among 

dune plants. Dittmer (35), in his study of the root systems of certain 

sand dune plants, noted a differentiation of anchoring type roots in the 

older seedlings. There was much variation in the depth of penetration, 

lateral extent, and other characteristics in the roots of sand dune 

r 



40 

plants. Some species studied had a combination of fibrous and tap 

roots, but deeply penetrating tap roots were the most common feature 

of dune plants, except for the grasses. Most of the dicotylendoneae 

had prominent tap roots, but lateral root production was limited, and 

there was little production of tertiary roots from the secondary roots. 

Purer (75, p. 23 -33) found that the tap root of Abronia maritima 

had few secondaries, was strong and tough and had few absorptive 

roots. The subterranean system of Convolvulus soldanella was corn - 

posed mostly of succulent rhizomes from 25 to 50 feet in length and 

having short roots about six inches long which developed at the nodes. 

Thus the absorptive system was very meager. The fleshy tap root of 

Franseria bipinnatifida was not extensive with secondary roots pro- 

duced from the lower portion. 

The root systems of these dune plants studied by Purer (75, 

p. 53) were characterized as having (1) well developed main roots, 

(2) main and lateral systems, and (3) short roots superficially placed. 

The succulent habit was usually accompanied with a meager root 

system. 

Byrd (19, p. 31-32) noted that: 

The roots of all these plants (in Zone I) with the exception 
of European beach grass and seashore blue grass are quite 
extensive to the proportion of shoot growing above the 
ground. The root of the sand verbena plant was measured 
and found to be over twelve feet long. The root was about 
six inches in diameter just below the surface of the ground. 
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Other adaptations such as sunken stomates, wax coatings, pro- 

strate stems, and similar adaptations have been observed. Warming 

(93, p. 219) mentioned that mucilage cells were developed, the pal - 

lisade tissue in leaves was massive with taller cells, small inter- 

cellular spaces, wax coatings, and prostrate stems radiating on all 

sides from a common point. Crysler (31) found that some species 

showed a tendency to the iso- lateral form on the seashore while they 

were bifacial inland. Cakile americana was the only species showing 

the iso -lateral form in both areas. The mesophyll of Convolvulus 

sepium showed a marked compactness. Boyce (14) reported that 

about 60 percent of the stomates were crushed shut by swollen epider- 

mal cells in the succulent leaves from dune plants. This was also 

found by Hershberger (44, p. 102; 45, p. 76). Crysler (31) found 

stomates both on top and on the bottom of the leaves of Convolvulus 

sepium grown in a maritime environment, but that this was not true 

for inland plants of the same species. Byrd (19, p. 31) noted that 

leaves of European beach grass formed a cylinder and though the 

edges did not fuse, the leaves maintained this form. He also found 

that sea rocket had a thick, waxy cuticle covering the leaves. 

Raunkiaer (78, p. 612 -614) described the sand dunes of Jutland 

as to the life forms of vegetation found. Instead of the usual Hemi- 

cryptophytium of the "grey dune, " he found in the front row of dunes 

that the Cryptophytes (geophytic) were dominant. In addition there 
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occurred a number of Therophytes. Thus, he called the front row of 

dunes a Cryptophytium. The older part of the dune which had long 

been exposed to washing out was covered with the Chamaephytic life - 

form as the dominant. The vegetation here was called a Chamaephy- 

tium. Going from the beach landwards to older and older dunes, 

there were three regions or facies of vegetation differing in the 

dominating life -form, this being respectively that of the Cryptophytes 

(geophytes), the Hemicryptophytes and the Chamaephytes. The cli- 

max type of vegetation at Jutland was partly a deciduous Phanero- 

phytium and partly an evergreen, xerophytic Chamaephytium. 
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DESCRIPTION OF THE STUDY AREA 

Much of the Oregon coastline consists of high headlands, sep- 

arated here and there by low coasts. At frequent intervals there are 

promentories jutting out into the sea, made up of rock much more 

resistant to erosion than the neighboring rocks. Headland areas are 

for the most part made up of Tertiary sand stones and shales with 

mixtures of the more resistant black, igneous rocks. 

Promentories and headlands are separated by rivers, bays and 

beaches. In Oregon these beaches are very prominent. Cooper (27, 

p. 3) discussed their significance with regard to dune areas when he 

said, 

Of the total ocean -facing coastline of Oregon, approximately 
500 kilometers long (ignoring minor features), 225 kilome- 
ters, or 45 percent, bears dunes of greater or lesser 
magnitude. The dune areas are rather evenly distributed 
except at the extreme south; beyond Cape Blanco they are 
few and small ... In inland extension the dune masses are 
extremely variable, ranging from a mere fringe to maxima 
of 4. 5 kilometers in Oregon ... 
The low coasts of the Oregon shoreline owe much of their detail 

to rather recent submergence. When the coastline was submerged, 

the mouths of the larger streams were drowned, and the tides now 

travel inland many miles. This submergence also produced the many 

bays into which streams empty, which are a prominent feature of the 

Oregon coast. The low coasts are often characterized by a straight 
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shore line and sand dunes. 

The relationship between the ocean and sand accumulation along 

the Oregon coast has been most successfully described by Cooper 

(27, p. 20 -21) who stated that there were three main modes of sand 

transport. The ocean is the reservoir from which comes the dune 

sand. The action of waves places the sand where it is subject to 

further transport by wind. Some of the wave action transports sand 

parallel to the shore. The ultimate cause of this movement is wind. 

Any offshore wind except that which is perpendicular to the shore will 

bring about coastwise travel of sand. 

Sand drift in either direction encounters obstacles. Prominent 

headlands divert the longshore current out to sea, and much of the 

sand in transport is carried out beyond the zone of wave influence. 

Streams with vigorous outflow probably also divert outward the long - 

shore current. 

The third mode of transport Cooper noted is the seasonal cycle 

in beach processes: erosion by winter storm waves which carry great 

quantities of sand into deeper water, and the rebuilding of the beaches 

by the gentler waves of summer. Of course, all erosion cannot be 

attributed to processes of merely seasonal occurrence. These 

modes of transport affect the source of sand for the building dunes. 

In characterizing the sand of the Oregon beaches, Twenhofel 

(88, p. 3) described them as composed of pale, yellowish -grey sands 
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containing dark specks. The yellow was due to yellow quartz or 

yellow rock. The dark specks were mainly particles of dark rocks, 

but some were black minerals such as magetite, ilmenite, chromite, 

hornblende and pyroxene. Twenhofel (88, p. 5) also referred to the 

very complex history of the sands of these beaches. There were 

sands from areas as far east as the Rocky Mountains as well as 

areas far to the north and south. The Tertiary fine -grained sand- 

stones which form many cliffs were an obvious source of quartz sand. 

But the sands of these sandstones also have a complex history, before 

they finally were deposited to become part of the Tertiary section. 

Materials such as chromite, magnetite and ilmenite may have been 

derived from basic and ultrabasic igneous rocks of the coasts of 

southern Oregon and northern California and inland mountains. The 

Columbia River brought down magnetite and ilmenite from the lavas 

of the Cascades. Some particles of sand are young, with angular 

sides indicating little abrasion. Other particles are worn smooth and 

rounded and date back to early Paleozoic or pre- Cambrian times. 

Various writers have attempted to characterize the climate of 

the Oregon coast. Their work has been summarized by Cooper (27, 

p. 11) quoting Thornthwaite who described the area as mesothermal, 

with low summer concentration of thermal efficiency and as perhumid, 

with little or no water deficiency in any season. 

Cooper also noted little temperature difference between four 
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stations ranging from the Columbia River to Cape Blanco and in- 

cluding: North Head, Tillamook, Newport and North Bend. The 

mean temperature spread during the warmest and coldest months was 

small: at North Head and Newport, fully exposed to coastal influ- 

ences, it was 15.5 degrees Fahrenheit and 13.7 degrees respectively. 

At Tillamook and North Bend, somewhat removed from oceanic influ- 

ences, it was slightly greater: 16.4 and 15.9 degrees Fahrenheit. 

Freezing temperatures were infrequent and transitory. 

Patterns of precipitation were found by Cooper to be similar 

for the four stations. There was heavy winter precipitation and a 

definite summer deficiency, culminating in July and August. In 

summer most of the storm tracks pass further north. The winter 

rains are brought by cyclonic storms, whose tracks shift southward 

during this season. Total precipitation at a given station varies 

greatly from year to year. Snow falls occasionally but is insignifi- 

cant in amount and quickly vanishes. Amounts of precipitation are 

given by Cooper (27, p. 13) in Table 1. 

Quantitative data pertaining to humidity, cloud and fog are 

scanty, according to Cooper (27, p. 12 -13), who stated: 

Clear days are infrequent throughout the year. Days that 
are cloudy or have both cloud and fog without rain occur 
frequently at all seasons. Fog alone is very common from 
June through September. Frequency of rainy days is in- 
versely proportional to that of foggy days. It may be as- 
sumed that humidity is high throughout the year. 



Table 1. Average monthly and annual precipitation for four stations on the Washington- Oregon 
Coast. In inches. Data from U. S. Weather Bureau. 

Station 

Length 
of 

Record Jan. Feb. Mar. Apr. May June Jul. 

North Head 75 8. 78 7. 45 5. 56 4. 14 2. 95 2. 28 0.96 
Tillamook 42 13.48 11.59 10.74 6.36 5.17 3.16 1.33 
Newport 58 9.70 8.06 7.45 4.60 3.50 2.55 0.78 
North Bend 51 10.90 8.89 7.54 4.96 3.22 1.68 0.49 

Aug. Sept. Oct. Nov. Dec. Annual Snow 

North Head 75 1.05 2.99 5.01 8.45 9.48 59.10 
Tillamook 42 1.48 4.18 7.28 13.51 15.22 93.50 5.4 
Newport 58 0.91 2.77 4.87 9.98 10.64 65.81 1.6 
North Bend 51 0.39 2.40 4.08 9.95 9.79 64. 13 1.9 

-- 
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Byrd (19, p. 16 -17) reported an interesting phenomenon on 

the Waldport sand dunes. On September 13, 1949 in mid -morning the 

wind shifted from the northwesterly to southwesterly direction. The 

clear sky clouded over quickly. In half an hour visibility was limited 

to less than 500 yards and the relative humidity changed from 85 per- 

cent to in excess of 99 percent. 

McLaughlin and Brown (65, p. 5), discussing the matter of 

wind blown sand, refer to the wind pattern characteristics of the 

Oregon coast. The prevailing winds are landward. In summer north 

to northwesterly winds prevail with an average velocity of approxi- 

mately 13 miles per hour. Maximum velocities seldom exceed 40 

miles per hour. With the approach of winter, the prevailing winds 

shift to the southwest with an average velocity of 16 miles per hour. 

Gales with velocities in excess of 55 miles per hour occur occasion- 

ally, and severe storms attain velocities of 85 to 90 miles per hour. 

These high velocity winds, especially, move enormous quantities of 

sand inland. 

The location of the dune areas studied in this thesis are shown 

in Figure 1. General features of these areas are described by 

Cooper (27, p. 77 -108). The Sand Lake area is a single parabola 

of the dune mass which is 4. 5 kilometers long and 1 to 1. 5 kilometers 

wide. The main body of this dune is stabilized, but there are very 

active areas as well. Yaquina Bay and Alsea Bay dunes both are 

9 
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similar, but the main part of the sand dunes in the Yaquina Bay area 

is south of the bay entrance, while this is reversed at Alsea Bay. The 

dunes at Yaquina Bay are generally no more than 15 meters in height 

while those of Alsea Bay are a maximum of 35 meters above tide 

level. There is a greater abundance and variety of vegetation on the 

raw dune areas of Alsea Bay. 

Cooper also states that Tenmile Creek is a small perched 

dune mass. Several soil horizons in its eroding face indicate a com- 

plex history. China Creek, north of Heceta Head, has the southern- 

most tongue of sand of this dune ascending the mountain slope to a 

height of 120 meters. This end is well stabilized; further north the 

dunes are less well covered. 

The Florence and Siltcoos dunes are actually one long dune 

with the Siuslaw River splitting it into two sections. The northern 

part of the dune area is wider than the southern part. Much of this 

area is well stabilized, with stands of Pinus contorta and Tsuga 

heterophylla and some Picea sitchensis. The active phase of this 

dune complex has an abundant source of sand with much movement and 

a dearth of vegetation. 

Twenhofel (88, p. 17, 27 and 46) gives mineral analyses of 

sands clearly associated with the areas studied. These are given in 

Table 2. The location numbers are as follows: 
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1. Two and one half miles north of the mouth of the Siltcoos River, 
sands blown by wind from the tidal zone and deposited at high 
tide. 

2. About two miles north of mouth of Siuslaw River, Heceta Beach, 
high tide level. 

3. Muriel O. Ponsler Memorial State Park, six inch channel, high 
tide level, black sand. 

4. Waldport, south side of estuary and seaward from village, high 
tide level. 

5. South of Seal Rock, about Buckley Creek, eight inch channel, 
high tide level. 

6. North of north jetty of Tillamook Bay, low tide level. 

Table 2. Mineral analyses of sands. 

Quartz 
Feld- Olivine Mag- Ilmenite 

Station spar Epidote Garnet Zircon netite Chromite Rock 

1 78.70 21.30 
2 45.80 20.05 6.95 2.65 4.25 14.35 5.95 
3 38.50 21.00 11.75 2.15 1.95 12.45 11.75 
4 81.80 1.95 0.15 T 0.50 15.50 
5 72.35 5.10 1.95 0.35 1.00 11.50 7.75 
6 69.50 0.20 30.30 

Weather conditions are fairly uniform throughout the coastal 

area. The weather station of the U. S. Weather Bureau most central- 

ly located in relation to the study area is at Newport, Oregon. This 

is most pertinent to the work done, since most of the environmental 

studies were located on the Alsea Bay sand dunes. Studies of salt 

spray and sand movement are particularly dependent on wind 

. 
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measurements. In the published U.S. Weather Bureau records 

(90, 91) the closest station to the study area which measured wind 

velocities is at the Astoria, Oregon airport. This station is inland 

from the coast and does not record a true wind velocity pattern as it 

is found on dunes close to the ocean. Unpublished data for wind ve- 

locity were obtained through the courtesy of the U.S. Coast Guard, 

Newport, Oregon. 

An examination of the U.S. Weather Bureau records for 

Newport, Oregon bears out the generalization by Cooper (27, p. 11) 

that there is little difference between weather records of four stations. 

High temperatures are of infrequent occurrence and freezing temper- 

atures are also not frequent and of short duration. In 1960 there were 

200 consecutive frost -free days, while in 1961 there were 193. The 

highest average maximum temperature for 1960 was 10. 5 degrees 

Fahrenheit above that of the lowest mean temperature, while in 1961 

it was 16.3 degrees. 

Newport, as with most other Oregon coastal stations, shows 

heavy winter precipitation and a definite summer deficiency which is 

shown mainly in July and August. Amounts of precipitation vary. In 

Table 3 the mean monthly temperature and precipitation is shown for 

Newport for 1960 and 1961: 



Table 3. Mean monthly temperature and precipitation, Newport, Oregon, 1960 -1961. 

Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sept. Oct. Nov. Dec. 

