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PREFACE 

I t  was jus t  twenty years ago, 
in the sumner of 1963, tha t  I began 
my study of the Pacific Northwest 
coastal sand dunes. A t  that  time 
ecological awareness was jus t  begin- 
ning t o  creep into the national 
social consciousness. In the years 
that followed, wet1 ands and shore- 
l ines  becane the focus of widespread 
interest  and  concern. Coasts1 sand 
dunes shared i n  t h i s  focus from a 
number of perspectives. The sand 
dunes became i ncreasingly valuable 
as real es tate  and as  playfields for 
motorized recreation. They were 
also seen as great natural labora- 
tor ies  where biological and geologi - 
cal processes could be observed in 
accelerated action. 

To be able to  deal with these 
conflicting in teres ts  in something 
as complex as a natural ecosystem, 
responsible pub1 ic  agencies need as 
much information as possible. This 
i s  one of the main purposes of the 
cornunity profile ser ies  of which 
th i s  publication i s  a part. In p u t -  
ting together t h i s  profi le ,  I have 
drawn on r;~t many years experience 
with the sand dunes of the Pacific 
Northk~est. I have also t r ied  to  
locate as much of the great amount 
of published and unpublished mater- 
i a l  on the dunes as possible. 

I have organized what I know 
and what I have le8rned fron other 
sources into six chapters. The 
f i r s l  g i  ves general backaround i n -  
fornation and an overview of the 
area under consideration: the 

Pacific coast from Cape Flattery,  
I.lashington, t o  Cape Flendocino, Cali - 
fornia. In the second I have surn- 
marized the envi ronmental set t ing,  
enphasi z i  ng those factors i nvol ved 
in shaping the dune landscape. The 
third chapter i s  an attempt a t  a 
c lassif icat ion system for  dune 
forms, a subject of great in te res t  
t o  those studying inland dunes, b u t  
not yet applied to  coastal dunes. 
The history of the dune processes of 
t h i s  area and the possible future 
course of events i s  the subject of 
the fourth chapter. In the f i f t h  
chapter I have p u t  down ny present 
notions about the plant camunities 
of the dunes. The resu l t  of an on- 
going, subjective classif icat ion 
process based on much looking and 
thinking, i t  i s  not l ikely tha t  the 
1 i s t  of comuni t i e s  contained herein 
will remain stable. This does not 
detract from the i r  present useful - 
ness, however, since the sh i f t s  in  
view and thought are l ikely to be 
subtle and slow. This chapter a lso 
surnnarizes the wildlife habitats of 
the dunes and briefly characterizes 
each one. The l a s t  part of the 
sixth chapter on human impact enpha- 
s izes  nan~genent problems--the major 
concerns in looking a t  the dunes 
from the viewpoint of both the b i a l -  
ogi s t  and the manager. 

The appendices include a com- 
plete l i s t  of the dune areas (loca7- 
i t i c s )  in the cnsstal region defined 
above, as we11 as l i s t s  of charac- 
t e r i s t i c  plants and aniaals. For 
these l a t t e r  l i s t s  f have t r ied  t o  



avo id  making a  l i s t  f o r  the sake o f  
l i s t i n g .  I have inc luded on ly  those 
p l a n t s  and animals t h a t  have actu-  
a l l y  been observed i n  t he  p l a n t  com- 
mun i t ies  and h a b i t a t s  o f  the dunes. 
For  those who would l i k e  t o  take a  
d e t a i l e d  look  a t  t he  dunes, I have 
inc luded i n  t h e  appendix d e t a i l e d  
desc r ip t i ons  o f  two very d i f f e r e n t  
dune systems t h a t  I know very we l l .  
V i s i t i n g  them would be a rewarding 
experience. 

Cred i ts  f o r  maps, d i  ?grams, 
photographs, and t a b l e s  t h a t  a r e  n o t  
ny own are  g i ven  i n  parenthesis  a t  
the  end o f  t h e  f i g u r e  and t a b l e  cap- 
t ions .  For each photograph I have 
inc luded l o c a l i t y  i n fo rma t ion  and 
the  date i t  was taken. 

ThSs d e s c r i p t i o n  o f  the P a c i f i c  
Northwest coas ta l  dunes i s  by no 
means complete. I n  l o o k i n g  a t  sone- 

t h i n g  as complex as a  sand dune eco- 
Sys tm,  every b i  t o f  data f i t t e d  i n t o  
the  t o t a l  known p i c t u r e  s h i f t s  
the  perspect ive and the  i n t e r p r e t a -  
t i o n .  I t  i s  ny hope t h a t  t h i s  com- 
muni ty  p r o f i l e  w i l l  s t a r t  o r  add t o  
t h a t  experience f o r  anyone i n t e r e s t e d  
i n  t h e  coasta l  sand dunes. 

A.M. Wiedenann 
30 September 1983 

Comments on o r  requests f o r  t h i s  
p u b l i c a t i o n  should be addressed t o :  

In fo rmat ion  Transfer  S p e c i a l i s t  
Nat ional  Coastal Ecosystems Team 
U.S. F i s h  and W i l d l i f e  Serv ice 
NASA-Sl i d e l l  Computer Gonpl ex 
101 0 Gause Boulevard 
S1 i d e l l  LA 70458 
(504) 255-651 1 ; FTS 685-651 1  
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CHAPTER ONE 

Sand dunes--the very words 
conjure u p  images of vas t  seas of 
sh i f t ing  sand barren of p lan t s  and 
hos t i l e  to  human habi ta t ion.  Hot, 
dry winds shape and arrange the sand 
in geometric and a r t i s t i c  pat terns  
described by words such as barchan, 
t ransverse ,  s t a r ,  blowout, dome, 
s t r i nge r ,  sei  f ,  sheet ,  oblique, and 
parabol ic .  

There are  many areas i n  the 
world where sand dunes a r e  a domi- 
nant fea tu re  of the landscape. Many 
of these  areas a re  very large:  the  
extremely dry i n t e r i o r  dese r t s  of 
the continental land masses such as 
the  Sahara in  Africa and the  Victoria 
Desert i n  Aust ra l ia .  Even more 
numerous a r e  the  small e r ,  re1 a t i  vcly 
narrow s t r i p s  of sand along the  
shores of oceans and large  lakes.  

The c l imat ic  conditions of t h e  
sand aune areas of the world range 
from t ropical  t o  a r c t i c .  Preci p i  t a -  
t ion a l so  varies widely. The 
coastal dunes of Chile and Peru i n  
South Arnerica receive no ra in ,  while 
those along the west coast of Japan 
receive as much as 2,00Q mm a year.  
Except i n  hot cl imates w i t h  
extremely low r a i n f a l l ,  the aune 
landscape i s  not bare of vegetat ion.  
T h e  cold, dry Taklamakan Uesert i n  
northeast  China, the  l a rge s t  sand 
dune area i n  the world, has a 
sparse b u t  noticeable cover of 
small sklrgbs. T h e  grourid hetween 
the ac t ively  moving .dune c r e s t s  o f  
the Sinpson Desert i n  Aust ra l ia  i s  

well covered by grasses and shrubs. 
Mature, productive fo r e s t s  cover the  
extensive coastal dunes on the Bay 
of Biscay i n  France. 

Because of t h e i r  unique charac- 
t e r i s t i c s ,  dune areas  have drawn the  
a t t en t ion  of many k i n d s  of people. 
Geologists a r e  in teres ted i n  the 
sources of the sand and the processes 
involved in dune formation and 
movement. Zoologists and bo tan i s t s  
study the  adaptat ions of animals and 
p lan t s  to  conditions t h a t  make the  
exis tence  o f  l i f e  d i f f i c u l t .  
Engineers seek ways to  control the  
ac t ive  sh i f t i ng  sands, Ar t i s t s  
attempt to  record and i n t e rp r e t  
pa t t e rns  and moods. People of many 
backgrounds a re  drawn by the  raw, 
wild beauty of the dunes to see,  and 
t o  f e e l ,  the  forces  of nature a t  
work. 

I n  many pa r t s  of the world 
coastal dune areas also a t t r a c t  
numan populations because of the 
proximity of the dunes to  the  ocean 
and the  ease of es tahl  i shing habi t a -  
t ion on thm. T h i s  i s  especia l ly  
t r u e  i n  Europe. There is  an exten- 
s ive  l i t e r a t u r e  dating back to the  
35th century an the descript ion,  
use, and managerrlent of coas ta9 
aunes. The l i t e r a t u r e  of the l a s t  
75 y rs  reveals  in tensive  research on 
a11 aspects  of European dune ecology 
arid geography. 

Coastal sand dunes occur alocg 
both the  Atlantic and Pacif ic  



coasts of North America. Those 
along the Atlantic coast are mostly 
broad, 1 ow, sandy p1 ains wi t h  gener- 
a l ly  s l ight  r e l i e f .  The wind 
regimes are not very conducive to 
massive sand movement and accumula- 
t ion, so that large, moving sand 
dunes are not frequently encountered. 
I t  i s  along the Pacific coast, and 
more especially the northern half of 
the Pacific coast, that  the truly 
spectacular dune areas are found. 
Because of a fortuitous combination 
of geologic and climatic factors ,  no 
other dune area i n  North America 
offers  such a range of dune forms 
and 1 andscapes . Massi ve moving 
dunes of the k i n d  character is t ic  of 
the great in te r ior  deserts are found 
along w i t h  dunes tha t  are  the r e su l t  
of sand and wind  interacting with 
vegetation. The forests ,  meadows, 
marshes, and lakes of these dunes 
are the habitats of great numbers of 
animals and plants. 

The unique dune landscape of 
the Paci f i c  Northwest coast has fel t 
the impact of human ac t iv i ty  only i n  
comparatively recent times. Aborig- 
inal people used the dunes as a 
means of moving up  and down the 
coast, and may have had settlements 
on sow, especially on bays and 
estuaries.  The f i r s t  Europeans to 
reach the coast were at t racted to  
the dune areas as places to  estab- 
l i sh  farms and towns. In California 
this occurred in the early 19th 
century. In Washington and Oregan 
i t  was not until the 1850's that  
settlement became extensive. Towns 
developed mostly on r ivers ,  bays, 
and estuaries .  Agricul t u ~ e  was 
taken up on the extensive grasslands 
of some of the dune areas. There 
was same mining of the dune sands, 
especially i n  southern Oregon and 
northern California. A few parks 
were established, and rather exten- 
s i  ve areas i n  some places came under 
the ownership of public agencies 
such as the U.S. Forest Service and 

the Bureau of Land Management. 
Access to the coast was limited and 
d i f f i cu l t .  The coast highway in 
Oregon was not bu i l t  until the 
1930's. The A1 sea River bridge was 
completed i n  1934; the Siuslaw River 
bridqe, in 1936. The m o u t h  o f  the 
Col umbia River was not bridged unti 1 
1966. 

I t  was not until a f t e r  World 
War 11, the middle of the 20th 
century, tha t  the coastal dunes came 
to  be seen as a major recreational 
and real es tate  resource. Increased 
incomes and accessi b i 1 i ty to  motor- 
ized transport both played an 
important role i n  th i s .  Privately 
owned dune areas began to undergo 
c o m r c i a l  development, primarily 
fo r  vacation home communities, but  
also for  the expansion of existing 
communi t i e s  . The abundant water 
resources of the dunes were ex- 
pl oi ted. Exten si ve a r t i  f i c i  a1 
s tab i l  i zation programs were i n i  t i  - 
ated to keep sand from f i l l i n g  
r ivers  and lakes and from covering 
buildings and roads. Large areas 
were a1 so planted to provide wild-  
l i f e  habitat. Recreational use 
increased dramatically, mostly by 
"off-road vehicle" enthusiasts. 

This increased commercial and 
recreational use poses problems and 
concerns. The problems are  re1 ated 
to  ckvel opmen t and con struc t i  on : 
s i t i ng  hazards, erosion, drainage, 
waste disposal, and aesthetics.  The 
concerns deal w i t h  the rational use 
of a 1 i m i  ted land resource, w i t h  the 
conservation of plants and animals, 
and with maintaining the natural 
beauty of the landscape. The coast 
became the focus of planners. 
Caas ta l  zone management p I ans were 
mandated, Local zoni ng  ordinances 
spelled out i n  detail what could and 
could not be done on beaches and 
dunes. An attempt was begun i n  the 
l a t e  1950" to se t  aside a large 
dune area as a Natjanal Seashore, 



but t h i s  f a i l ed .  