1960 Temp. 41.8 44. 0 45. 8 48.4 50.8 53. 5 54. 1 55. 7 53. 7 52. 5 47. 8 45. 7 
1961 Temp. 48.2 47. 1 46. 2 46.9 51. 1 54.9 58.4 56.9 53.2 50.8 45.0 43.8 
Mean Temp. 43. 7 44. 9 46. 2 49. 4 52. 3 55. 8 57. 6 58. 0 57. 2 53. 8 49. 1 45.4 

1960 Pcpt. 9. 5 11. 5 10.3 5. 7 7. 2 1. 2 0. 2 2. 5 0. 5 7. 5 15.7 4. 7 
1961 Pcpt. 9.2 16.6 14.5 5.1 5. 8 1.0 0.3 1.2 1.1 7.6 10.1 10.2 
Mean Pcpt. 9. 5 8. 0 7. 6 4. 1 2. 8 2. 4 0. 9 1. 5 2. 2 6. 0 8. 8 11. 3 
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Wind velocity data from the log of the U. S. Coast Guard, 

Newport, Oregon are given in Table 4. Readings on the Beaufort 

scale are made at four hour intervals, at the end of each watch. 

The anemometer is located in a tower west of the north approach of 

the Yaquina Bay bridge. These readings reflect much more than 

those at Astoria airport the actual wind velocities on the dunes. 

Some variations are to be noted because of the topography of the 

dunes and the distance of the study dunes from this station. However, 

these data paints a generalized picture of wind velocities on building, 

moving dunes. Cooper (27, p. 14) felt that the Newport station, lo- 

cated on a narrow, dune - covered terrance less than one kilometer 

from the shore and with the mountain front immediately behind was 

the most representative of average dune conditions. 

The description of the winds and miles per hour for each seg- 

ment of the Beaufort scale is shown in Table 1 of the Appendix. 

Wind frequency data were presented by Cooper (27, p. 15) 

for the Newport station. This is shown in Table 5. Along with these 

data are also shown data from the unpublished records furnished by 

the Newport Coast Guard Station for the years 1960 and 1961. 

It should be noted that the data of Cooper are on the basis of 

readings every three hours while that from the Newport Coast Guard 

Station is read every four hours. When one compares the percentages 

from Cooper with those of the more recent Coast Guard records it 



Table 4. Frequency of wind velocity at four hour intervals at the Newport Coast Guard 
Station, Oregon (Beaufort Scale). 

Year Month Calm 1 2 3 4 5 6 7 8 9 10 11 12 

1960 July 43 7 17 38 27 26 24 4 
1961 68 30 12 28 15 25 5 1 

1960 Aug. 67 11 19 40 12 20 10 6 1 

1961 84 14 6 23 14 29 9 3 2 

1960 Sept. 70 9 15 41 12 26 1 5 1 

1961 83 15 13 27 16 19 7 

1960 Oct. 68 11 15 31 7 23 12 7 7 4 1 
1961 77 10 15 28 12 18 13 5 2 5 1 

1960 Nov. 28 6 14 46 20 31 7 9 11 5 3 
1961 56 5 21 32 15 24 6 6 11 1 3 

1960 Dec. 31 7 13 48 22 45 12 3 2 2 1 
1961 48 9 14 48 14 22 12 6 5 4 3 1 

1961 Jan. 11 4 21 36 19 26 25 21 15 6 2 
1961 Feb. 20 7 15 24 17 36 8 10 21 6 2 2 
1961 Mar. 32 13 22 28 15 25 15 11 19 2 4 
1961 Apr. 51 21 22 24 20 22 12 5 3 
1961 May 56 15 16 31 30 22 10 2 4 
1961 June 78 10 15 17 20 27 8 4 1 



Table 5. A comparison of wind frequencies from Cooper and Newport Guard Station for 
the years 1936 -1942 and 1960 -1961. 

Wind 
Dir. 

Cooper 1936 -1942 
January July 

Coast Guard 1960 -1961 
January July 

4 MPH 
& over 

16 MPH 
& over 

4 MPH 
& over 

16 MPH 
& over 

4 MPH 
& over 

16 MPH 
& over 

4 MPH 
& over 

16 MPH 
& over 

N 6.5 0.5 66.0 22.5 1.0 38.0 27.0 
NE 19.0 2.0 3.0 
E 85.0 1.3 7.5 40.0 26.0 1.5 
SE 43.5 1.0 7.5 0.2 8.0 4.0 1.0 
S 28.0 13.7 18.0 1.0 7.0 9.0 2.5 1.0 
SW 17.0 5.0 25.0 17.0 49.0 11.0 
W 15.5 1.3 13.7 3.0 2.5 
NW 6.5 0.8 62.0 12.5 1.0 12.5 15.0 

Total 221.0 23.6 199.7 36.2 76.0 94.0 69.0 43.0 

Percent 90 10 85 15 45 55 62 38 
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would appear that winds of higher velocity are now more common both 

for January and July. 

Cooper (27, p. 45) states that most of the inland movement of 

sand must take place during the dry summer, and his data in Table 5 

substantiates this belief. The character of the seasonal wind pattern 

from the Newport Coast Guard Station for 1960 -1961 shows higher 

wind velocities in the winter months which move enormous quantities 

of wet sand. 

7 
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SAND DUNE STUDIES 

Succession 

The seasonal shifting of winds from the northwest in summer 

to the southwest in winter accounts for the highly unstable sand dune 

area on the Oregon coast. As a result within a localized area a 

wide variety of stages of sand dune succession are found ranging 

from sparse, herbaceous plants characteristic of the first stages of 

succession to the near climax spruce and hemlock forest. 

The object of this study is a description of the various stages 

in the development of vegetation characteristic of this sand dune area 

and to relate these stages according to their successional sequence. 

A beginning phase of the study was a reconnaissance trip 

along the Oregon coast. In the summer of 1960 different areas of 

coastal dunes were systematically examined from Nehalem Bay in 

Tillamook County to Siltcoos Forest Camp in Lane County. The 

dunes investigated included Nehalem Bay, Rockaway, Tillamook Bay, 

Netarts Bay, Sandlake, Nestucca Bay, Neskowin Creek, Salmon 

River, Siletz Bay, Yaquina Bay, Alsea Bay, Tenmile Creek, China 

Creek, Siuslaw River north, Siuslaw River south, and Siltcoos River. 

These areas extended a distance of about 165 miles of coastline, and 

these areas included most of the dune localities listed in Cooper's 

!` f. 
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Region II and the northern -most part of Region III (27, p. 4). 

As a result of this reconnaissance it became apparent that 

early stages in succession were most commonly found in two situ- 

ations: in low lying areas just back of the foredunes near the ocean, 

and at the ends of the large "winter" dunes developed from sand 

accumulating during the winter months. For purposes of this study 

the latter position, the upland topography at the ends of the long 

"winter" dunes, was selected as the sites on which most of the plots 

were located. In most cases, once succession was initiated in this 

topographic position, stabilization was successfully accomplished and 

a sequence in successional stages could be found. 

The most common stages in the topographic position described 

above were: (1) the initial stages, composed of a sparse cover of 

herbaceous plants and henceforth referred to as the primary stage; 

(2) a stage characterized by a rather lush herbaceous plant cover 

occurring in the more protected places at the margin of the "winter" 

dunes where sand blowing activity was less intense. This stage is 

referred to in the thesis as the secondary stage. (3) A shrub stage 

grading from a sparse stand of Arctostaphylos uva -ursi, Gaultheria 

shallon, and Vaccinium ovatum to a higher shrub stage with hedged 

trees of Lodgepole pine and Sitka spruce becoming more prominant. 

Other stages were stands dominated by tree species of (4) Lodgepole 

pine, (5) Sitka spruce and (6) Western hemlock. 
1 
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The study plots were 50 feet by 100 feet, and were located, 

when possible, upon relatively level topography. In cases where 

slopes were encountered the plot was oriented parallel to the slope, 

with slopes greater than 35 percent rejected. 

Within the 50 by 100 foot macro -plots sub -plots of three sizes 

were located according to the type of vegetation sampled: circular 

plots 11.75 feet in radius (0. 01 acre in area) for tree species, plots 

five feet by five feet for shrubby species and plots 2. 5 feet by 2. 5 

feet for the herbaceous plants. 

Sub -plots of the three sizes referred to above were located 

within the macro -plot along four transects 50 feet long. The begin- 

ning of each of these four transects was located at random within the 

macro -plot and extended lengthwise of the macro -plot according to 

the direction offering the greatest amount of space. Each of these 

transects (50 feet in length) was five feet wide and was subdivided into 

five foot segments, providing ten sub -plots five by five feet per tran- 

sect. There were thus 40 sub -plots per macro -plot from which the 

shrub data were taken. Within each five foot by five foot sub -plot a 

smaller plot 2. 5 feet by 2. 5 feet was located, on which herbaceous 

plant data were observed. For consistency the smallest plot selected 

was in the southeast corner of the five by five foot sub -plot. 

Because of the difficulty of differentiating between individual 

plants, only frequency and cover estimates for the shrub and 
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herbaceous plants were obtained. The importance of a particular spe- 

cies on any given macro -plot was later assessed on the basis of com- 

bined relative frequency and relative cover values. Frequency per- 

centage for both shrub and herbaceous plants was calculated on the 

basis of the 40 plots per macro -plot. 

For the tree species, points located at ten foot intervals along 

each of the four transects within the macro -plot were used as the 

center of 20 plots, each with a radius of 11.75 feet, and with an area 

of 0. 01 acre. The boundary of the circular plot was determined by 

the use of an Edscop field range finder. Within the boundary, trees 

over ten feet in height were tallied according to species, height and 

diameter. In addition, a mean basal area in square feet per acre by 

species was obtained by means of a wedge prism, according to the 

method described by Grosenbaugh (42). 

From the data taken on tree species in the field, relative fre- 

quency, relative basal area, relative density was obtained, and the 

Importance Value Index according to Curtis and McIntosh (33, p. 476- 

493) was calculated. 

All plants occurring on the plots and on closely adjacent areas 

were collected and classified. A list of these species is found in 

Table 2 in the Appendix and voucher specimens have been deposited in 

the Oregon State University Herbarium. The scientific and common 

names of these plants were taken from Peck (71, p. 1 -936). 
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There then remained the problem of resolving the stands into 

some order or successional sequence. Bray and Curtis (17, p. 329) 

discussed the characteristics of available indices and felt that 

Motyka et al, had produced the best approximation yet available to a 

linear measure of relationships between plots. This approximation 

was known as the coefficient of community and was expressed as: 

C = 2W/a + b x 100 or C = W. 

a is the sum of quantitative values of all the species in one stand, b 

is the sum of the quantitative values of all the species in another 

stand, and W is the sum of the quantitative values the two stands have 

in common for each species. This latter sum is made up from the 

least values of all the species which are common within the two stands 

being compared. 

The combined values for herbaceous plants and shrubs con- 

sisting of relative frequency and relative cover had a possible maxi- 

mum value of 200. The combined values for the tree species consist- 

ing of relative frequency, relative basal area and relative density 

(IVI) had a possible maximum value of 300. In order to have both 

kinds of data show the same importance, the IVI was scaled down from 

300 to 200 by simple proportion. In this way the coefficients of com- 

munity would be truly representative of all the vegetation on all plots. 

Various methods have been devised for ordering plots where 

a combination of physical characteristics for each species is 
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determined for a given plot or stand. The plan developed by Claussen 

(24, p. 641) seemed best adapted for the purposes of this study. A 

matrix or table of W values for single stands, as compared with all 

other stands, was prepared. The first reference stand was chosen 

subjectively as representing the vegetational extreme among all the 

stands studied. The stand least similar to the first reference stand 

as shown by the smallest W value was then chosen for the second re- 

ference point along the gradient. These two reference points, each 

with their table of values, were set up. The positions of the other 

stands were estimated by the formula of Bray, as quoted by Claussen. 

This formula was: 

X_IW+CRW. 
2 

X is the position of a given stand on the gradient, IW is the W value of 

this given stand with reference stand number 2, CRW is the largest W 

value of the two tables minus RW, and RW is the W value of a given 

stand with reference stand number 1. 

The results of the ordination of the sites is shown in Table 6. 

It will be noted that because of the variation in vegetation, it was 

found necessary to have four different gradients and eight reference 

points or stands. Vegetation of the primary and secondary areas was 

similar, so that site 1 of the primary and site 5 of the secondary plots 

were used as first and second reference points of the gradient. The 

vegetation of the secondary and secondary -intergrade communities 
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Table 6. Ordination of stands by site number, kind of community 
and location. 

Site 0 -200 
Number Kind of Community Location Position of Stand 

1 Primary Waldport 
7 Waldport 39.5 
2 Waldport 40.5 
6 Waldport 43.6 

10 Waldport 46. 2 
11 Waldport 53.4 

3 Waldport 58.7 
4 Waldport 62.5 

46 Secondary Tenmile 105.3 
47 Sandlake 114.4 54.3 
12 Waldport 135.1 55.7 

5 Waldport 62. 9 

8 Secondary -Intergrade Waldport 115. 6 
45 China Creek 181. 4 
44 China Creek 

18 Shrub China Creek - - -- 
22 China Creek 57.4 
20 China Creek 62.9 
21 China Creek 78. 0 
25 China Creek 87.4 
19 China Creek 90.6 
26 China Creek 100. 3 

27 China Creek 100.4 
23 China Creek 112.9 
28 China Creek - - - - 

' 

v 

e 

- - -- 

- - -- 

- - - - 

- 

- - - - 



65 

Table 6 (continued) 

Site 
Number Kind of Community Location 

0 -400 
Position of Stand 

30 Pinus contorta -Shrub China Creek 
37 Siltcoos 37. 2 
32 Siltcoos 37. 5 

41 Florence 39.9 
35 Florence 41.0 
40 Florence 48. 8 
42 Florence 52.9 
34 Florence 53.2 
39 Florence 55.2 

16 Pinus -Picea -Shrub Waldport 60.4 
15 Waldport 63. 1 

49 Waldport 63.6 
48 Newport 94.3 
50 China Creek 138. 9 

9 Picea sitchensis -Shrub Waldport 141. 5 

24 China Creek 144. 0 
36 China Creek 144. 1 

14 Waldport 218.2 

31 Picea -Tsuga -Shrub China Creek 219.8 
43 China Creek 230. 8 
29 China Creek 238. 8 

38 Tsuga heterophylla -Shrub Florence 321. 2 
33 Florence 

it 

V 

i 
- - -- 

- - - - 
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were similar, but that of the latter community was different from that 

of the primary community. Thus plot 46 of the secondary and plot 44 

of the secondary -intergrade -shrub communities were used as refer- 

ence points on the second gradient. The shrub community was orient- 

ed along a third gradient, following the previous two. Although there 

was a similarity of vegetation in the shrub stage of succession with 

that found in later stages, the dominant trees were not present. It 

was thought, therefore, that a separate gradient should be maintained 

for the shrub stages. Site 18 was used as reference point 1 and plot 

28 became the second reference point of this gradient. 

The five tree communities were all ordinated along one gradi- 

ent because of the tree dominants appearing in each of them, and be- 

cause of a similarity of the vegetation of the understory. As previ- 

ously mentioned, IVI values were obtained for tree species with a 

possible maximum value of 300 which was reduced by simple propor- 

tion to a maximum of 200. These values then conformed to the values 

of understory vegetation. The sum of the W values for these plots with 

trees was thus the sum of that for both the trees and understory, or 

equal to a possible 400. Therefore, the position of all the sites on 

the final gradient was on a 0 to 400 basis. Site 30 of the Pinus -shrub 

community was used as reference point 1 and plot 33 of the Tsuga- 

shrub community was used as the second reference point along this 

gradient. 
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It can be seen from the X values that the vegetation on primary 

sites seemed to be similar. The X values range from 39.5 to 62. 5. 

The secondary vegetation is somewhat different from that of the pri- 

mary vegetation and also showed some variations within this commu- 

nity. However, there seemed to be some rather wide variations be- 

tween the secondary vegetation and that of the secondary -intergrade 

vegetation, both between and within communities. According to the W 

values in the matrix, vegetation of sites 44 and 45 were close in simi- 

larity, but dissimilar to that of plot 8. 