Sc ien t i f i c  and technical in- 
formation about the dune areas ilas 
been l imited in scope and amount. 
The most comprehensive works a r e  
those o f  Cooper (1958, 1967) on the 
yeomorphology of the- Wadlington, 
Oregon, and Cal i  f  orni a dunes ; ana 
Wiedernann (1966) on the  plant  ecology 
of the Oregon dunes. Johnson (1963) 
and Parker (1974) provide informa- 
tion on the dunes of northern 
Cal i fornia .  Kurnler (1963, i963) ,  
Pinto e t  a].  (1972),  and USDA-SCS 
(1975) T r e T t h e r  sources of informa- 
tion on the dunes. Many documents 
have been published t h a t  r e l a t e  t o  
speci f ic  s i  t ua t i  ons o r  t o  planning 
and management concerns. lvlorgan 
(1980) and Fowler (1979) yeview t h i s  
l i t e ra tu re .  

PACIFIC NORTHWEST COASTAL SAbD DUNES 

The coastal sand dunes des- 
cribed i n  t h i s  repor t  l i e  on the 
northwest Pacif ic coast  of the 
Uni ted S ta tes ,  between the S t r a i t s  
of Juan de Fuca (49"N) on the 
north d n d  Cape I'lendocino (40°N) on 
the south (Figure 1). This i s  
the U.S. Northwest Pacif ic Coast 
Region ( H  - level  I )  of the U.S. 
Fish and Wild1 i f e  Se rv i ce s ' s  physical 
regional i  za t i  on of coastal ecosys terns 
of the United Sta tes  and i t s  t e r r i -  
t o r i e s  (Ter re l l  1979; Proctor e t  a l .  
1980). Dune systems occur primarny 
on the Paci f ic  Northwest subdivision 
of the region ( H I  - Level 1 1 ) ,  b u t  
some a re  included in the  Lolumbia 
River Estuary subdivision ( t i2  - 
Level I1 ) . 

The region includes about 950 krn 
o f  coastl  ine: 264 km i n  Washing- 
ton, 500 krn in Oregon, and 186 km in 
California.  This s t r e t ch  of coast  
has considerable geomorpkic diver- 
s i t y :  xean - f ron t  mount3i1-1 nasseq, 
high ter races ,  bays and t h e i r  asso- 
ciated s p i t s ,  low ter races  w i t h  sand 

masses, and promontories a r e  a11 
prominent fea tures .  The trend of 
the  coast  i s  s l i gh t l y  west of south 
from the  Columbia River t o  Cape 
Blanco in Oregon ( 4 3 " ~ ) .  North of 
the  Columbia River the trend i s  
almost exactly south. South of Cape 
Blanco the trend i s  south-southeast.  

Sand dunes a r e  found along 82 km 
of coas t l ine  in Washington, 225 km 
in Oregon, and 92 km i n  Ca l i fo rn ia ,  
a t o t a l  o f  399 km, o r  42% of the  
t o t a l  coast l  ine.  These sand dunes 
have formed since the l a s t  P le i s to -  
cene glacia t ion (discussed i n  
chapters 2 and 4 ) .  Their landward 
boundary is  defined by an ac t i ve  o r  
stab1 i 1 ized r idge of unconsolidated 
sand which may have an inc ip ien t  
soi l  p ro f i l e ,  but which does not 
show the red color of advanced 
ct-~errlical weathering cha rac t e r i s t i c  
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F igu re  I, The location of the  
Paci f i c  Northwest Coastal Regi on. 



of older sand deposits in this 
area. These older deposits are the 
resu l t  of ea r l i e r  cycles of glacia- 
t ion and  can be seen in highway 
cuts inland from the present dune 
ac t iv i ty .  Although the current 
( post-PI eistocene) dunes advanced 
inland as f a r  as 4 km in a few 
places, the inner margins more 
generally l i e  1 to  2 km from the 
shore. In many cases, re1 atively 
narrow sand sp i t s  define the dune 
areas. 

Ttte sand dunes between Cape 
Flattery and Cape Mendocino occur 
both as small, isolated areas asso- 
ciated with bay and r iver  rrlouths and 
as extensive areas on broad, sea-cut 
terraces. Cooper ( 1958, 1967) iden- 
t i f i e d  33 " loca l i t ies" ,  some of 
which are  d i s t inc t  units, others 
parts of more extensive units sub- 
divided on the basis of physiography. 
Cooper's 1 ocal i ty names and numbers 
are  retained except tha t  h i s  Cali- 
fornia Localities 1, 2 ,  and 3 become 
Localit ies 31, 32, and 33 i n  t h i s  
report. Figure 2 shows the major 
physiographic features and dune 
loca l i t i e s  of the Pacific Northwest 
coast. A l i s t  of the dune local i -  
t i e s  with locations and descriptive 
de ta i l s  is included in Appendix I. 

Between Cape F1 a t te ry  and 
Copalis Head in Mastlington, the 
niountain masses come r ight  to the 
sea, and there i s  no receptive shore 
on which sand can accumulate. 
Localities 1 to 4 are  a l l  associated 
with the Colmbia River. Parts of 
each of these form sp i t s  or penin- 
suf as across Grays Harbor, Mil lapa 
Bay, and the Columbia River estuary. 

From Tillamook Head to  Heceta 
Head on the northern Oregon coast, 
the dunes a re  a l l  associated w i t h  
r ivers  or  bays (Localit ies 5 to 
18 1. The largest  areas (Local i t ies  
9 and 10) l i e  between Cape Lookout, 
a promontory extending 3 km out to  

sea, and the massive Cascade Head. 
Relatively large dune areas are also 
found a t  the mouths of the Nehalem 
(Local i t y  5 ) ,  Yaquina (Local i ty 15) ,  
and Alsea (Locality 16) Rivers. 
Dunes a t  the out lets  of creeks and 
small r ivers ,  and bay sp i t s ,  make up 
the r e s t  of the loca l i t i e s .  