The shrub community represents sites on the north slopes 

where the salt cutting of the drier, northwest winds was seen, as well 

as plots on south slopes where this effect was not so noticeable be- 

cause of the high rainfall which accompanies the southwest winds. 

This phenomenon will be discussed more completely in a later section 

of this study. The north sites were represented generally by lower 

X values of the gradient and the south plots by higher X values. 

Plots found in the Florence area (Plots 41, 35, 40, 42, 34 and 

39) were quite unique in two respects. They contain small amounts of 

Pseudotsuga menziesii. This species is only found elsewhere among 

the young Lodgepole pine trees of Plot 30 at China Creek. There is 

also a complete absence of Picea in this area among the Lodgepole 

pine. Cooper (27, p. 93) felt that this is due to fires in 1840 and 1870. 

Whether this is due to fire or a lack of a suitable seed source or 



68 

some other cause is unknown. This atypical aspect should receive 

further investigation. 

In the plots containing tree dominants there was not too much 

difference in X values between Pinus -shrub and Pinus -Picea -shrub 

communities until plots 48 and 50 were reached. This difference 

probably represents the change from mixed Pinus -Picea -shrub to 

pure Picea stands. Further sampling in this region of the gradient 

would probably show that this vegetational change is more gradual 

than the X values indicated. Plot 9, the first of the pure Picea com- 

munity showed an X value which was found by approximation. This 

stand was of young Picea and illustrated a phenomenon of coastal 

succession which is prominent. The Picea here was a pure, young 

stand and had an almost completely closed canopy. There was almost 

no understory vegetation, probably because of the limitation of light 

at ground level. As Picea stands grow older the canopy opened more 

and the understory vegetation appeared. The differences in the X 

values of stands 36 and 14 also were due apparently to the maturity 

of the stands. Plot 14 had Picea about 75 years old while those trees 

in plots 24 and 36 were only about 50 to 55 years old. The understory 

of the older Picea was more similar to that of the mixed Picea- Tsuga- 

shrub community. As the climax dominant species were approached, 

there again was a change in the understory vegetation, as indicated by 

the high X values of plots 38 and 33. That these two plots were 

1 

I 
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similar in vegetation was shown by the closeness of W values in the 

matrix for these two plots. 

The method used was a tool for the ordination of plots so that 

the different communities might be compared in a quantitative way, 

with single values representing stands. The value of the ordination 

must be checked in the final analysis according to the manner in 

which the distribution of the individual species relates to the gradient. 

It was therefore thought relevant to test the ordination by showing the 

actual numerical value of relative frequency and relative cover for 

each plant in the various communities being compared. The IVI for 

each of the tree species is also shown. These data for all sites are 

shown in Tables 7, 8, 9 and 10. 

When the distribution of plant species is checked as shown in 

the above mentioned tables, the validity of the mathematics of the 

more objective ordination appears to be confirmed. The plant species 

are listed in importance in these tables, but the ordination of the plots 

remains the same as that in Table 6. Some of the various species are 

shown as indicator plants in each of the communities which again pro- 

vides an evaluation of the objective ordination. 

In the primary sites Glehnia and Carex are the indicator plants 

found in greatest numbers and with greatest cover over the eight sites. 

In plot 6 Convolvulus was abundant, but this particular species was 

found only in this one plot. Franseria and Abronia, while not as 

/ 



Table 7. Ordination of stands according to relative frequency and relative cover for prominent shrub and 
herbaceous species of three communities. 

Species 

PRIMARY SECONDARY SECONDARY -SHRUB-IN TERGRADE 
1 7 2 6 10 11 3 4 46 47 12 5 8 45 44 RF RC RF RC RF RC RF RC RF RC RF RC RF RC RF RC RF RC RF RC RF RC RF RC RF RC RF RC RF RC 

Glehnia leiocarpa 39.4 2.0 32.3 7.4 35.8 1.9 26.8 9.2 35.9 4.3 31.5 3.6 22.2 0.4 10.3 0.2 2.9 0.5 Carex mac rocephala 41.6 4.4 25.8 3.4 25.8 1.6 18.0 1.8 22.0 1.0 21.3 1.6 28.2 3.1 24.6 3.7 Franseria chamissonis 3.2 0.0 5.3 0.5 1.9 1.8 1.5 0.0 
Abronia latifolia 3.2 0.0 4.2 1.3 2.2 0.0 1.4 0.7 3. I 3.0 Convolvulus soldanella 26.8 14.7 

Poa macrantha 47.5 0.8 32.3 13.2 28.6 1.1 26.0 9.1 29.5 2.6 22.9 2.0 21.6 4.0 34.6 14.0 5.0 1. 5 11.1 8.0 8.5 6.2 4.0 0.4 Lupinus littoralis 1.5 0.0 3.2 0.0 4.5 0.0 8.4 0.1 19.0 0.3 25.9 3.2 16.3 4.0 10.0 22.1 15.6 14.7 14.9 24.3 14.4 26.0 Polygonium paronychia 3. 1 3.6 0.6 0. 0 0. 7 0. 0 9. 0 4.6 8.6 3. 7 1.0 0.7 Aires praecox 
10.0 10.5 14.9 23.8 14.4 21.7 Hypocheris radicata 6.8 1.4 11.6 2.7 8.3 2.7 11.7 5.4 Achillea millefolium 9. 4 0.9 8. 7 5. 5 6. 9 I. 7 7.9 6.0 11.0 6.2 0.6 0.0 Cerastium holosteoides 6.8 2.3 7.9 4.1 13.1 11.8 Festuca rubra 4.4 2.2 16.2 13.6 3.6 3.4 0.7 0.6 Poa confinis 

7. 5 4.2 5.4 I. 7 2.1 0. 5 Holcus lanatu 4.4 1.5 3.6 1. 0 4.3 0.8 Rumex acetosella I.8 2.0 2.5 0.3 2.1 1.5 Agoseris apargioides 6.0 1.3 10.6 1.4 Aires caryophyllea 
1.6 0.5 3.8 1.3 Senecto vulgaris 

T 7. 5 I. I 0. 7 0.0 Erigeron glaucus 6.8 3.8 Trifolium dubium 
8. 7 7.3 Plantago major 
3. 1 0.6 Cirsium brevistylum 
3.1 0.7 Trifolium repens 2.5 0.5 Trifolium willdenovii I.8 0.5 Cerastium arvense 

0.7 2.5 1. 0 0.0 Fragaria <Miens. 12.5 41.6 8.4 2.6 5.7 3.3 5. 3 3.0 17.5 1.8 4.4 1.4 4.4 0.9 Anaphalis margaritacea 2.3 0. I 0.3 0.1 0.3 0.0 16.4 2.6 2.7 0.7 19.6 4.3 Ammophila arenaria 
13.9 26.4 22.0 55.1 22.3 59.3 

Gaulthe ria shallon 
23.5 36.0 22.0 44.0 22.3 28.6 Pteridium aquihnurn 

1.8 0.9 23.5 50.8 4.9 0.7 4.4 2.5 Arctostaphylos uva -ursi 
4.6 12.0 1.1 0.9 1.7 1.4 Vaccini um ovatum 

12.0 7.2 12.9 4.1 Picea sitchensis 
2.9 2.0 2.2 0. I 3.9 2.0 Pinu contorta 
3.5 3.7 1.6 0.4 

* Relative Frequency Relative Cover 

1 

a 



Table 8. Ordination of stands according to relative frequency and relative cover for prominent shrub species of one community. 

Species * 

18 22 20 21 25 19 26 27 23 28 
RF RC RF RC RF RC RF RC RF RC RF RC RF RC RF RC RF RC RF RC 

Vaccinium ovatum 18,0 38.9 22.9 40.0 22.6 40.0 26,4 27.0 24.7 38.0 21.5 20.0 26.0 30.0 26.4 29.0 16.0 20.0 17.6 16.0 

Gaultheria shallon 18.0 17.4 22.9 10.0 21.6 10.0 26.4 13.0 24.7 10.0 23.8 14.0 18.5 5.0 18.8 5.0 18.0 10.0 17.6 5.0 

Pteridium aquilinum 18.0 9.8 22.9 10.0 21.6 12.0 22.3 13.0 12.3 1.0 23.8 20.0 11.1 5.0 12.1 5.0 10.0 3.0 8.7 2.0 

Arctostaphylos columbiana 10.7 3.7 2.3 2.0 8.2 12.0 6.2 10.0 7.1 10.0 26.0 30.0 25.5 28.0 16.0 15.0 17.6 10.0 

Rhododendron macrophyllum 5.3 2.5 2.2 3,0 2.8 5.0 2.5 5.0 2.4 5.0 16.0 15.0 14.0 5.0 

Pinus contort a 7.0 6.0 3.3 15.0 6.8 15.0 5.5 20.0 12.3 25.0 14.3 20.0 9.2 25.0 9.0 26.0 4.0 10.0 21.0 60.0 

Myrica californica 4.4 2.0 2.8 5,0 3.7 5.0 T 12.0 15.0 

Calamagrostis nutkaensis 10.7 2.7 11.2 6.0 16.0 15.0 

Picea sitchensis 3,3 8.0 6.8 5.0 2.8 3.0 6.1 2.0 2.4 3.0 T 2.0 2.0 

Arctostaphylos uva-ursi 6.9 4.0 7.4 5.0 8.2 4.0 

Cytisus scoparius T 2.8 2.0 5.0 3.0 4.7 8.0 . 6.0 10.0 3.5 2.0 

Tsuga heterophylla 5.3 6.0 T 2.3 1.0 2.5 3.0 

* Relative Frequency Relative Cover 



Table 9. Ordination of stands according to IVI for tree species, relative frequency and relative cover for 
prominent shrub species of two communities. 

Species 

Pinus contorta 

Picea sitchensis 

Tsuga heterophylla 

Pinus Pinus -Picea 
30 37 32 41 35 40 42 34 39 16 

15 
49 48 SO 

*IVI IVI IVI IVI IVI IVI IVI IVI IVI IVI IVI IVI IVI IVI 

272 300 300 300 288 288 277 291 300 269 259 195 130 85 

31 37 105 170 215 

Pseudotsuga menziesii 28 12 12 22 9 

Pints P'nua -Picea 
30 37 32 41 35 40 42 34 39 16 15 49 48 50 

Species MRF RC RF RC RF RC RF RC RF RC RF RC RF RC RF RC RF RC RF RC RF RC RF RC RF RC RF RC 

Vaccinium ovatum 32.6 50.7 32.0 45. 1 32.6 44.9 29.0 42.2 26.0 38. 1 29.4 41.0 27.6 36.5 23. 5 31.0 26.9 58.4 34.8 40.0 39.0 84.0 30.3 45.0 29.4 40.0 30.0 6. 0 

Gaultheria hallon 28.5 18.0 32.0 40.2 32.6 41. 1 29.0 34.5 26.0 22.7 28.6 31.7 27.6 31.7 23.5 31.0 8.6 3.5 34.8 40.0 29.0 12.0 30.3 25.0 29.4 35.0 35.0 9.0 

Pteridium aquilinum 18.6 6.2 16.0 2.5 14.7 2.1 14.5 2.6 3.0 0.2 2.2 0.7 3.3 1.0 13.4 1.8 9.4 1.4 28.7 17.0 19.5 4.0 27.2 10.0 26.5 10.0 10.0 1. 0 

k Arctostaphylos columbiana 12.3 11.4 14.7 10.0 13. 1 11.2 14.9 10.5 16.3 9.7 1.7 3.0 

Rhododendron macrophyllum 20. 3 19.4 18.4 11. 2 18.6 11. 6 17.4 13.0 20.4 18. 0 15.6 8.9 13. 1 9. 5 4.9 4. 5 16. 3 13. 0 12. 2 20.0 14. 7 15. 0 12. 5 8. 7 

Myrica californica 1.6 1.0 10.1 7.7 9.7 8.9 8.8 7.7 13.1 9.2 14.9 17.2 18.8 12.0 

._Arctostaphylos uva-ursi 4.9 4.0 3.7 2.0 

Polystichum mumtium 

Rubus macropetalus 10.0 0.1 

Vaccinium parvifolium 

Struthiopteri, spicant 

Rubu parviflorus 

Maianthemum bifolium 
var. kamtschaticum 

Importance value index 
N Relative frequency Relative cover 

1 
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Table 10. Ordination of stands according to IVI fortree species, relative frequency and relative cover for prominent 
shrub species of three communities. 

PICEA PICEA -TSUGA TSUGA 

9 24 36 14 31 43 29 38 33 
Species *IVI IVI IVI IVI IVI IVI IVI IVI IVI 

Pinus contorta 

Picea sitchensis 300 300 300 300 190 154 151 16 19 

Tsuga heterophylla 110 146 149 184 181 

9 24 36 14 31 43 29 38 33 
Species # RF RC RF RC RF RC RF RC RF RC RF RC RF RC RF RC RF RC 

Vaccinium ovatum 32.5 36.7 31.3 36.6 2.7 0. 5 9.6 0.4 14.0 1. 1 6.2 0. 3 4.4 2.0 4.6 1.9 
Gaultheria shallon 32. 5 37. 2 31. 3 37.6 31. 3 28. 1 64. 5 7. 6 44. 0 4. 3 56. 3 5. 6 13. 2 4. 0 13. 6 4. 2 
Pteridium aquilinum 16. S 9. 2 15.0 6. 2 7. 3 1. 2 16. 3 0. 4 32. 6 2. 3 37. S 2. 1 5. 3 7. 5 6. 6 0. 4 
Arctastophylos columbiana 
Rhododendron macrophyllum 9.7 9. 7 12.4 12.0 6. 4 5. 5 
Myrica california 8. 8 8.0 10.0 7.6 T 
Arcíastaphylos uva-ursi 
Polystichum munitium 5. 5 4. 0 9. 4 0.9 24.2 12.2 27.0 11.5 
Rubus macropetalus 29. 4 5. 5 3. 2 0. 4 9. 9 1. 0 6. 6 1. 0 
Vaccinium parvifolium 3. 3 7. 5 7. 8 0. 7 
Struthiopteris spic ant 2. 7 0.6 4. 4 1. 6 4.0 1. 6 
Rubus parviflorus 4. 4 0. 2 1. 9 0. 2 
Maianthemum bifolium var. kamtschaticum 21. 1 12. 0 30. 9 14. 5 27.9 10. 8 

* Importance Value 
# Relative Frequency Relative Cover 

s 
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abundant, are also indicator plants of the primary areas. Poa mac - 

rantha was found in all primary sites, but this species persists in de- 

creasing relative frequency and cover into the secondary vegetation. 

Lupinus was also present in most primary sites, but increased in im- 

portance in the secondary plots as did Polygonium. The first five 

species shown in Table 7 are good indicator plants of the primary 

areas with the exception of Abronia, which is found in small numbers 

on some secondary sites. 

The indicator plants of the secondary vegetation includes 18 

species. Six of these are strong indicators. There are Aira praecox, 

Hypocheris, Cerastium holostioides, Festucca, Poa confinis and 

Holcus. Achillea is abundant throughout the secondary sites, but 

this also persists to a small degree in both the primary and secondary - 

shrub -intergrade vegetation. The other secondary vegetation which 

was found only in this area included Rumex, Agoseris, Aira caryo- 

phyllea, Senecio vulgaris, Erigeron, Trifolium dubium, T. repens, 

T. willdenovii, Cirsium, and Cerastium arvense. Fragaria, 

Anaphalis and Ammophila were found in secondary vegetation as well 

as in later stages of succession. 

In the secondary- shrub -intergrade community Fragaria, 

Anaphalis and Ammophila were again found, but these did not extend 

into the shrub stages of succession. Gaultheria, Vaccinium, 

Pteridium and Arctostaphylos uva -ursi appeared as well as small 

, 
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Pinus and Picea in this intergrade. These latter species persisted 

throughout the shrub stage and as part of the understory of later tree 

stages of succession. 