Sand dunes extend from Heceta 
Head south 86 km to Coos Bay (Cape 
krago) in a continuous sheet broken 
only by the out lets  of three major 
r ivers  ( the  Siuslaw, Umpqua, and 
Coos Rivers) and a few smaller 
streams. Popularly ca l l  ed the "Coos 
Bay Dune Sheet", the area i s  sub- 
divided into f ive  loca l i t i e s  (39  to 
23) of more or  less  uniform size.  
The boundaries are  marked by Heceta 
Head, the Siuslaw River, Sil tcoos 
River, the Umpqua River, Tenmile 
Creek, and the Coos River. T h i s  i s  
the most spectacular of the dune 
areas along the coast, and the most 
vis i ted.  

The dunes north and south of 
the Goquille r iver  (Local i t ies  24 to 
26) extend a total  distance of 23 km 
along the shore. In breadth, height, 
and mass, however, they are much 
less  impressive than the Coos Bay 
dunes to the north. From Cape 
Blanco to the California border, the 
dune areas (Localit ies 27 to  30) are 
al l  small and associated with small 
r ivers  and creeks. In California, 
dunes occur only on sections of the 
coast that  trend west of south. 
This i s  very apparent a t  Localities 
31 and 33.  

A t  Crescent City (Locality 31) 
there i s  a very large, b u t  low-lying 
dune area. The dunes a t  B i g  Lagoon 
(Locality 32) are mostly a very 
long, narrow s t r i p  of sand s p i t  and 
bay bar across a ser ies  of large 
bays Jus t  north of Patr ick 's  Point. 
A t  Humboldt Bay (Locality 331, the 
dunes again a re  primarily long, 
narrow bay sp i t s .  





Towns and c i t i e s  a r e  located 
along the enti  r e  length of the coast ,  
b u t  few a r e  very large .  The 1 argest  
population centers a re  Astoria,  
Oregon (10,2441, in the north; Coos 
Bay-North Bend, Oregon (22,0191, i n  
the  center ;  and Eureka-Arcata, Cali- 
fornia  (33,222) in the  south. All 
of the other  towns, with one excep- 
t ion ,  have populations of l e s s  than 
5,000. Forest products, marine 
f i she r i e s ,  tourism, and l imited 
agricul l u r e  a r e  the basic industr ies  
of the larger  towns. The smaller 
towns re ly  mostly on tourism. 

The e n t i r e  coast i s  traversed 
by a major Federal highway, U.S. 
101, i ts  route usually within a few 
ki l  ometers of the shore. Frequently 
the ocean i s  in view. Drawn by 
spectacul a r  scenic views, deep-sea 
f ishing,  and an excel lent  system of 
county, State,  and Federal camp- 
grounds, t o u r i s t s  come to  the area 
in great  numbers during the summr 
season from June to  August. Because 
of l imited public t ranspor t  to  t he  
coastal  region, most come by automo- 
b i l e .  

In formt ion  avai lable  to the 
publ ic  about the natural h is tory  of 
t h e  coasta l  region and the dunes i s  
extremely l imi ted. Yocum and Dasmann 
(1965) provide an introduction to  
t h e  Pac i f ic  coastal wi ' l  d l i f e  region. 
Horn (1980) and Munz (1964) describe 
Pac i f i c  coast  wildflowers. Becking's 
(1982) i l l u s t r a t e d  f l o r a  of the red- 
wood f o r e s t s  includes common coas ta1 
p lan t  speci es of southern Oregon and 
northern California.  Wiedemann e t  
a1 . (1969) b r i e f l y  describe the dune 
E r m s  and provide an iden t i f i ca t ion  
key t o  the most common Oregon sand 
dune plants .  

This communi ty  profi l  e repre- 
sents  an i n i t i a l  attempt a t  provid- 
ing an overall  p ic ture  of the  Pacific 
Northwest coastal  dunes. In addi t i  on 
t o  a descr ip t i  on of the  env i ronment, 
dune forms and systems, dune pro- 
cesses ,  f l o r a  and fauna, and human 
impacts, i t  includes guides to re le -  
vant f i e ld  s i t e s  (Appendix 11). 
These s i t e s  were chosen t o  permit 
t h e  observation of as  many dune 
f ea tu r e s  as possible with a minimum 
af t ravel  and searching. 



CHAPTER 2 

ENVIRONMENT 

The coasta l  sand dune landscape 
i s  the  product  o f  geologic events 
t h a t  have occurred i n  the past  and 
cont inue t o  the present,  o f  wind and 
water movement, of sediment supply, 
and o f  the e f f e c t s  of vegetat ion.  
Other forces are a t  work also, such 
as s o i l  f o m t i o n ,  f i r e ,  and hulnan 
a c t i v i t y ,  b u t  these tend' t o  modify 
t he  landscape r a t h e r  than create i t s  
basic  form. 

The geologic h i s t o r y  o f  the 
Paci f i c  Northwest Coastal Region i s  
complex. Three geologic provinces 
a r e  inc luded:  the  Olympic Mountai n r  
t o  the nor th,  the  Coast Ranges from 
cen t ra l  Washington t o  southern 
Oregon, and the Klamath Mountains i n  
southern Oregon and nor thern  Cat i - 
f o r n i a .  Only b r i e f  accounts of the 
h i s t o r y  o f  these areas w i l l  be 
i n c l  uaed here. More extensi  ve t r e a t -  
ments can be found i n  F l i n t  (19711, 
Emery and Plil 1 iman (1968),  Frank1 i n  
and Uyrness (19731, Proc tor  e t  - a l .  
(19801, and Cooper ( 1958, 1 9 6 7 r  

The Olympic Mountains are  made 
up o f  two volcanic b e l t s  which 
e n c i r c l e  a l a rge  i n t e r i o r  area con- 
t a i n i  ng sedimentary rocks. The 
outer  b e l t  was formed i n  the  Eocene, 
wb i le  the inner  was deposited l a t e  
i n  the  Mesozoic, 100 mya ( m i l l i o n  
years ago). These mountains r i s e  t o  
3500 m artci r i e t  "Lhe: sea i n  spectac- 
u la r ,  e ros ion- resrs tan t  sea c l i f f s  
which have not p e m i t t e d  f o m t i o n  

of the broad beaches and te r races  
necessary f o r  the devel opmen t o f  
sand dunes. 

The Coast Ranges extend from 
the Wi l lapa H i l l s  s f  Washington 
south t o  the Klamath Mountains i n  
southern Oregon. They are charac- 
t e r i z e d  by T e r t i a r y  and Pleistocene 
sedimentary deposi t ions and igneous 
i n t r u s i o n s .  The sedimentary forma- 
t i o n s  had t h e i r  o r i g i n  i n  the e a r l y  
Eocene, 53 rnya, when a eugeosyn- 
c l i n e '  occupied the  area frm the 
Klamath Mountains (42"N) nor th  t o  
Vancouver I s l a n d  and eas t  t o  the 
present day Cascade Mountains ( about 
150 km in land ) ,  

The i n i t i a l  deposi ts  were 
volcanic i n  o r i g i n ,  bu t  by middle 
Eocene, 45 mya, u p l i f t  a c t i v i t y  ta 
the south and subsequent eros ion 
con t r i bu ted  a rkas i c  ( f e ldspa r  and 
quar tz )  sands as marine deposi ts  f o r  
a considerable d is tance northward. 
Volcanic a c t i v i t y  p e r s i s t e d  through- 
out  the Eocene so t h a t  igneous 
m a t e r i a l s  are f requen t l y  in&&edded 
w i t h  the  sedimentary layers.  By 
l a t e  Eocene, 37 nlya, Wffaceous 
( vo l can i c  o r i g i n )  s i l t s  and c lays  
began t o  be deposi ted by the streams 

 he seaward part; 04: a, geosyn- 
c l i ne ,  which  i s  a f i n e a r  downwar i n  6 the edr th  ' S  c r u s t  mare than 700 km 
l ong  w i t h  t h i c k  accumulations o f  
sedi mentr; . 



and r ivers  flowing from the surround- 
ing high1 ands. The depos i t i  on 
con t i  nued and increased considerably 
during the Oligocene and into the 
Miocene, 37 to 16 mya, when arkosic 
sands and si1 t s  were a1 so la id  down 
in great amounts. 

During middle Miocene , vigorous 
volcanic ac t iv i ty  formed many of the 
basal t i c  intrusi  ons and head1 ands 
which remain today as erosional 
remnants. Toward the end of the 
Miocene, 7 mya, u p l i f t  began which 
was t o  form the Coast Range. This 
up l i f t  reached i t s  maximum height 
during the Pliocene, 7-2 mya, when 
peneplanation (erosional lowering 
and leveling) began. The erosion of 
the thick sedimentary beds was 
rapid, resulting in today's low,  
rounded mountains reaching a t  most 
500 m elevation. The easily eroded 
rock a1 so permitted the developmen t 
of the extensive wave-cut terraces 
on which the present sand dunes have 
devel oped. 

The Klamath Mountains a re  old 
and geologically complex. Thei r 
history begins in the Paleozoic, 500 
mya, with the deposition of volcanic 
and sedimntary rocks. Metamorpho- 
s i s  and folding were followed by 
additional deposi tion in the 
Triassic,  200 mya. Extensive meta- 
morphism fof lowed. During the 
Jurassic,  250 mya, more sediments 
were deposited, and these were 
subsequently intruded by ul  tramaf i c  
( r ich  i n  iron w i t h  l i t t l e  feldspar) 
and granitic volcanic rock. In the 
early Cretaceous, 138 mya, addi t i  anal 
deposi ti on of sediments, fol lowed by 
folding and deformation i n  the 
middle Cretaceous, occurred. Exten- 
sive peneplanation occurred i n  the 
Miocene and Pliocene, 26 to 2 my&, 
resul tirrg i n  the presmt  day ape- 
graphy. Because o f  the erosion- 
res i s tan t  rock, the development a f  
terraces sui tab1 e for  the devel op- 
ment o f  sand dunes has been somewhat 

1 imited, and extensive terraces a re  
found only i n  a few places. 

Sea-7 eve1 changes, the resu l t  
of both land ( tectonic)  and water 
( eus t a t i c )  r i s e  and fa1 1 ,  have played 
a significant role i n  the history of 
t h i s  area. During the l a t e  Pliocene 
and early Pleistocene, 1 mya, there 
occurred a period of extreme submer- 
gence, indicated by wave-cut 
terraces found as high as 450 m 
above present sea level. Subsequent 
upl i f t  lowered the shore l ine  to  
about 90 m below present sea level ,  
and i t  was during t h i s  period tha t  
the rivers and streams cut  t h e i r  
trenches across the con t i  nen t a l  
she1 f .  Resubmrgence then took 
p l  ace again . Attempts to correl a te  
eustat ic  ac t iv i ty  with the many 
terraces found a t  many elevations 
along the coast are complicated by 
the ins tab i l i ty  of the Coast Ranges 
(Russell 1970). 

Eustatic act ivi ty  since l a t e  
Pleistocene i s  associated w i t h  the 
cycles of glaciation of that  period; 
and the l a s t  major lowering of the 
shore l ine ,  to about 140 m be1 ow 
present sea level,  coincides w i t h  
the maximum of the l a s t ,  or 
Wisconsin, glaciation (about 18,000 
yrs  ago ). Each cycl i c  resubmergence 
resulted in sand dune ac t iv i ty  i n  
p1 aces where the shore topography 
permitted. Earlier dune areas were 
usually obl i te ra ted  by l a t e r  
act ivi ty .  In some places the 
ea r l i e r  dunes extended far ther  
inland and s t i l l  remain. They are  
usual ly call  ed "PI ei  s tocene dunes" 
and can be distinguished by the i r  
reddish col or and i ron concreti ons 
(Figure 3 ) .  As the glaciers  melted 
a f t e r  the l a s t  (Wisconsin) maximum, 
sea level rose, bringing about the 
l a t e s t  episode of dune act ivi ty .  
This  r i s e  has been Lermed the 
"F1 armdriaro transgressi on" and the 
dunes resul ting the "F1 andri an 
dunes" (Cooper 1967, p. 7) .  