The shrub stage of succession showed Vaccinium ovatum, 

Gaultheria and Pteridium as the three most dominant plants. 

Arctostaphylos columbiana and Rhododendron appeared and were the 

next in order of importance. Pinus and Picea, still small, appeared. 

Calamagrostis was found only in the sites which were exposed to the 

salt -laden northwest winds of summer, and thus did not indicate the 

entire range of sites of the shrub stage. Myrica was also found in 

some of the plots of the shrub stage, but this also was found as part 

of the understory in the tree stages. Cytisus was the only true indi- 

cator plant for the shrub area, and this unfortunately was not found 

in all sites of the shrub stage. This plant along with Pinus and Picea 

which are still small seem to be the best indicator plants. 

Arctostaphylos columbiana and A. uva -ursi appeared to be the 

plants which were indicators of the Pinus stage. Other plants present 

were Vaccinium ovatum, Gaultheria, Pteridium, Rhododendron and 

Myrica in addition to the dominant pine. The Arctostaphylos species 

seemed to be absent in the Pinus -Picea -shrub community, and Myrica 

disappeared as well. 

The understory of the next three stages of succession -- Picea- 

shrub, Picea -Tsuga -shrub and Tsuga- shrub - -had Vaccinium ovatum, 

i, 

S 
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Gaultheria and Pteridium in the understory. Rhododendron was found 

in all but the Tsuga -shrub community, while Myrica reappeared in the 

Picea -shrub stage only. Maianthemum, Rubus macropetalus and 

Struthiopteris were found in both Picea -shrub and Tsuga -shrub stages 

of succession but not in the mixed Picea -Tsuga -shrub plots studied. 

Polystichum was found in all three communities, while Vaccinium 

parvifolium was found only in the mixed Picea -Tsuga -shrub and Tsuga - 

shrub. Rubus parviflorus was found only in the last community and 

may be considered an indicator plant for this stage of succession. 

It should be mentioned that many of the species of the second- 

ary stage of succession are annuals or short -lived perennials, which 

quickly disappear before the next community was reached. Gaultheria 

and Pteridium have a double peak of importance - -the first appears in 

the secondary- shrub -intergrade stage and second in the Picea- Tsuga- 

shrub stage of succession. Arctostophylos columbiana reached a peak 

of importance in the shrub stage, while Vaccinium ovatum, Myrica and 

Rhododendron were most important in the pine stage. Pine as a domi- 

nant tree species came into the successional pattern rapidly, reached 

a high peak of importance, and disappeared almost as rapidly as the 

tree dominant Picea replaced it. Picea in unmixed stands reached a 

high importance peak, was found mixed with Tsuga and then declined 

as the Tsuga became the most important dominant plant in the plots. 

This study provides a sample of sand dune succession of an 
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upland type, as represented by 48 stands. There undoubtedly are 

variations of vegetation not represented within these plots. A number 

of plants of some importance may not be included, especially since it 

was impossible to see all the stands at all seasons of the year. But 

the ordination, according to the data at hand, does strongly suggest a 

characteristic pattern for upland sand dune succession on the Oregon 

coast. 
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Salt Spray Tolerance 

Of the various kinds of environmental factors influencing the 

vegetation of the coastal sand dunes, the effects of salt spray are 

some of the most pronounced. The distortion of shapes of plants and 

shrubs growing on the foredunes and headlands where the full impact 

of salt -laden winds is received, is one of the more obvious effects of 

salt spray. A closer examination of these plants generally shows a 

burning of the new vegetative growth. The exact mechanism involved 

in this burning appearance is difficult to determine in the field. A 

variety of reactions to wind and salt upon the various kinds of plants in 

different stages of growth and development may be expected. 

The first step in the study of the effects of wind and salt was an 

examination of the very common feature of coastal plants known as salt 

pruning. This effect is particularly pronounced in shrubs exposed to 

the drier, northwest winds that blow during the summer months. 

At China Creek, located about 12 miles south of Yachats, 

Oregon, there is a sand dune area which is predominately in the shrub 

stage of succession. Approximately one mile south of the China Creek 

bridge on Highway 101 is a ridge which runs between the highway and 

the ocean in an east -west direction, ending in a bluff approximately 

150 feet above the beach. Near the highway it divides into two sections 

with a saddle between the two branches of the ridge. This location is 
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ideal for studying the effects of salt pruning. The vegetation on the 

north side of the ridge shows the effect of the drier, salt -laden winds, 

while the vegetation of the south side, which receives the winter winds 

and accompanying high rainfall, does not show these effects. The 

vegetation in the saddle is more sheltered from wind from both direc- 

tions. 

Plots 18 to 28 are located along a 1300 foot transect on this 

ridge. These sites are adjacent to each other on opposite sides of the 

ridge. Data collected from these sites are presented in Table 8 on 

page 71. Additional data taken show the average height of vegetation 

in order to study the effect of salt pruning. The results of the pruning 

effect of salt are shown by the heights of shrubs in Table 11. 

Many of the shrubs in plots nearest the ocean on the north 

slope are about half as high as those adjacent on the south slope. 

Pinus contorta remains low and shrubby on the north side of the ridge, 

while it is approaching tree height on the adjacent plot on the opposite 

side. In site 27, where plants are sheltered due to the location of the 

plot in the saddle, the height of Pinus is only slightly lower on the 

north facing slope than the adjacent plot 28 on the south slope. This 

is the general trend of all the vegetation. The greater the exposure to 

the northwest wind, the greater the difference in height, or the greater 

the effect of salt pruning. With less exposure, fewer differences in 

height appear in the adjacent plots. 



Table 11. Effect of salt pruning on beach species in the shrub stage of succession. Height in feet. 

SLOPE 
Main species N S N S N S N S N S 

Gaultheria shallon 1.5-3 2-4 2-3 4-5 2-3 5-6 4-5 4-7 4-6 4-8 
Vaccinium ovatum 1. 5-3 2-4 2-3 4-5 2-3 5-6 4-5 4-7 4-6 4-8 
Pteridium aquilinum var. 

1.5 -2 2 -3 2 -3 4 -5 2 -3 4 -5 3 -5 3 -5 3 -5 4 -6 pubescens 

Arctostaphylos columbiana 2 -3 2 -5 2 -5 3 -5 5 -6 3 -5 5 -6 3 -6 5 -7 
Rhododendron macrophyllum 2 -3 3 -5 - 4 -6 2 -4 5 -6 4 -5 - - 5 -7 
Myrica californica 2 -4 - 4 -6 2 -5 5 -6 5 -6 4 -7 - 

Cytisus scoparius 2 -3 2 -3 - 3 -5 - - 5 -6 3 -5 4 -6 

Pinus contorta 3 -5 8 -11 3 -5 8 -10 3 -6 8 -10 3 -7 8 -11 8 -10 8 -14 
Picea sitchensis 3-4 4-5 3-4 7-9 3-4 7-9 3-4 4-7 3-6 4-8 
Tsuga heterophylla 2-3 - -- 3-4 - 3-4 - -- 4-5 - - - 

Calamagrostis nutkaensis 1-1.5 - 1-1.5 - 1 -2 - -- - - - 

Site Numbers 18 19 20 21 22 23 25 26 27 28 

Nearest 
DISTANCE Nearest 

ocean highway 

oo o 

- - 

--- 

--- --- 
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The shrubs on this ridge and in this general area are very 

dense on the ground. The vegetation on the north slope has almost no 

openings, while that on the south slope has some small, more open 

areas. Relative cover on the north slope is 100 percent while on the 

south sites it ranges from 90 to 98 percent. Thus the effects of the 

salt pruning seem not only to lower the average height of the vegeta- 

tion, but also to thicken it on the north slope. The effects of salt 

pruning are dramatically diminished as the sampling proceeds into the 

saddle, because here the vegetation is protected from both northwest 

and southwest winds. 

There is some difference in the composition of this vegetation 

in adjacent plots. Pinus, Picea, Vaccinium, Gaultheria, Pteridium, 

Arctostaphylos and Rhododendron are the main species found in all of 

the plots. All of the Calamagrostis, Anaphalis and Lilium are located 

on the north slope, as is most of the Tsuga. All of the Salix and 

Pseudotsuga are found on the south slope, and most of the Cytisus 

and Myrica. This might suggest that these species, peculiar to the 

south slope, may be less salt tolerant. 

Another approach to discovering the effects of the salt factor 

has been a study of the vegetation in the primary and secondary stages 

of succession on sand dunes. The first step in such an examination 

was to find the distribution of salt throughout the dune complex. The 

Waldport area was selected for the collection of these data. Eight 
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locations were chosen as representative of the variations found in the 

dune, both as to topography and vegetation. Locations 1 through 6 

were in raw dune sand. Location 7 was in a secondary- shrub -transi- 

tion zone, while location 8 was on a small headland about 100 feet from 

the ocean. 

Salt traps were designed in a similar manner to those which 

Oosting and Billings (70, p. 132) used. A wooden frame eight inches 

by eight inches was made and fastened to a stake which was driven 

into the sand so that the lower edge of the collecting area was held at 

a height of one foot above the sand surface. The upper frame was 

covered with cheesecloth which was stretched tightly and held with 

thumbtacks. Each trap was oriented at right angles to the prevailing 

winds which came from the northwest in the summer and the southwest 

during the winter. 

The length of time between dates of collection of the samples 

varied from a week to somewhat more than a month, depending on 

weather conditions and other study activities. The total time of col- 

lection of data was from July 21, 1960 until November 4, 1961. 

Each time a collection was made, fresh cheesecloth which had 

been boiled in distilled water was placed on the salt trap frame. A 50 

square centimeter area was cut from the center of each exposed strip 

of cheesecloth by placing a double layer of cardboard exactly 50 square 

centimeters in area over the cloth and then trimming around the 
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outside edge of the cardboard. Each sample square of cheesecloth 

was kept in numbered, sealed vials. These were taken to the labora- 

tory and the exposed cloth was then soaked in 100 milliliters of dis- 

tilled water for a minimum of 24 hours. Two 50 milliliter aliquots 

from each sample were titrated with M/35. 5 silver nitrate solution, 

using five drops of one percent potassium chromate solution as an 

indicator for the end point of the titration. The results were ex- 

pressed as milligrams of sodium chloride per 100 square centi- 

meters of cloth by finding the average of the two aliquots and then 

multiplying by two. 

This last step was taken so that the results could be corn - 

pared with those of Oosting and Billings (70, p. 132), who used a 100 

square centimeter area of exposed cheesecloth. These workers set 

up a transect of five stations from the windward side of the foredune 

to the rear of the dune. The other stations were in a depression as 

compared to foredune and rear stations. Thus the greatest amount 

of salt catch was in these latter sites. Their total salt catch for the 

five traps of the transect ranged from 29 milligrams of sodium 

chloride on a calm day to 121 milligrams on a windy day. 

A summary of the collections from the various stations on the 

Waldport dune is shown in Table 12. 

The average amount of sodium chloride collected from the 

six stations on raw sand was 15.056 milligrams, that from station 7 was 



Table 12. A summary of the amounts of sodium chloride collected 
as spray in eight locations on the Waldport sand dunes 

84 

(in mg. NaC1). 

Station 
Number Location 

Average 
18 

Collections 

Summer 
Average 

12 
Collections 

Winter 
Average 

6 

Collections Total 

1 Primary 1.125 1.610 0.685 19.110 
2 Primary 0.761 1.060 0.480 13.981 
3 Primary 0.664 0.950 0.367 11.967 
4 Primary 0.975 1.320 0.630 17.538 
5 Primary 0.950 1.300 0.591 17.067 
6 Primary 0.591 0.792 0.392 10. 674 
7 Sec. -shrub 0.418 0.513 0.324 7.539 
8 Fo redune 2.130 2.930 1.330 38.323 

Average 0.852 1.310 0.600 17.025 

7. 539 milligrams as opposed to that of the foredune whichwas 348. 323 

milligrams. The amounts of the salt catch are consistently less than 

those reported by Oosting and Billings (70, p. 138) but the distribu- 

tion is relatively the same. Several factors are undoubtedly respon- 

sible for this dissimilarity. The time between collections, amounts 

of rainfall, strength of wind, and the season of the year might account 

for much of this difference. Oosting and Billings collected salt data 

only in the summer and changed the cheesecloth frequently. These 

workers reported that regardless of the weather and the amount of salt 

transported, the salt catch values for the windward side of the fore - 

dune were always 40 to 50 percent of the total salt intercepted on the 
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transect. Apparently much of the salt spray is dropped on the fore - 

dune as the wind rises from the water, where it is salt laden. 

The average for 12 summer collections of sodium chloride was 

more than twice that of the average for six winter collections. In 

order to analyze the differences in the salt catch between summer and 

winter and other factors such as wind direction and the season of the 

year, the data from the foredune salt trap (number 8) were studied. 

This particular station was used because more sodium chloride was 

collected here. However, the trends noted here were true of the other 

stations. The results of this examination are presented in Table 13 

and in Figure 2. 

When the wind was from the north and the rainfall was low and 

the interval between collections was short, the greatest amounts of 

salt were collected. The higher net wind velocities were from the 

south, but these winds were usually accompanied by larger amounts of 

rainfall, so that salt accumulation on the traps was lower. Generally, 

the intervals were longer between collections during these times. 

The question as to whether greater amounts of salt are carried by the 

north or south winds was not resolved by this experiment. Certainly 

it can be said that greater amounts were retained on the salt traps in 

times of less rainfall when the winds were predominately from the 

north. 

While it was recognized that the salt traps did not show actual 
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Table 13. Factors affecting collection of salt spray as sodium 
chloride at location eight on the Waldport sand dunes. 

Number 
Days From To Season 

Mg. /da. 
NaC1 

Rain 
Inches 

Net 
Wind 
Vel. 

MPH Dir. 

6 7 -61 7 -61 Summer 6.600 0.07 0.08 N 

6 6 -61 6 -61 Spring 4.300 0.18 4.80 N 

10 8 -60 8 -60 Summer 3.100 0.07 6.00 N 

10 7 -61 7 -61 Summer 2.980 0.11 4.13 N 

11 8 -61 8 -61 Summer 4.752 1.03 4.95 N 

14 9 -60 9 -60 Fall 2.260 0.31 3.03 N 

15 7 -61 7 -61 Summer 1.780 0.09 7.80 N 

21 10 -61 11 -61 Fall 1.430 - 2.34 N 

26 8 -61 9 -61 Summer 2.180 2.56 2.70 S 

28 9 -60 10 -60 Fall 1.820 2.92 2.72 S 

30 7 -61 8 -61 Summer 0.231 0.62 5.54 N 

33 2 -61 3 -61 Winter 1.397 13.21 17.25 S 

34 10 -60 11 -60 Fall 0.975 15.31 10.08 S 

34 11 -60 12 -60 Winter 1.640 10.70 20.91 S 

35 9 -61 10 -61 Fall 0.460 - 0.85 S 

37 3 -61 4 -61 Spring 1.365 6.53 0.44 S 

51 12 -60 2 -61 Winter 0.626 20.21 17.43 S 

55 4 -61 6 -61 Spring 0.427 6.67 3.10 N 

. 



Figure 2. Three factors affecting collection of salt spray at location eight on the Waldport sand dunes. 
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amounts of salt spray at the various locations on the Waldport dune, 

this experiment did show a general trend of distribution. Thus work 

was then begun in the greenhouse where the effect of salt on vegetation 

could be examined without the interaction of the other factors operating 

on the dune. From the data collected in the field, levels of salt 

accumulation were determined as previously shown in Table 12 on 

page 84. Five treatments or levels of salt were used, prepared from 

reagent grade sodium chloride. The use of the reagent grade chemical 

minimized the effect of any other impurities which might be present 

and which might cause uncontrolled side effects. The first level of 

30, 000 parts per million salt is roughly equivalent to the sodium chlo- 

ride present in sea water. The second level of 400 parts per million 

is equivalent to the salt catch on the foredune; the third of 160 parts 

per million corresponds to the primary dune area salt catch, and 100 

parts per million agrees with salt levels on the secondary -shrub stage 

of succession. These levels correspond to the average daily amount 

received by vegetation in these different areas. 

Sixteen species of beach plants were tested for salt tolerance. 

Each plant species was placed in a number ten tin filled with beach 

sand and kept until it was well established. It is recognized that the 

amount of salt deposition is not the same on each species because of 

the size and shape of leaf surfaces. A large, uniform surface has a 

lower deposition efficiency than an irregular, rough surface. A shrub 
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with an upright, open crown and having projecting twigs has a high, 

uniform deposition efficiency; whereas a shrub with a uniformly closed 

crown has a large uniform surface and a low efficiency. The same 

characteristics are generally true for the herbaceous plants of the 

spray community. Five milliliters of liquid were sprayed on each 

plant daily for a period of nine days, and each of the four treatments 

mentioned above were used. A fifth set of plants was sprayed daily 

with distilled water for a control. The plants treated and the results 

are shown in Table 14. 

It is apparent from these data that the plants which are usually 

found in the secondary vegetational areas of the dunes are much less 

salt tolerant than those found in the primary areas where the amounts 

of salt deposition are greater. Some of the secondary species such as 

Senecio, Hypocheris, Cerastium, Achillea and the grasses were in- 

jured by the treatment chosen to represent primary dune salt levels, 

but were able to survive this treatment. The treatment representing 

the foredune salt level killed all the secondary area species, but did 

not injure the primary area species. This would indicate that the 

levels selected probably do not represent actual levels in the field. 

Such is to be expected from the methods used in the salt collection 

experiment. 

Fifty -six days after the last date of spraying Poa, Polygonium, 

Glehnia, Abronia, Franseria, Convolvulus and Carex, plants from the 



Table 14. Results of treatments of varying amounts of salt on sixteen beach species for nine days. 

Species 
Treatment in ppm. 

30,000 400 160 100 0 

1. Senecio sylvaticus Dead Leaves Leaves No effect No effect 
Brown Brown 

2. Hypocheris radicata Dead Leaves Leaves No effect No effect t Killed Brown 
3. Aira praecox Dead Leaves Leaves No effect No effect 

Killed Brown 
4. Holcus lanatus Dead Leaves Leaves No effect No effect 

Killed Brown 
5. Cerastium arvense Dead Leaves Leaves No effect No effect 

Killed Brown 
6. Achillea millefolium Dead No effect Leaves No effect No effect 

Brown 
7. Fragaria chilensis Dead No effect No effect No effect No effect 8. Erigeron glaucus Dead Leaves No effect No effect No effect 

Killed 
9. Lupinus littoralis Dead No effect No effect No effect No effect 10. Poa macrantha Brown No effect No effect No effect No effect 11. Polygonium paronychia Brown No effect No effect No effect No effect 12. Glehnia leiocarpa Brown No effect No effect No effect No effect 13. Franseria chamissonis Brown No effect No effect No effect No effect 14. Abronia latifolia Dull No effect No effect No effect No effect 15. Convolvulus soldanella Dull No effect No effect No effect No effect 16. Carex macrocephala Dull No effect No effect No effect No effect 

o 

- 

. 

s.0 

- 
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primary stage of succession, had all recovered from the effects of 

spraying with 30, 000 parts per million salt. Leaves which had turned 

brown were replaced by new growth. Franseria especially had been 

stimulated with new growth at the base of the stem and was growing 

vigorously, even though the upper leaves had been killed previously 

by the salt spray. All other species were dead. 

The species of the secondary stages in succession were able to 

tolerate sodium chloride of 100 parts per million with no harmful ef- 

fects, but the 160 parts per million treatment was not tolerated by 

these plants as well as those of the primary dune plants. The 400 

parts per million treatment which represented salt levels of the fore - 

dune was not tolerated by all plants of the secondary stage in succes- 

sion with the exception of Achillea and Fragaria. Both of these spe- 

cies are found growing at edges of the primary dunes. 

This experiment was extended to test the effects of salt spray 

on coastal species from the tree -shrub and grass communities. 

Thirteen species which could not be grown easily in the greenhouse 

were collected in the fall of the year but before the plants were dor- 

mant. Branches or other vegetative parts were cut and the severed 

ends immediately placed in water. The same day they were collected 

they were brought back to the greenhouse and placed in pint bottles 

filled with distilled water. Three treatments of salt spray and a con- 

trol were used. One set of plants was sprayed daily with sea water 
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(28 milligrams of solids per plant, per day); a second set with 14 

milligrams of solids per plant, per day; a third with two milligrams 

of solids from sea water per plant, per day; and a fourth set only with 

distilled water. A power sprayer was used for the applications. Af- 

ter 13 days, when no effect was noticed in the plants, the amounts of 

solids from sea water were doubled. This was continued for five 

additional days, making the equivalent of 23 sprayings in 18 days. 

The treatments correspond to 28, 000, 14, 000 and 2, 000 parts per 

million respectively. 

The species tested in this experiment were as follows: 

1. Tsuga heterophylla 8. Rhododendron macrophyllum i 2. Picea sitchensis 9. Myrica californica 
3. Pinus contorta 10. Arctostaphylos columbiana 
4. Pseudotsuga menziesii 11. Cytisus scoparius 
5. Alnus oregana 12. Calamagrostis nuthaensis 
6. Gaultheria shallon 13. Ammophila arenaria 
7. Vaccinium ovatum 

The only effect noted in any treatment was from the 28, 000 parts per 

million treatment. Tips of Picea branches turned brown. Brown 

spots appeared on the leaves of Rhododendron and the tips of leaves of 

Arctostaphylos also turned brown. The leaves of Cytisus were a dull 

color. The other species remained normal in this treatment, with no 

differences between them and the control. 

The effect of sodium chloride on the subterranean portions of 

plants may be significant in the locations of different species in the 

salt spray community. Boyce (16, p. 56) stated that in the case of 
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dune plants the salts were absorbed through the aerial portions and 

not the roots. An experiment was designed to test this assumption 

and to see the effect of sodium chloride on roots. 

Twelve selected dune species were used in this experiment. 

These were: 

1. Rumex acestsoella 7. Glehnia leiocarpa 
2. Aira praecox 8. Achillea millefolium 
3. Holcus lanatus 9. Franseria chamissonis 
4. Senecio sylvaticus 10. Polygonium paronychia 
5. Abronia latifolia 11. Convolvulus soldanella 
6. Lupinus littoralis 12. Poa macrantha 

There were three replications. Plants were selected for similarity 

in size and were allowed to become established in the cans before the 

application of sea water or distilled water. One half of the plants was 

watered with 50 milliliters of sea water, and the other half received 

50 milliliters of distilled water. On the second day 25 milliliters of 

sea water and distilled water were used; on the third day 50 milliliters 

again were used, and then 25 milliliters of both sea water and distilled 

water were used for the duration of the experiment, which was ten 

days. In all, half of the plants received 300milliliters of sea water and 

the other half 300 milliliters of distilled water. 

After six days Holcus, Senecio, Rumex, Achillea and the 

lower leaves of Lupinus were wilted. There was some yellowing and 

browning of Aira and a definite retardation of growth, as compared 

with the controls. The lower leaves of Polygonium dropped off, and 
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the lower leaves of Poa, Glehnia and Franseria were yellow. 

Convolvulus and Abronia showed the least effect. 

Ten days after the start of the experiment all the plants which 

had been watered with sea water were cut at the surface of the sand 

and placed in weighed crucibles. These were dried in an oven at 100 

degrees Centigrade for 24 hours, weighed and then ashed. The ash 

was dissolved in 100 milliliters of distilled water, filtered and titrated 

against 0.282 M silver nitrate with potassium chromate as the indi- 

cator. The ashless filter paper was ashed in the crucibles and each 

sample was re- weighed. Differences between the first and second 

weights gave the true dry weight of the samples. The results of the 

titrations are shown in Table 15. 

Table 15. Results of watering twelve species of dune plants with 
sea water shown in milligrams of sodium chloride per 
milligram of dry weight. 

Species 
Mg. NaCl /Mg. 

Dry Weight Condition of Plant 

1. Rumex acetsoella 263 Dead 
2. Aira praecox 231 Dead 
3. Holcus lanatus 227 Dead 
4. Senecio sylvaticus 175 Dead 
5. Abronia latifolia 167 Brown 
6. Lupinus littoralis 163 Brown 
7. Glehnia leiocarpa 156 Brown 
8. Achillea millefolium 154 Dead 
9. Franseria chamissonis 144 Brown 

10. Polygonium paronychia 134 Brown 
11. Convolvulus soldanella 129 Brown 
12. Poa macrantha 115 Brown ' 
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Martin and Clements (59, p. 77 -78) have camera lucida 

drawings of succulent leaves, comparing those of the salt spray corn - 

munity with those of the same species in more sheltered environments.. 

Boyce (16, p. 56) in commenting on these drawings stated that the 

chlorine ion was not the only ion which induced hypertrophy in dune 

plants. He also quoted Van Eijk whose results were in agreement and 

who said that high concentrations of the chlorine ions resulted in en- 

largement of the mesophyll cells from two to three times that caused 

by sodium, potassium or sulfate ions. This assumption of the effect 

of sodium chloride uptake is also based on the observations and ex- 

periments of Boyce (14) who concluded that the concentration of chlo- 

rine ions cause the death of coastal plants. He further stated that 

this does not mean that other ions have no toxic effects at high con- 

centrations, but rather that it is a matter of the chlorine ions reaching 

detrimental concentrations long before others cause injury. 

It is apparent from the results of the experiment that some of 

the plants are able to take up large quantities of the chlorine ion with- 

out toxicity. Other plants seem to thrive in the salt spray community 

because they do not take up large quantities of chlorine. Of the two 

plants observed which showed the least effects of chlorosis, Abronia 

illustrates the first phenomenon and Convolvulus the latter. In gener- 

al the plants of the primary dune show one or the other of these effects, 

while the plants of the secondary zone take up large amounts of salt and are 

. 
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quickly killed. An exception to this last generalization is Achillea 

which takes up relatively small amounts of the ions and yet is quickly 

killed. 
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Salt Spray as a Nutrient Source 

In the literature of work done with plants of the salt spray com- 

munity there are tantalizing allusions here and there to the effect that 

some of the plant nutrients come from salt spray. Woodcock (100) 

indicated that droplets ejected from the water when the water was 

covered with organic matter came out with a coat of this material. 

Sometimes small sea organisms and parts of plankton were included 

in the droplets. The moisture quickly dried in the wind and the or- 

ganic matter coated the inorganic salts. Thus the oceans may supply 

a substantial part of plant nutrients within the spray community. 

Effects of different concentrations of sea water upon the tops 

and roots of various plants growing in the sand dune environment have 

been presented in a previous section. This section deals with studies 

designed to determine if sea water may be beneficial to the growth of 

certain plants adapted to the coastal sand dunes. Eleven species of 

dune plants were selected in preliminary tests. These plants were: 

Holcus lanatus 
Rumex acetsoella 
Hypocheris radicata 
Senecio sylvaticus 
Cerastium holosteoides 
Epilobium franciscanum 

Aira praecox 
Achillea millefolium 
Lupinus littoralis 
Convolvulus soldanella 
Poa macrantha 

Some of the other plants typical of the dune environment such as 

Abronia latifolia, Glehnia leiocarpa, Franseria chamissonis and 
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Polygonium paronychia were not used because of the problem of ob- 

taining a sufficient number of plants of uniform size. Small differ- 

ences in growth were expected, so only plants grown from seed were 

used. Three of the eleven species are normally associated with the 

primary stage of sand dune succession. These are Poa macrantha, 

Convolvulus soldanella and Lupinus littoralis. The remaining species 

are usually found in the secondary stage of sand dune succession. 

Plants approximately two months old were selected for even- 

ness of size. Single plants were placed in number 2.5 cans which 

were filled with 750 milliliters of dune sand. The plants were watered 

during the experiment to maintain moisture near field capacity in the 

sand. The light source was supplied by florescent tubes providing 

300 foot -candles and was set for a 14 hour day length. The plants 

were covered with plastic bags. This provided a humid atmosphere 

around the plants so that there would be the maximum effect of the 

salt on the plants. 

Five treatments were used, based on the salinity of sea water 

collected from the surf near Waldport. This sea water was found to 

be approximately 28 parts per thousand solids. By serial dilution the 

following amounts of solids for the treatments were obtained: 

1. 2. 0 milligrams of solids per plant, per day. 
2. 1.5 milligrams of solids per plant, per day. 
3. 1.0 milligrams of solids per plant, per day. 
4. 0. 4 milligrams of solids per plant, per day. 
5. Distilled water. 
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Five milliliters of each treatment solution were applied per plant, 

with the control receiving five milliliters of distilled water per plant. 

All plants were placed in a pasteboard box when the respective treat- 

ments were applied. A power sprayer was used with a pressure of 

one pound per square inch. Plants with larger leaves such as Hypo - 

cheris and Convolvulus probably received more of the solids per 

plant than such plants as Poa and Holcus. The use of the box as a 

spraying chamber allowed a better distribution of solids and prevented 

drift to plants receiving other treatments. 

At the end of 14 days the plants were carefully washed from the 

sand, so that all the roots were retained. Then the plants were dried 

in an oven at 100 degrees Centigrade for 24 hours. After weighing, 

the plants were ashed in a muffle furnance at 550 degrees Centigrade 

and re- weighed. The ashing was necessary in obtaining true dry 

weight because many sand particles clung to the root hairs and fine 

root parts. The difference between oven and furnace weights was 

considered to be the true dry weight of the plants. The results shown 

in Table 16 are for those plants which showed a significant gain or 

loss in weight as the salt concentration increased. 

Holcus was the only species which appeared to show a favorable 

response to salt spray treatments, with even the most heavy applica- 

tion of sea water showing better growth than the control. Growth of 

Senecio, Convolvulus and Hypocheris was reduced with increasing 
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Table 16. Dry weight of four species of beach plants after spraying 
with four concentrations of sea water for fourteen days 
(in grams). 

Treatments in Milligrams of Solids 
Species 2.0 1.5 1.0 0.4 0.0 

Holcus lanatus 0.321 0.383 0.383 0.379 0.241 
Senecio sylvaticus 0.021 0.036 0.039 0.062 0.054 
Convolvulus soldanella 0. 041 0.054 0.060 0.043 0. 057 
Hypocheris radicata 0.056 0.094 0.125 0.138 0.140 

concentrations of sea water. The growth of Convolvulus appeared to 

be affected to a lesser degree than the other two species. Hypocheris 

showed the greatest reduction in growth. None of these concentra- 

tions of sea water caused any signs of burning. 

A second experiment was set up to test the above four species 

over a longer period of time and also to use one treatment of a 

higher concentration of solids. The treatments were as follows: 

1. 3. 0 milligrams of solids per plant, per day. 
2. 2. 0 milligrams of solids per plant, per day. 
3. 1.5 milligrams of solids per plant, per day. 
4. 1.0 milligrams of solids per plant, per day. 
5. Distilled water. 

As in the previous experiment plants were selected for evenness of 

size. These plants were approximately two and one half months old, 

were planted in number 2. 5 cans filled with 750 milliliters of beach 

sand from the primary area of succession. The plants were watered 

and placed under florescent lights with 300 foot - candle intensity and 

a 14 hour day length. There were three replications of the five 
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treatments, randomized in the space under the lights. Because of the 

numbers of cans involved and the length of the experiment, plastic 

bags were not used to cover the plants. 