Figure 3. Exposure of Pleistocene 
sand along the  beach a t  Sand Lake, 
Locality 9. This compacted, 
weathered, darker sand serves as 
substratum f o r  the  post-PI e i  stocene 
(Flandrian) dunes. 1965. 

CLIMATE 

The climate of t h i s  coastal 
region i s  marine, and although i t  
appears t o  be remarkably uniform 
throughout, there are  s h i f t s  t h a t  
a r e  re f lec ted  in the dune systems 
and in  the vegetation. Breckon and 
Barbour (19741, using the  unmodified 
Koeppen system, show a s h i f t  in 
climate a t  46"N l a t i t ude .  To the 
north i t  i s  Cfb--mesothermal with no 
dry season, while southward i t  i s  
Csb--Medi terranean with a summer dry 
period2. Tem era ture  and prpcipi- P t a t ion  data o r  three  s t a t i ons  i n  
t he  coastal  region a re  summarized i n  

2 ~ f t e r  Trewartha (1954): C - humid 
mesothermal , co1 dest  month between 
18°C and 0°C; f - no dry season; 
d r i e s t  month over 6 an ppt; s - dry 
period i n  sumer;  b - warmst  month 
be1 ow 22°C. 

Table 1. ~ l t h o u g h  the  differences 
seen s l i g h t ,  t h e  decreased precipi- 
t a t ion  southward is e f f ec t i ve  in  
causing changes i n  the  dune f lo ra .  
Overall,  howver ,  even w i t h  80% of 
the  p r ec ip i t a t i on  occurring in the 
winter months, the  temperature and 
moisture regi mes are  very conduci ve 
to  p lan t  growth. 

The seasonal pattern of temper- 
a tu re  i s  the  r e s u l t  of proximity t o  
the ocean, u ~ h i c h  has a modifying 
e f f e c t  i n  preventing seasonal 
extremes. T h e  preci pi t a t i  on pattern 
r e f l e c t s  the  seasonal s h i f t s  i n  
offshore atmospheric pressure 
systems. In winter ,  t he  Aleutian 
Low* a s e r i e s  of low-pressure cen- 
t e r s  t ha t  passes over the  North 
Pacif ic ,  dominates the weather 
pattern.  These 1 ow-pressure centers  
a re  responsible  f o r  the  frontal  
storms t h a t  mve over the  coast  in  
winter ,  br inging heavy ra ins  and 
strong south to  southwesterly 
winds. In sununer the  North Pacif ic  
High dominates, bringing f a i r  
weather and north-northwes&~rly 
winds. Also, i n  summer the  land-sea 
breeze e f f e c t  contr ibutes  wi nds t ha t  
reach high ve loc i t i e s  in the  
afternoons. 

While t h i s  genera1 pattern 
holds fo r  t he  e n t i r e  coastal region, 
the re  i s  a d e f i n i t e  s h i f t  southward 
i n  the  a l l - y e a r  importance of the  
northerly components., In Washington 
and Oregon, both the  norther1 y winds 
of summer and t h e  southerly winds of 
winter a r e  itnportant in the dune- 
forming process.  In southern Oregon 
and northern California only the 
northerly winds, acting through most 
of the  year ,  a r e  important* This i s  
the r e s u l t  both of the decreased 
frequency of w-i n te r  cyclonic s t o m s  
and a f  t he  change in coastal trend.  
The d i f fe rences  in wind regimes a r e  
i l l u s t r a t e d  i n  Figrare 4 using data 
from two Sta t i ons :  Newport on the 
central  Oregon coast ,  and P t .  Arena, 



Table 1. Average annual , J u l y ,  and January p rec i p i t a t i on  and temperature f o r  
three s ta t ions  on the Pac i f ic  Northwest coast. Note the decrease i n  annual 
p r e c i p i t a t i o n  between North Bend and Eureka. (From Cooper 1958, 1967. ) 

PRECIPITATION 

Annual J u l y  January 

S ta t ion  cm i n  an i n  cm i n  

North Head 147.8 59.10 2.4 0.96 22.0 8.78 
46Oi8'N 

North Bend 160.3 64.13 1.2 8.49 27.3 10.90 
43"25'N 

Eureka 
40 "47 ' N 

Annual - Ju 1 y January Range 

S t a t i  on " C " F "C "F "C " F "C OF 

North Head 10.0 50.0 13.9 57.2 5.6 42.1 8.4 15.1 
46"18'M 

North Bend 10.9 51.9 15.1 59.4 6.7 44.2 8.4 15.2 
43"25 ' N 



in northern California, 2" south of 
Cape Mendocino, but representing the 
general si tua t i  on i n  northern 
California. 

Another factor in the wind 
regime pattern i s  the presence of 
she1 ter ing head1 ands and capes. On 
the north and central Oregon coast 
t h i s  sheltering e f fec t  is seen i n  
the northeasterly trend of almost 

NEWPORT 
LAT 44'38' 

751 
,\ 

,' 
I 

PT ARENA 
' \ LAT 38-56, 

,'I :.,z \ 
568 ( ',3 \ 

\, :* ', 

Figure 4. Wind regimes for  two 
l oca ti ons a1 ong the Paci f i c  Morth- 
west coast, central Oregon (Newport) 
and northern California ( P t .  Arena). 
Numbers re fer  to total  velocity (sum 
of a l l  measured veloci t ies)  for  a 
gi ven compass di rec t i  on. The dotted 
l i n e  ( . . . . . I  shows the trend of the 
coast. The solid l ine (- ) and 
the dashed l ine (----- j re fer  t o  
January and July winds, respectively. 
(Redrawn from Cooper 1967.) 

a l l  of the dune systems north of 
Florence. In these situations the 
northerly summer winds have minimum 
influence, and the southwest winds of 
wi nter  are con si  dered uni d i  rec ti onal 
effect ive winds. I n  other places 
the summer winds are the effect ive 
winds. 

In some si tuat ions the shelter- 
ing ef fec t  does n o t  readily explain 
the u n i  d i  rec t i  onal ef fec t i  ve w i  nd 
(such as the situation just south of 
Heceta Head (Locality 19) where, 
contrary to  what one might expect, 
the effect ive winds  are  the summer 
northwesterl ies ) .  