The plants were sprayed daily for a total of 36 days. At the 

end of this period the plants were pulled from the sand for dry weight 

determinations. After the sand had been allowed to dry out it was 

passed through a one millimeter screen so that most of the plant roots 

were obtained. As in the previous experiment, the samples were 

dried in an oven at 100 degrees Centigrade for 24 hours, weighed, 

ashed in a muffle furnace at 550 degrees Centigrade and re- weighed. 

The difference in weights, considered the true weight, is shown in 

Table 17. 

Table 17. Dry weights of four species of beach plants after spraying 
with four concentrations of sea water for 36 days (in 
grams). 

Treatments in Milligrams of Solids 
Species 3.0 2.0 1.5 1.0 0.0 

Holcus lanatus 0.227 0.228 0.293 0.297 0.214 
Senecio sylvaticus 0.072 0.082 0.086 0.058 0.066 
Convolvulus soldanella 0.094 0.070 0.072 0.090 0.078 
Hypocheris radicata 0.045 0.039 0.049 0.052 0.059 

Results again suggest a favorable response of Holcus to sea 

water. The application of the treatments to Hypocheris showed a re- 

sponse in the opposite direction. The response of both Senecio and 
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Convolvulus was less clear and suggested greater resistence to sea 

water applications than the previous 14 day trial. There was no 

burning of plants in any of the treatments. 

In spite of the strong suggestions of the favorable effect of sea 

water application upon Holcus, the results of this experiment must be 

interpreted with caution. A wider selection of sand dune plants, es- 

pecially those native to the first stage in sand dune succession is 

needed. An increased number of replications and the extension of the 

treatments for a longer period of time would have been helpful. 

There is also the matter of different seed size and the amount of nu- 

trients supplied to the plant seedling from this source. Also, the 

amount of organic materials included in sea water blown from the surf 

may be somewhat different than that collected and applied later in the 

laboratory. 

The manner in which these dune plants obtain nutrients for 

growth in raw sand in this region of high rainfall poses some interest- 

ing questions. The possibility of sea water as an aid in the growth in 

certain plants is at least suggested from this limited study. 
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Response of Senecio sylvaticus to Low 
Nutrient Levels in Beach Sand 

In the spring of 1961 the work of West and Chilcote (96) con- 

cerning the autecology of Senecio sylvaticus on Douglas fir clear -cuts 

in western Oregon was brought to the attention of the writer. This 

plant appeared to be a fertility indicator in these clear -cut areas. 

The second year after the forest area was opened up by the removal 

of the trees and the burning of the slash, Senecio grew in great abun- 

dance. The following year no plants remained. With the application 

of ammonium phosphate the species was kept growing for an additional 

year. 

This same species was found growing naturally on sand dunes 

along the coast where the fertility level is assumed to be very limited. 

Speculation arose as to the possibility of the existence of an ecological 

race of Senecio adapted to the sand dune environment. Some prelim- 

inary tests were made regarding this assumption. 

Seed from both sources was collected in the fall of 1960. 

Plants grown from seed collected from the coastal dunes are hereafter 

referred to as "coastal Senecio. " Plants grown from the seed col- 

lected from Mary's Peak are hereafter referred to as "valley 

Senecio. " Plants from these two seed sources were germinated the 

following spring after collection and their growth performance was 



104 

observed when planted in fresh and depleted beach sand and a 

greenhouse mixture of soil. 

Fresh beach sand was used to compare the performance of 

both kinds of plants in a medium of low plant nutrients. After several 

months it was observed that the coastal Senecio had grown much 

taller, was flowering and setting seed, while valley Senecio remained 

only in the rosette stage. Both coastal and valley Senecio were also 

planted in depleted beach sand. This sand had had plants growing 

continuously in it for the previous eight months in the greenhouse. 

Coastal Senecio remained in a rosette stage as did the valley Senecio, 

but the coastal seedlings survived in a healthy condition much longer 

than did the valley plants. 

To test the ability of both coastal and valley Senecio under 

more favorable fertility levels a potting mixture of loam, peat moss 

and coarse sand was used. In less than five months both kinds of 

seedlings had bolted and were flowering. Effects of competition be- 

tween plants was also observed. With different rates of sowing the 

coastal plants appeared to withstand competition better than valley 

seedlings. 

On the basis of this preliminary evidence of differences be- 

tween both kinds of seedlings it was decided to test the response of 

both valley and coastal seedlings in both primary and secondary beach 

sand which were assumed to represent different fertility levels. It 
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was hoped that such an experiment would not only determine the pos- 

sibility of two ecological races of the same species but also test the 

fertility levels of sand from these two stages in sand dune succession. 

Seed of both valley and coastal Senecio was germinated in the 

greenhouse. After two weeks the young seedlings were transplanted 

into number 2.5 cans which were filled with 750 milliliters of primary 

or secondary dune sand. Two seedlings were transplanted into each 

can. The plants were watered and allowed to become established for 

a week. Five treatments or levels of fertilizer were used. These 

are summarized in Table 18. The nutrient level of treatment 4 was 

at a level similar to that used by West and Chilcote (96). Treatments 

3 and 2 were each one third less, approximately, of the nutrient level 

of treatment 4. Six nutrient elements were selected for testing based 

on Hoagland's solution (48, p. 36 -39), using reagent grade potassium 

di- hydrogen phosphate, calcium nitrate and magnesium sulfate. The 

phosphorous and nitrogen levels were based on the application of am- 

monium phosphate by West and Chilcote and the amounts of the other 

elements followed the ratio suggested by Hoagland's solution. 

The fertilizer was applied in 100 milliliters of distilled water 

on October 26, 1961 and again on December 19, 1961. The plants 

were all kept in the greenhouse under florescent lights of 300 foot - 

candle intensity for 14 hours per day. The plants were watered as 

necessary to keep the sand at approximate field capacity and with as 



Table 18. Treatments used 
sylvaticus (in 

in fertility trials of coastal and valley seedlings 
milligrams per 100 milliliters). 

of Senecio 

Treatment Nitrogen Phosphate Potassium Calcium Magnesium Sulfur 

1 

2 14.4 8.3 12.9 20.7 6.1 8.0 

3 28.8 16.8 25.8 41.5 12.3 16.1 

4 43.5 24.9 31.6 62.5 18.3 24.0 

5 43.5 - - ---- 

- - - 
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little drainage as possible. However, the cans were on a raised plat- 

form and paper cups were so placed to collect any excess drainage. 

This water was re- applied to the plant so there would be no losses by 

leaching of nutrients. After 140 days the tops of the plants were har- 

vested and dried for 24 hours in an oven having a temperature of 100 

degrees Centigrade. The results of the experiment as shown by dry 

weight and plant height are given in Table 19. 

In most cases the coastal variety of the species had greater 

gains in dry weight and plant height than that of the valley variety 

under the same conditions of environment. Also, in most cases the 

dry weight and plant height was greater in secondary sand for both 

coastal and valley Senecio. The only exceptions are found in treat- 

ments 2 and 3 for dry weight. 

In all cases the coastal plants were higher than the valley 

plants. Usually coastal and valley Senecio grown in secondary sand 

were higher than those grown in primary sand. The exception is in 

treatment 5 where both coastal and valley plants grew taller in the 

primary sand. One possible explanation may be that there is a greater 

amount of available phosphorous in the primary sand where few plants 

are present to deplete the available phosphorous. Plants growing 

under the fertility level provided by treatment 5 did not show the yel- 

lowing effect as was noticed in treatment 1, even though the size of 

the plants in the two treatments was approximately the same. 



Table 19. Effect of four levels of plant nutrients upon coastal and valley seedlings of Senecio sylvaticus 
as shown by dry weight and plant height after 140 days (in grams and inches). 

Treatment 
Kind of Stem Wt. Root Wt. Total Wt. Stem Ht. 

Sand VS CS VS CS VS CS VS CS 

1 Sec. 0.228 0.211 0.102 0.121 0.329 0.332 10.1 11.1 
Pri. 0.142 0.180 0.071 0.048 0.213 0.228 9.2 10.6 

2 Sec. 2.061 2.249 0.306 0.329 2.367 2.578 28.9 30.5 
Pri. 1.743 1.694 0.239 0.198 1.982 1.892 26.2 26.8 

3 Sec. 2.919 2.436 0.374 0.491 3.293 2.927 20.7 23.9 
Pri. 2.584 2.603 0.351 0.353 2.885 2.956 19.3 18.8 

4 Sec. 3.426 3.664 0.587 0.635 4.013 4.299 18.3 19.9 
Pri. 2.896 3.670 0.292 0.406 3.188 4.076 15.5 18.7 

5 Sec. 0.361 0.576 0.116 0.112 0.477 0.688 3.6 9.8 Pri. 0.538 0.830 0.131 0.109 0.669 0.939 8.4 12.2 

Average Sec. 1.799 1.827 0.297 0.338 2.096 2.165 16.3 19.0 
Pri. 1.581 1.795 0.217 0.225 1.798 2.020 15.7 17.4 

" 
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Some of the results found in treatment 5 of the previous ex- 

periment raised the question of the interaction between mineral nu- 

trients. Therefore a further experiment was set up to follow the 

growth response of the two seed sources of Senecio. Again coastal 

and valley seedlings were grown under similar conditions as during 

the previous experiment. However, each treatment deleted one of 

the six basic nutrient elements. The fact that there was no control 

was because of a shortage of seedlings of similar size. However, 

treatment 4 of the previous experiment was available as a control 

comparison, so this limitation was not considered to be seriously 

limiting. The plant nutrients used are shown in Table 20. 

Table 20. Fertility trials of coastal and valley seedlings of Senecio 
sylvaticus with certain essential plant nutrients deleted 
for 86 days (in milligrams per 100 milliliters). 

Treatment N P K Ca Mg S 

1 Check 
2 -P 43.5 31.5 62.5 18.3 24.0 
3 -Ca 43.5 25.0 31.5 18.3 24.0 
4 -K 43.5 25.0 62.5 18.3 24.0 
5 -N 25.0 31.5 62.5 18.3 24.0 

Potassium chloride was substituted for potassium di- hydrogen phos- 

phate in treatment 2; sodium nitrate was substituted for calcium ni- 

trate in treatment 3; sodium di- hydrogen phosphate was substituted 

for potassium di- hydrogen phosphate in treatment 4; and calcium 

____ ____ ____ ____ ____ ____ 
- - -- 

- - -- 
- - -- 

- - -- 
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chloride was substituted for calcium nitrate in treatment 5. 

After 86 days the tops of the plants were harvested and dried 

for 24 hours in an oven having a temperature of 100 degrees Centi- 

grade. The results of this experiment expressed in dry weight and 

plant height are shown in Table 21. 

Table 21. Effects of fertility trials of coastal and valley seedlings of 
Senecio sylvaticus with certain essential plant nutrients 
deleted as shown by dry weight and plant height after 86 
days (in inches and grams). 

T reatment 
Stem Wt. Root Wt. Total Wt. Stem Ht. 
VS CS VS CS VS CS VS CS 

1 Check 0.340 0.645 0.139 0.113 0.479 0.758 4.9 9.9 
2 -P 0.311 0.700 0.092 0.167 0.403 0.867 2.9 8.8 
3 -Ca 1.908 2.234 0.425 0.443 2.333 2.677 19.1 24.4 
4 -K 1.749 2.321 0.411 0.413 2.160 2.734 18.8 28.5 
5 -N 0.135 0.472 0.056 0.118 0.191 0.590 -- 7.4 15.8 

Average 0.889 1.275 0.225 0.250 1.114 1.526 10.6 17.5 

Coastal Senecio in all cases was greater in dry weight and 

plant height than valley plants. Coastal and valley Senecio both showed 

little effects of the deletion of the essential elements calcium and 

potassium. The growth habit was similar to those plants of the ear- 

lier experiment in which the maximum levels of plant nutrients were 

added. A possible explanation for this effect is that there is suffici- 

ent available calcium and potassium in beach sand to provide for 

good growth of these plants. The greatest effect of deficiency was 
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observed where phosphorous and nitrogen were deleted. The differ- 

ence between coastal and valley Senecio was most striking in treat- 

ment 5 where nitrogen was deleted. The coastal plants seemed to 

grow much better under the low fertility levels, were taller and the 

dry weight was greater. The valley plants with a lack of phosphorous 

remained in the rosette stage, while the coastal plants with this 

treatment bolted and produced blossoms. Phosphorous and nitrogen 

seem to be the limiting nutrients. 

The previous experiment suggested that coastal beach sand 

contained sufficient calcium and potassium for normal growth both 

for coastal and valley Senecio. To further check this response of 

differences in nutrient requirements between both races of Senecio an 

additional experiment using water culture techniques was designed. 

Using this approach the unknown contribution of nutrients by the 

beach sand to the plants in the previous experiment would be elimi- 

nated. 

Plants of both valley and coastal Senecio which had been ger- 

minated from seed in the greenhouse were used. These plants were 

about 30 days old. They were placed in paper stoppers and then set 

in pint milk bottles in which the nutrient solution was added. One 

seedling was used per bottle. Six treatments were used. The various 

treatments are summarized in Table 22. 
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Table 22. Fertility trials of coastal and valley seedlings of Senecio 
sylvaticus in water with certain essential plant nutrients 
deleted (in milligrams per 100 milliliters). 

Treatment N P K Ca Mg S 

1 Water 00.0 00.0 00,0 00.0 00.0 00. 0 

2 -P 43.6 00.0 34.9 62.5 18.3 24.0 
3 -Ca 43.6 27.9 34.9 00.0 18.3 24.0 
4 -K 43.6 27.9 00.0 62.5 18.3 24.0 
5 -N 00.0 27.9 34.9 62.5 18.3 24.0 
6 Control 43.6 27.9 34.9 62.5 18.3 24.0 

Iron in the form of EDTA was added to all of the treatments except 

the first one, and Hoagland's minor elements (48, p. 36 -39) were also 

added. The solutions were changed once a week. At the end of 54 

days the plants were harvested. They were dried in an oven for 24 

hours at a temperature of 100 degrees Centigrade. A summary of the 

average length of survival, stem and root lengths of surviving plants 

and dry weights is given in Table 23. 

At the end of a 54 day period most of the plants were dead or 

showing nutrient deficiencies. Coastal seedlings survived much better 

than the valley plants, with 61 percent of the coastal seedlings sur- 

viving as compared to 22 percent of the valley plants. Only in the dis- 

tilled water did the valley seedlings survive as well as the coastal 

plants. In each case the coastal plants were longer in both stem and 

root and weighed more than valley plants. Coastal plants bolted and 

flowered in distilled water and without nitrogen, but the valley 

4 



Table 23. Average days of survival, with plant height and dry weight for coastal and valley 
seedlings of Senecio sylvaticus in water for 54 days with certain plant nutrients 
deleted. 

Treatment 

Days of 
Survival 

Plant Weight 
in Grams 

Plant Length 
in Inches 

Plants Alive at 
End 

VS CS 
Total Stem Root 

VS CS VS CS VS CS VS CS 

1 Water 54 54 0. 165 0.323 4.6 10.0 6.2 8.2 3 3 

2 -P 37 44 0.087 0.444 0.0 6.0 0.0 4.4 0 2 

3 -Ca 7 14 0.063 0.240 0.0 0.0 0.0 0.0 0 0 

4 -K 36 39 0.075 0.183 0.0 6.2 0.0 4.6 0 1 

5 -N 34 54 0.053 0.325 0.0 11.8 0.0 11.3 0 2 

6 Control 45 54 0.141 0.307 1.6 2.7 5.0 4.3 1 3 

Average 35 43 0.097 0.304 3.1 7.3 5.6 6.6 4/18 11/18 
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seedlings did not survive where nitrogen was absent and did not flower 

or bolt in distilled water. Coastal plants remained in the rosette 

stage where there was an absence of phosphate, while the valley plants 

did not survive longer than 37 days with this treatment. Both coastal 

and valley plants showed the classical calcium and potassium defici- 

encies. Only one plant of the coastal plants survived these treat- 

ments, but the coastal plants survived twice as long as the valley 

plants with the absence of calcium. These data would suggest a suf- 

ficient amount of these two elements in beach sand for the growth of 

Senecio, and would confirm the results of treatments 3 and 4 in the 

previous experiment (see pages 109 -111). 