Clouds and fog are  present 
throughout the year, w i t h  cloudy 
skies occurring on half the days of 
the year. Fog becomes increasingly 
common southward, especially during 
summer, occurring on nearly half the 
days of June through September. 
This phenomenon is limited to the 
immediate coastal strip. Subsidence 
inversions (caused by the compres- 
sion warming of sinking a i r )  t rap 
cooler surface a i r .  The strong 
summer norther1 ies  cause upwel l ing 
of cold water near the coast. T h i s  
cold water cools the marine a i r  just 
above i t ,  causing fogs  (Figure 5).  

Figure 5 ,  The development o f  coast- 
al fogs. Subsiding a i r  over the 
coast produces a persis tent  upger- 
a i r  tmperawre  inversion, trapping 
coal a i r  and fog i n  8 surface layer 
near the shore. (Based on Strahler  
and Strahl e r  1978. f 



These fogs usually d i ss ipa te  l a t e r  
i n  the  day, b u t  may l a s t  f o r  days a t  
a time. 

Rivers, ocean currents and 
waves, and precipi ta t ion are a11 
par t  of the complex hydrological 
system operating in the  dune land- 
scape. Numerous r ivers  and streams 
di scharge sediment-loaded f 1 ows into  
the  ocean (Tab1 e 2 ) .  The gauged 
drainage area of 26 coastal r i ve r s  
i n  the  region t o t a l s  745,823 km' 
of which the  Colipbia River accounts 
f o r  661,838 km o r  89% of the 
to ta l .  The measured mean annual 
ra te  of3 discharge of these r ivers  i s  
9754 m-/sec of which t h k  Columbia 
River ' s  discharge i s  7222 m'/sec 
o r  about 74%. L i t t l e  information i s  
avai lable  on the amount of sediment 
actual ly  carried b y  the r ivers  and 
of t h e i r  iirlportance i n  creat ing and 
maintaining the  present-day dune 
landscape. There can be no doubt 
t ha t  the sediment loads of the 
Columbia River are respon si  bl e for  
the  dune systems of Local i t i e s  1 to 
4. The s i tua t ion  i s  more complex, 
however, along most of the  r e s t  of 
the  coast where the r ivers  are 
small and presumably carry  a much 
smaller t o t a l  sediment load. 

Once discharged into  the  ocean, 
sediments tha t  do not immediately 
s e t t l e  t o  the bottom are  transported 
n o r t h  and south along the  coast .  
The pr inciple  ocean current  pattern 
i s  provided by the  Subarctic Current 
which moves e a s t  across the  Pacific 
Ocean driven by the prevail ing west- 
e r l i e s  (Figure 6 ) .  As i t  approaches 
the northwest coast  of North America 
i t  divides to flow north and south. 
The southern branch becomes the 
California Current, about 150 krn 
wide. I t s  flow in summr, boasted 
by the  northwest winds, i s  about 10 
cm/sec. I n  winter the southward 

flow i s  interrupted by the  northward- 
flowing Davidson Current, moving a t  
25-45 cm/sec. T h i s  current ,  90 km 
in width, flows between the shore 
and the California Current. I t  i s  
thought to be the surface expres- 
sion,  perhaps in response to the 
southerly winds of winter, of the  
northward, year-round, deep-flowing 
California Undercurrent. 

While these currents  a r e  very 
influent ia1 i n  the general rnovetnent 
of sediments along the coast ,  long- 
shore currents  are  probably more 
important a t  the local level and in  
short- term shore1 ine processes. 
Longshore currents operate in the 
surf zone and are  generated by waves 
s t r ik ing  the shore a t  an angle 
(Bascom 1964, p. 218-219). When 
t h i s  happens, pa r t  of the wave's 
energy i s  dissipated as an impulse 
to the water in a d i rect ion para1 l e l  
to the shore. With the breaking of 
many waves, a chain of impulses i s  
s e t  in motion wliich moves sand 
s teadi ly  along the shore (Figure 
7 ) .  In summer the longshore current  
moves southward; i n  winter i t  moves 
northward. Because of the strong 
winter wave ac t i v i t y ,  the  net move- 
ment of sediments by longshore 
currents i s  northward along the 
Oregon and Washington coasts  ( U  .S. 
Army Corps of Engineers 1971). In 
northern California,  however, 
because of the trend of the coast- 
l ine  and the s l igh t ly  d i f f e r en t  wind 
regime, net 1 ongshore movement seems 
to  be toward the south (Cooper 1967, 
p. 17). 

In some places, where there a r e  
shallow offshore sand bars, o r  where 
the waves approach the beach 
paral le l  to the  shoreline trend,  r i p  
currents  are created (Figure 8) .  A 
circula t ion pattern develops i n  
which the longshore currents  wil l  
f70w i n  two direct ions  toward 
troughs or  low points in  the  beach 
prof i l e  which carry the  water o f f -  



Table 2. Mean annual r i v e r  discharge in to  the Pacific Ocean from northern 
Cat i fornia ,  Oregon and Washington ocean drainage basins. Only gauged river 
basins having a mean annual discharge of a t  l e a s t  10 m3/sec a r e  considered. 
(From Proctor e t  al . 1980. ) -- 

Gauged Measured Plean 
Drainage Area -- -- -- Annual D i  scharqe 

km2 
l o G  acre  

Sub-regi on River Basin m i  m3/sec f t / y r  

Washington Queets River basi n 1150 443.8 
coast ,  north Quinaul t River basin 684 264.0 

Hoh River basin 655 252.8 
Qui l layute  River basin 990 382.0 
Dickey River basin 223 86.1 

Wasilrington Chehal is River basin 4700 1813.8 
coast ,  south Humptulips River basin 337 130.0 

North River basin 567 218.8 
Willapa River basin 409 157,8 
Naselle River basin 23 1 89.1 

Col umbi a River basin 661 838 255406.2 

Oregon Mehal em River basin 1730 667.6 
coast ,  north Wil son River basin 41 7 1643.9 