These experiments suggest the existence of two physiological 

races of Senecio. The valley race, common to the Douglas fir clear - 

cuts in western Oregon, appears to require a rather high level of 

nitrogen and phosphorous which are present during the first year after 

cutting and burning of the fir. The coastal race persists year after 

year in a much sparser fashion in the early stages of dune succession. 

Although the nitrogen and phosphorous levels are quite low in this 

dune sand there seems to be a sufficient amount to support the coastal 

race of Senecio which allows it to flower and set seed. Many of the 

coastal plants are small and spindly, ranging from 8 to 12 inches in 

height, but others are more robust and range in height from 12 to 30 

inches. 
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Based upon this study there is the suggestion that such adapta- 

tions to low nutrient levels may also exist in other species which are 

common to the coastal sand dunes and are also found on other types 

of soils in western Oregon. Some of these species include Holcus 

lanatus, Hypocheris radicata, Rumex acetosella, Aira praecox, 

Cerastium arvense, Plantago major, Achillea millefolium, Festuca 

rubra, and Erechtites prenanthoides. 
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Moisture 

Numerous observers have noted the xeric features of the sand 

dune vegetation. Plants of the primary dunes along the Oregon coast 

are not different in this respect in spite of the high amounts of rain- 

fall received here. There is a seasonal pattern of rainfall usually 

with the largest amounts of precipitation occurring from September to 

May. During the summer there is usually little or no rainfall. The 

sand, made up principally of mineral particles, stores little water 

against the force of gravity. 

Of all the soil moisture conditions or constants which have 

been proposed for an understanding of plant -water relationships there 

are two which are most important in plant growth, according to 

Veihmeyer and Hendrickson (92, p. 75). These are the permanent 

wilting percentage and field capacity. Permanent wilting percentage 

as defined by these workers is the moisture content of the soil ex- 

pressed as a percentage of dry weight, at the time when the leaves of 

the plant growing in soil undergo permanent wilting. This permanent 

reduction of moisture is a condition from which the plants cannot re- 

cover in an approximately saturated atmosphere without the addition 

of water to the soil. This constant is the lower limit of readily avail- 

able water for plants and is a constant varying for any given soil. 

The second constant is field capacity which is defined by these 
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same workers as the maximum amount of moisture which can be 

stored in the pores of the soil against the force of gravity. The 

amount of moisture between these two limits is presumably the 

amount of water available to the plants growing on the dune. 

For an understanding of plant -water relationships the values 

were first obtained for these constants. In determining the permanent 

wilting percentage of coastal dune sand Holcus lanatus was used as an 

indicator plant. This plant grows well in the greenhouse from seed 

and has a well - developed roots system which spreads evenly through- 

out the sand. The grass plants were grown in number 10 cans for 75 

days or until there was a good root distribution. Water was then 

withheld from these plants until they were permanently wilted, or 

until they failed to recover turgidity in an approximately saturated at- 

mosphere. A number of replications of this method gave a moisture 

content of 0.7 percent which was assumed to be near the permanent 

wilting point. Only one kind of plant was used in this determination, 

but it was assumed to provide some index of the permanent wilting 

point in beach sand. 

The field capacity was also determined experimentally with 

both primary and secondary dune sands. A number of glass columns 

2. 5 inches in diameter by 16 inches high were filled with dry sand. 

Water was added and allowed to come to equilibrium some distance 

above the bottom of the glass containers. Each glass column was 
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covered with foil to prevent excessive evaporation. After 48 hours 

samples which included most of the moist sand were removed and the 

percentage of moisture on a dry weight basis were determined. The 

primary dune sand showed a field capacity of 10.0 percent and the 

secondary dune sand a field capacity of 16.3 percent. 

After the range of available water was determined according 

to the emperical method described above, a field study of soil mois- 

ture on sand dunes was carried out to determine the degree to which 

moisture may be limiting for plant growth in the sand dune environ- 

ment, both in primary and secondary dune locations. 

Composite samples of sand were taken at two depths from 

three locations at various times during the summer months from the 

Waldport dunes. The sites selected were two from primary dune 

sites and one from a secondary dune area. The upper level was 

from the three to six inch layer of sand and the lower level was from 

the 15 to 18 inch layer. Moisture expressed in percentages of the 

dry weight is shown in Table 24. 

There is a considerable difference in amounts of average 

moisture between the primary and secondary sites. At the end of 

July and August moisture in the top level of the secondary was below 

the experimentally determined 0. 7 percent of the permanent wilting 

percentage. This is probably due to the greater amount of vegetative 

cover on the secondary dune stage. In this area where samples were 



Table 24. Moisture expressed in percent at two depths from three sites from Waldport sand -dunes. 

Date 

Primary Secondary Rainfall 

Upper Level Lower Level 
Upper 
Level 

Lower 
Level 

In Inches 
During 

Interval 
Days Since 
Last Rain. 1 2 1 2 1 2 

6 -27 -61 
6 -30 -61 1.05 1.77 3.10 3.63 - - - 0.17 1 

7- 9 -61 2.25 1.63 3.30 3.80 0.82 1.93 0.11 4 

7 -30 -61 1.52 1.52 2.67 2.77 0.52 1.21 0.16 9 

8 -30 -61 3.10 3.52 2.88 2.25 0.41 0.81 0.62 4 

9- 9 -61 3.10 3.93 4.92 5.81 1.93 3.74 1.03 4 

10 -14 -61 2.77 2.35 6.26 4.82 2.67 4.70 3.78 1 

11- 4 -61 3.42 3.42 6.50 6.04 4.26 5.92 5.61 1 

- -- 

.73 
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taken total plant cover was 90 percent, while total plant cover for 

the primary dune sites was 10.7 and 24.0 percents respectively. Al- 

though the moisture in the three to six inch level fell below the wilting 

percentage, perennial plants did not show wilting, suggesting that 

their roots easily penetrated to below the 15 to 18 inch level. 

Moisture did not appear limiting in either level in primary 

dune sand. 

At the end of August it was noticed that the upper levels of the 

primary dune sand contained more moisture than the lower levels. 

The last precipitation was four days before the observations were 

taken. This led to speculation as to the rates of penetration of mois- 

ture through beach sand, as well as rates of evaporation from the 

surface. This is an important phenomenon as far as establishment 

of seedlings is concerned. 

Earlier in the summer of 1961 an early morning rainfall was 

observed after a dry period in which the sand had dried down to a 

depth of five inches. Five hours after this rainfall of O. 17 inches, 

moisture had penetrated the sand about 5/8 inches below the surface 

of the sand. During the day a moderate southwest wind (Beaufort 

Scale 4: 13 -18 miles per hour) was blowing. By 7:00 P.M. the mois- 

ture was continuous in the sand and a layer of about 1/2 inch of dry 

sand had formed on the surface. 

There is a rapid drying of the sand surface and also good 

V 
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penetration of water, which effectively stores it, since the water is 

soon beneath the evaporation zone. The thin, dry sand layer may 

also be a factor in reducing rapid evaporation losses by providing 

a mulching effect. 

These observations led to an experiment to see how far and 

how rapidly a definite amount of water would penetrate in dry mineral 

sand. A glass cylinder was filled with dry sand. Rainfall of 0.17 

inches was calculated for the surface area of the column to be 13. 6 

milliliters of water. This amount of water was sprayed on the sur- 

face to simulate rainfall and to spread the water evenly over the sur- 

face. After five hours the moisture had penetrated the dry sand 

0.625 inches. After 16 hours the moisture had penetrated 4. 5 inches, 

nearly duplicating the conditions on the dunes. There is rapid pene- 

tration of moisture below the evaporation zone. Thus small amounts 

of precipitation furnish an abundance of water where the sand is deep 

and there are few plants. The formation of a dry layer on the sur- 

face is an advantage to established plants but is a formidable barrier 

to the establishment of new seedlings during the summer months. 

Since there were different amounts of water in primary and 

secondary dune sand, the questionarose whether there were differ- 

ences in the ability of plants characteristic of these two stages to en- 

dure moisture stress. Twelve species of plants were selected for an 

experiment to test their relative ability to endure prolonged wilting, 
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conditions which would be found in plants growing in the upper levels 

of the sand. The plants used were: 

Primary Stage Secondary Stage 

Convolvulus soldanella 
Franseria chamissonis 
Glehnia leiocarpa 
Abronia latifolia 
Poa macrantha 

Holcus lanatus 
Aria praecox 
Senecio sylvaticus 
Rumex acetosella 
Achillea millefolium 
Lupinus litto rali s 
Polygonium paronychia 

Although Lupinus and Polygonium may grow in primary areas they 

are found in greater numbers in the secondary vegetation sites, and 

thus are included under the latter category. 

Plants were selected for similarity in size and placed in 

number 2. 5 cans filled with sand from secondary sites. The plants 

were all grown from seed, except for Polygonium, Franseria and 

Abronia which were transplanted from the beach. These plants re- 

produce mainly by vegetative means. Three replications of seedlings 

were grown until they were about the size of the transplanted plants 

and until all were well established in the cans. The seedling plants 

were about 40 days old and all plants were about four inches high at 

the beginning of the experiment. The plants were not watered for a 

period of three days, which reduced the water in the sand to approxi- 

mately the permanent wilting percentage of 0. 7 percent. At this point 

records were kept of the length of time required for the plants to 

permanently wilt. The results are shown in Table 25. 
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Table 25. Average time required for 12 species of beach plants to 
permanently wilt in days. 

Franseria chamissonis 19 Achillea millefolium 8 
Abronia latifolia 21 Senecio sylvaticus 12 
Convolvulus soldanella 24 Holcus lanatus 17 
Glehnia leiocarpa 24 Aira praecox 19 
Poa macrantha 27 Polygonium paronychia 20 

Rumex aceto sella 21 
Lupinus litto rali s 21 

There is an average of 23 days for the primary species and of only 

17 days for the secondary plants. The difference in the ability of 

these plants to resist wilting was statistically significant. It should 

be noted that the secondary plant Rumex was able to resist wilting 

longer than the primary species Franseria and Polygonium. The 

succulence of the Rumex as compared with the leaves of Franseria 

and Polygonium may have a bearing on this difference. The length of 

time these plants could remain wilted before death was not studied. 

Moisture levels in the sand dune environment appear to be high enough 

that death due to prolonged drought in older plants is not common. 

Many of the plants of the primary dune areas have developed 

morphological features which appear related to transpiration rates. 

These include some of the so- called xeric features such as sunken, 

swollen stomates; thick cuticle; succulence; pubescence; "sticky" 

coverings; and a reduced leaf surface. Plants of the secondary dune 

areas are not as well adapted for the reduction of water losses of `/ 
/ 
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transpiration by the morphological adaptations. Some of these spe- 

cies are annuals which bloom and set seed before the dry months 

occur, and others are perennial plants which become dormant 

throughout the summer. Many of the plants of both areas have 

large, fleshy, tap -root systems while others have fibrous root sys- 

tems of great density. Root penetration usually is both wide and 

deep, allowing moisture to be collected from large areas of sand. 

Some primary plants develop long, succulent rhizomes from 35 to 50 

feet in length. Such plant adaptations make possible life on the dunes 

even in times of drought. 

Although plants of the primary dune environment appear to 

have abundant water available, their apparent greater resistance to 

wilting and xeric morphological features may suggest considerable 

endurance of moisture stress. Increased wind speeds and more rapid 

evaporation during the summer months may be related to the more 

xeric tolerance exhibited in these plants. 
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Sand Movement 

A prominent feature of every sand dune is the movement of 

sand, which has important effects on the vegetation present. There 

is covering and uncovering of plants and when winds reach higher 

velocities there may be a sand blasting effect on the vegetation. 

Some of-the tree species such as Picea and Pseudotsuga succumb as 

they are covered by advancing dune sand. Other species such as 

Ammophila only grow well as they are covered by the sand. 

There is a constant movement of sand, whether the sand is 

dry and is carried by the less strong northwest winds of summer, or 

the sand is wet and carried by the stronger southwest winds of winter. 

The increase in sand in large amounts is generally at the heads of 

the dunes where there is no vegetation. Most of the Oregon dunes 

are pointed toward the northeast, and it is not uncommon for winter 

winds to move enormous amounts of sand on the dunes in the Waldport 

area. The slip -face of the middle dune in this location is approxi- 

mately 100 feet high. This dune moved at the rate of about 25 feet 

per year, during the years in which observations were taken. 

Cooper (27, p. 112) points out that the only situation where satisfac- 

tory quantitative data can be obtained on dune movement is where an 

active slipface is invading a stabilized dune surface or new territory, 

as here the edge of the new sand is usually very definite. 

/ 
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The spacing between plants permits movement of sand by the 

constantly blowing winds. Relative cover on the primary dunes as 

found on eight study sites averages 12.5 percent and ranges from a 

low of 5. 1 percent to a high of 36.7 percent. The latter is rather the 

exception to the numbers of plants found in this area. 

Because of the effects of moving sand on vegetation it was 

thought desirable to measure the net movement of sand in the course 

of a year. Sand movement stations were set up in 1960 in connection 

with the eight plots laid out in the primary dune areas of the Waldport 

area. There were a minimum of four per plot. A typical station was 

that at plot number 2. This site was selected as it was midway in the 

dune from the lower end to the slipface. It was also representative of 

what was found from most of the other stations. In 1960 there was a 

northwest movement of sand of 1/4 inch in two weeks, an additional 

increment of 1/2 inch in the next 18 days; then there was little net 

movement of sand. Late in November, 1960 there was a severe 

storm which brought southwest movement of sand with an increase of 

about eight inches. A month later, in spite of heavy rainfall during 

the winter months, half of this increase was moved away from the 

station. By June, 1961 the sand level was nearly that of the previous 

year. In December, 1961 sand had accumulated to nearly four inches 

above that of the previous June, but a year later this again was nearly 

level with the original starting point. 
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When local areas of the dune accumulated sand as near plot 4 

there is a dramatic change in the kinds of plant species. In 

February, 1961 sand had blown across nearly half of this plot which 

showed secondary vegetation predominately the previous summer. 

The fresh sand varied from a depth of from three to eight inches. In 

August of the same year 2/3 of the plot was buried with another four 

inches of fresh sand. In May, 1962 the northeast corner was buried 

with about 18 inches of additional sand. The vegetation change and 

the amount of cover is shown in Table 26. 

Table 26. Changes in plant cover on 
addition of wind blown sand. 

a primary dune site with the 

1960 1961 

Lupinus littoralis 26.3 2.9 
Hypocheris radicata 23.3 8. 0 
Litter 16.1 13.7 
Poa macrantha 14.2 20.0 
Misses 13.6 42.2 
Carex macrocephala 2.3 6. 4 

Plants usually predominant in secondary areas declined and the 

primary vegetation increased within one year. The number of misses 

as shown by 1000 points per plot using an occular point frame in- 

creased greatly, showing that the cover declined 28.8 percent in one 

year. 

The movement of sand has an especially limiting effect on the 

establishment of plants from seed. In an experiment in the 
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greenhouse seeds of Convolvulus soldanella, Lupinus littoralis, 

Hypocheris radicata, Holcus lanatus and Poa macrantha were planted 

at varying depths. Four depths of 1/8, 1/2, 1 and 2 inches were 

used. The results are shown in Table 27. 

Table 27. Emergence of seeds from five representative species 
planted at varying depths in sand (in inches). 

1/8 1/2 1 2 

Convolvulus soldanella All All All None 
Lupinus littoralis All All All None 
Poa macrantha All All All None 
Holcus lanatus All None None None 
Hypocheris radicata All None None None 

Plants from the secondary dunes and plants with smaller 

seeds suffer from deep covering with sand. Annual plants, probably 

for this reason, are not found germinating in the primary dunes. 

They are either blown away or covered too deep. One characteristic 

of the sand dune plants is the large seeds and various methods of veg- 

etational reproduction. This may have considerable influence in sur- 

vival. 

Dune plants with small seeds suffer especially from the haz- 

ards of drought. With only limited stored plant nutrients these 

plants may be unable to extend their roots systems as fast as the 

upper layers of sand dry out. 

. 
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To determine the effect of sand movement when there is a net 

loss of sand, an experiment was set up in the greenhouse. Fourteen 

species of plants were used. These were: 

Primary Stage 

Convolvulus soldanella 
Glehnia leiocarpa 
Abronia latifolia 
Poa macrantha 
Carex macrocephala 

Secondary Stage 

Lupinus litto rali s 
Polygonium paronychia 
Holcus lanatus 
Aira praecox 
Achillea millefolium 
Cerastium arvense 
Senecio sylvaticus 
Epilobium f rans ce s canum 
Plantago major 

Plants which had been established in number 2. 5 cans of sand were 

uncovered by the removal of sand to a depth of one inch and two 

inches. There seemed to be no adverse effect on any established 

plants in any of these treatments, even though roots were exposed to 

the treatment depths. This seemed to indicate that plants of the 

secondary dune areas can withstand uncovering much better than they 

can the covering effect of additions of fresh sand. 

The degree to which the uncovering may effect these plants 

may be considerably different in the sand dune environment where 

wind and sand blasting may be a factor. One particular feature of 

many of the pioneer plants is the ability to withstand uncovering. 

Abronia and Carex are notable in this respect. 
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Figure 3. Abronia showing size of tap roots and amount of 
exposure possible with a still living plant. 
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Figure 4. Exposed rhizome of Carex about 1. 5 feet from sand 
surface. A vegetative, green plant is growing 
approximately in the middle of this rhizome. 
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SUMMARY AND CONCLUSIONS 

The vegetation of the Oregon coast is characterized by a 

variety of stages of plant succession which are repeated widely 

throughout the sand dune area. During the years from 1960 to 1963 

the gradation of upland sand dune succession was studied on 48 plots 

within a 150 mile section of the Oregon coastline. An effort was 

made to describe these various sand dune communities and to relate 

them according to their successional sequence. Both plot and plot- 

less techniques were used to obtain data for frequency, cover, densi- 

ty and dominance. This latter factor was expressed by basal area 

at breast height for the tree species. 

Some of the physical factors of the salt spray community 

were examined such as salt spray tolerance, salt spray as a nutrient 

source, response of plants to low nutrient levels in beach sand, 

moisture and sand movement. Vascular plants were collected and 

identified. 

The results may be summarized as follows: 

Successional stages characteristic of the upland areas of the 

coastal sand dunes may be represented by nine different communities. 

According to the ordination these communities grade from the pri- 

mary, herbaceous plants to the near climax forest tree species. 

In this ordination single values represented stands. The value of the 
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ordination was checked by the manner in which the distribution of the 

individual species is related to the gradient. Some plants were 

uniquely distinct for a given community while other species graded 

from one community to another. The distribution of the plant species 

appeared to confirm the validity of the more objective ordination. 

The response of coastal vegetation to effects of salt spray is 

seen in a pruning effect where plants are subjected to the drier, salt - 

laden northwest winds of summer months. The salt tolerance of 

herbaceous plants on the raw dunes is greater than those plants grow- 

ing in the more sheltered areas along the sides of the more exposed 

dunes. Shrubs and trees are often quite tolerant to the salt spray ex- 

cept for the new vegetative parts of the plant in the spring of the year. 

Various concentrations of sea water were applied to certain 

plants characteristic of the early stages in succession to determine 

the possibility of sea water serving as a nutrient source. Holcus was 

the only species which appeared to show a favorable response to the 

treatments. Among the plants tested, Hypocheris showed the great- 

est reduction in growth, with Convolvulus and Senecio showing a gra- 

dual reduction in growth with increasing concentrations of sea water 

spray. The possibility of sea water as an aid in growth in certain 

plants of the sand dune environment is suggested. 

Plants of Senecio sylvaticus from the coast and from a valley 

location were tested for their response to low nutrient levels when 
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grown in beach sand. Coastal Senecio generally grew better than the 

valley Senecio when six major mineral nutrients were supplied, and 

when these nutrients were eliminated one by one both in beach sand 

and in water cultures. Based on this study there is a suggestion that 

there are two physiological races of Senecio. Such adaptations may 

also exist in other species common to the coastal sand dunes and also 

found on other types of soils in western Oregon. 

Moisture was found to be limiting to plants of the secondary 

vegetation of the sand dunes during the dry summer months, but not 

limiting in the primary vegetation of the dunes. The plants of the 

primary stage generally seem able to endure longer periods of mois- 

ture stress than those of the secondary stage. Certain plants of the 

primary stage in succession have some morphological features which 

suggest certain adaptive advantages with respect to evaporation 

stress. 

In many areas there is little net gain or loss of sand on the 

dune surface during the course of a year. However, large amounts 

of sand are moved and deposited at the ends of the winter dunes. An 

accumulation of sand in a local area causes a swift change in the com- 

position of vegetation. Sites receiving fresh sand on the top of se- 

condary vegetation change rapidly, with only primary plants invading 

or surviving. Sand movement appears critical in seedling germina- 

tion and establishment, with the plants from the secondary stages in 

N- 
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succession showing a more deleterious effect from deep covering of 

seeds than plants from the primary stage. 
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Appendix Table 1. The Beaufort scale as used by the Newport Coast 
Guard Station. 

Description 
Beaufort 

Scale Miles Per Hour 

Calm 0 0 

Light Wind 1 1 -3 

Light Wind 2 4 -7 

Gentle 3 8 -12 

Moderate 4 13 -18 

Fresh 5 19 -24 

Strong 6 25 -31 

Strong 7 32 -38 

Gale 8 39-46 

Gale 9 47-54 

Whole Wind 10 55 -63 

Whole Wind 11 64 -75 

Hurricane 12 Over 75 
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Appendix Table 2. Vascular species included in the study. (Life form designations which follow 

each species are: Ph - phanerophyte; Ch - chamaephyte; H - hemicryptophyte; 
Cr - cryptophyte; Th - therophyte. ) 

Raunkiaer 

Species Common Name Life -form 

PTERIDOPHYTA 
Ophlioglossace ae 

Botrychium silaifolium Presl. Leathery Grape -fern Cr 

Polypodiaceae 
Polystichum munitum (Kaulf. ) Presl. Western Sword -fern Cr 

Struthiopteris spicant (L. ) Weis Deer -fern Cr 

Pteridium aquilinum (L. ) Kuhn. 
var. pubescens Underw. Western Brake -ferm Cr 

Polypodium scouleri Hook. & Grey. Leather -leaf Polypody Cr 

Polypodium vulgare L. 

var. occidentale Hook. Licorice fern Cr 

Equisétaceae 
Equisetum arvense L. Common Horsetail Cr 

SPERMATOPHYTA 
GYMNOSPERMAE 

Pinace ae 
Pinus contorta Loud. Coast Pine Ph 

Picea sitchensis (Bong. ) Carr. Sitka Spruce Ph 

Tsuga heterophylla (Raf. ) Sarg. Western Hemlock Ph 

Pseudotsuga menziesii (Mirab. ) Franco Douglas Fir Ph 

ANGIOSPERMAE 

DICOTYLEDONAE 
Salicaceae 

Salix hookeriana Barr. Coast Willow Ph 

Myricace ae 

Myrica californica C. & S. Western Wax Myrtle Ph 

Betulaceae 
Alnus oregana Nutt. Red Alder Ph 

Polygonaceae 
Rumex maritimus L. var. fueginus (Phil. ) Dusen. Seaside Dock Cr 

Rumex persicarioides L. Golden Dock Cr 

Rumex acetosella L. Red Sorrel Cr 

Polygonium paronychia C. & S. Beach Knotweed Ph 

Nyctaginace ae 
Abronia latifolia Esch. Yellow Abronia Cr 

lllecebraceae 
Cardionema ramosissima (Weinm. ) Nels. & Macbr. Sand Mat Ph 

Portulacaceae 
Montia sibirica (L. ) How. Western Spring Beauty Th 

Montia spathulata (Dougl. ) How. Pale Montia 
Montia perfoliata (Donn. ) How. var. depressa (Grey) 

Jeps. Miner's Lettuce Th 

C aryophyll ace ae 
Cerastium arvense L. Field Chickweed Th 

Cerastium holosteoides Fries. Common Mouse -ear Th 
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Cerastium glomeratum Thuill. Sticky Mouse -ear Th 

Berberidaceae 
Berberis piperiana (Abr. ) Peck Piper's Barberry Ph 

Cruciferae 
Cakile edentula (Bigel. ) Hook. var. californica (Hel. ) 

Fern. American Sea Rocket H 

Rosace ae 

Potentilla anserina L. var. concolor Hayne Silver weed H 

Fragaria chilensis (L.) Duch. Coast Strawberry H 

Rosa pisocarpa Gray Clustered Wild Rose Ph 

Rubus spectabilis Pursh. Salmon Berry Ph 

Rubus parviflorus Nutt. Thimbleberry Ph 

Rubus macropetalus C. & S. Wild Black Berry Ph 

Pyrus fusca Raf. Wild Carb Apple Ph 

Leguminosae 
Cytisus scoparius (L. ) Link Scotch Broom Ph 

Lupinus littoralis Dougl. Seashore Lupine Cr 

Trifolium repens L. White Clover H 

Trifolium dubium Sibth. Least Hop Clover Cr 

Trifolium pratense L. Red Clover H 

Trifolium willdenovii Spreng. Spring Bank Clover Cr 

Lotus crassifolius (Benth.) Greene Thick -leaved Lotus Cr 

Lotus micranthus Benth. Small- flowered Lotus Cr 

Lathryus japonicus Wi11d.. var... glaber (Ser.) Fern. Beach Pea H 

Lathryus littoralis (Nutt.) Endl. Gray Beach Pea H 

Rhamnace ae 

Rhamnus purshiana DC. Cascara Ph 

Onagrace ae 

Epilobium franciscanum Barb. Pacific Willow -Herb H 

Umbelliferae 
Sanicula arctopoides H. & A. Beach Snake -root H 

Oenanthe sarmentosa Presl. Water Parsley Cr 

Glehnia leiocarpa Math. Beach Silver -top Cr 

Angelica hendersonii C. & R . Sea -cost Angelica Cr 

Cornaceae 
Cornus canadensis L. Dwarf dogwood Cr 

Garryaceae 
Garrya elliptica Dougl. Silk Tassel Bush Ph 

Eric ace ae 

Hemitomes congestum Grey Hemitomes Cr 

Ledum columbianum Piper Pacific Labrador Tea Ph 

Rhododendron macrophyllum G. Don. Western Rhododendron Ph 

Gaultheria shallon Pursh. Salal Ph 

Arctostaphylos uva -ursi (L. ) Spreng. Kinnikinnick Ch 

Arctostaphylos columbiana Piper Bristly Manzanita Ph 

Vaccinium ovatum Pursh. Shot Huckleberry Ph 

Vaccinium parvifolium J. E. Sm. Red Huckleberry Ph 

- 



Species 

Plumb aginace ae 

Armeria maritima (Mill. ) Willd. var. purpurea 
(Koch) Lawr. 

Primulace ae 

Trientalis latifolia Hook. 
Gentianaceae 

Centaurium umbellatum Gilib. 
Convolvulaceae 

Convolvulus soldanella L. 

Polemoni ace ae 

Cilia multicaulis Beath.. var. millifoliata (F. & M. ) 

Mason 
Labiatae 

Prunella vulgaris L. 

Scrophulariace ae 

Castilleja litoralis Penn. 
Plantaginace ae 

Plantago major L. . 

Plantago lanceolata L. 

Caprifoliace ae 

Lonicera involucrata (Rich.) Banks 

Compositeae 
Solidago spathulata DC. 

Solidago canadensis L. var. elongata (Nutt.) Peck 

Erigeron glaucus Kerr. 
Baccharis pilularis DC. 

Gnaphalium purpureum L. 

Anaphalis margaritacea (L. ) B. &. H. 

Franseria chamissonis Less. 

Achillea millefolium L. 

Tanacetum camphoratum Less. 

Erechtites prenanthoides DC. 

Senecio vulgaris L. 

Senecio sylvaticus L. 

Cirsium brevistylum Cron. 
Hypocheris radicata L. 

Sonchus oleraceus L. 

Agoseris apargioides (Less.) Greene 
Hieracium albertinum Farr. 

MONOCOTYLEDONAE 

Gramine ae 
Festuca myuros L. 

Festuca elatior L. var. arundinacea (Schrad. ) Weinm. 
Festuca rubra L. 

Poa confinis Vas. 
Poa macrantha Vas. 
Aira caryophyllea L. 

Raunkiaer 
Common Name Life -form 

Thrift Cr 

Broad -leaved Star -flower H 

Centaury Th 

Coast Morning -glory Cr 

Seaside Gilia 

Heal -all 

Pacific Paintbrush 

Common Plantain 
English Plantain 

Black Twinberry 

Sticky Goldenrod 
Narrow Goldenrod 
Seaside Erigeron 
Chaparral Broom 
Purple Cudweed 
Pearly Everlasting 
Silver Beach -weed 
Yarrow 
Western Tansy 
Australian Fireweed 
Common Groundsel 
Wood Groundsel 
Indian Thistle 
Hairy Cat's -ear 
Annual Sow -thistle 
Seaside Agoseris 
Western Hawkweed 

Rat -tail Fescue 
Meadow Fescue 
Red Fescue 
Dune Bluegrass 
Seashore Bluegrass 
Silvery Hair -grass 

Cr 

Cr 

Cr 

H 

H 

Ph 

Cr 
Cr 
H 

Ph 
Ph 

Cr 
Cr 
H 

H 

Th 
Th 
Th 
H 
H 

H 

H 

H 

Th 
H 

H 

H 

H 
Th 
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Species Common Name 
Raunkiaer 
Life -form 
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Aira praecox L. 

Holcus lanatus L. 

Calamagrostis nutkaensis (Presi. ) Steud. 

Ammophila arenaria (L.) Link 

Anthoxanthum odoratum L. 

Cyperace ae 

Carex macrocephala Willd. 
Juncaceae 

Luzula multiflora (Retz.) Lej. 

Lili ace ae 
Lilium columbianum Hanson 
Maianthemum bifolium DC.var. kámschaticum 

(Gmel.) Jepson 

Iridaceae 
Iris tenax Dougl. 
Sisyrinchium californicum (Ker.-) Dryland 

Orchidace ae 

Habenaria michaelii Greene 

Spiranthes romanzoffiana Cham. 

Little Hair -grass Th 
Velvet Grass H 

Pacific Reedgrass H 

Beach Grass H 

-Sweet Vernal Grass H 

Large- headed Sedge Cr 

Common Wood -rush H 

Columbia Lily Cr 
.. 

False Lily of the Valley 

Oregon Iris 

Golden -eyed Grass 

Dense- Flowered Rein 
Orchid 

Hooded Ladies' Tresses 

Cr 

Cr 
Cr 

Cr 
Cr 