Nestucca River basin 236 91 .1 
Trask River basin 37 6 145.1 

Oregon A1 sea River basin 924 356.6 
coast ,  Sil e t z  River basin 524 202.2 
central  Siuslaw River b a s i n  882 340.4 

Oregon Rogue River basin 12800 4939.6 
coast  , Urnpqua River basin 101 00 3897.6 
south Coqu i l l eR ive rbas in  1960 756,4 

Ca1 i fo rn ia  Smith River basin 1670 644.5 
coast ,  north Klamath River basin 31400 12117.4 

Eel River basin 8950 3453.63 
Mad River b a s i ~  7 260 486.2 
Redwood Creek basin 7 20 277.9 



F i g u r e  6. Ocean currents  alcag the Pacific Northwest coast .  The halocline i s  
a ver t i ca l  zone i n  J l i c h  t h e  s a l i n i t y  changes rapidly,  i n  this  case increasing 
w i t h  d e p t h .  (U.S. Army Corps of Engineers diagram reproduced from USDA-SCS 
1975. )  
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develop eventually into a deep 
embayment i n  the beach. In severe 
storms, large waves break ashore 
over the deeper rip-current embay- 
ment w i t h  l ess  loss of energy. The 
resulting force w i t h  which the waves 
h i t  foredunes or seac l i f f s  can cause 
massive erosion. 

Longshore currents and rip 
currents i n  any one place are  a 
function of wave energy, shore con- 
figuration, and shore1 ine orienta- 
t i  on ( trend).  Their occurrence and 
e f fec t  i s  d i f f i cu l t  to ~ r e d i c t ,  o r ,  
where known, cannot be considered 
s table ,  

Figure 7. Longshore or l i t t o r a l  
currents. The dotted l ines  a t  the While the rivers and wean 
top show the path of sand grains in currents supply the sands tha t  a re  
the i r  movement ( t o  the r igh t )  w i t h  the foundation of the dune land- 
every wave. (Reproduced from Bascom scape, water in the form of precipi- 
1964. ) tation i s  an important agent i n  

shaping tha t  landscape. The high 
r a in fa l l ,  I50 cm or  more a year 
along much of the region's coast, 

/. - A /--+ 
maintains a h i g h  water table that  

? , /  
4f ,.- % ' /' creates lakes and ponds and s table  

4 \ / sand surfaces, and provides condi - 
;.. --- --t-- '% -," - ---- - - -. -:)- - tions favorable for plant growth. - ---__A - -- 
w v e  fronts _) ' r t-' 
opprooching In addition, the dune sands ac t  
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Rosenthal (1982), and others have 
. . .  +-,... . 3;:::. . . . . .  . . . . . . . .  . . . .  . . . . .  . . . . . . shown tha t  the dune aquifers range 
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water 'able is the top of the ground- 
....... ... ;... . .  

% A. ..>:.:. <;_r <> .., ...- ........... .:.. ..... . . . . . . . . . . . .  ,:; berm . j:,::I':-.:-.J;":':':'- ..'"... . . .  water zone, which is bounded t o  the 
. . . . .  eas t  by the basal bedrock of the 

coastal mountains, I t  extends west 
Figure 8. Rip currents a re  created under the ocean, formfng an inter-  
when waves break parallel  t o  the face w i t h  s a l t  wate r  above It i n  a 
shore or on a shallow bar. (Repro- curving lens (Figure 9). Recause of 
duced from Bascm 1964. j the uniform nature o f  these aquifers 
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PRECIPITATION 1 

Figure 9. Cross section through a dune aquifer  showing inferred movement 
of ground water. Note t h a t  S p i r i t  Lake i s  formed by the in tersect ion of 
the dune surface with the water t ab le .  (Reproduced from Robi son 1973).  

(clean sand) ,  most precipi ta t ion 
soaks rapidly i n t o  the  ground w i t h  
minimal loss  t o  evaporation and run- 
off  (no streams or ig ina te  in the 
dune a reas ) .  The ground water 
dra ins  c i t h e r  t o  adjacent lakes and 
s t r e a ~ s  o r  i n t o  the ocean. I t  i s  
estimated t h a t  w i t h  a recharge 
r a t e 3  of 138 crnlyr , some 15,000 
m ' /ha/yr f 200,000 f t  ' fac lyr  1 or 
15,200,000 l  /ha/yr (1,600,@00 
gal /ac /yr)  would be avail able for  
use (Chris tenson and Rosenthal 1982). 

somewhat ac idic  (pH 5.7-6.21, and i n  
some cases, dissolved iron exceeds 
the desired maximum l imi t .  I t  comes 
out of the ground a t  a temperature 
of about 13"C, and is mostly color- 
less and c lea r .  In a few cases i t  
has a l i g h t  brown color from peat  
material buried in the sand. T h i s  
seems t o  be a local condition. A 
number of places along the coast  
(such as the  Clatsop and Florence 
areas)  rely heavily on the  dune 
aquifer  fo r  domestic water supplies.  

The water is  of generally good 
chemical qua1 i t y  (Schl icker and SUBSTRATE 

Deacon 1974). J t  t ends  La be The immediate sources of sedi-  
ments t h a t  ultimately form the  dune 
1 andscape a r e  the  outflow from 

'get irrfi1"ira"tion from 150 to 162 r i ve r s  and the erosion a f  shore 
cm/yr p rec ip i t a t ion ,  the remainder Fs rmt ions  exposed i;o wave a t tack.  
l o s t  to evaporation and surface r u n -  Tile sedimentary formations of t he  
o f f .  Oregon caas t  a re  part icul  a r l y  



suscept ib le  t o  eros ion,  as a r e  the  
exposed p a r t s  o f  the  dune systems 
already i n  existence. 

An ana lys i s  o f  sands from the  
Oregon coasta l  dunes (Twenhofel 
1946) shows t h a t  i n  most samples 99% 
o f  t h e  p a r t i c l e s  a r e  i n  the  0.5 t o  
0.12 mm s ize  range (medium t o  f i n e  
sands), w i t h  80% o f  the g ra ins  a t  o r  
near 0.25 mm (Schl i c k e r  and Deacon 
1974). This  i s  c h a r a c t e r i s t i c  o f  
wind-blown dune sands i n  o the r  p a r t s  
o f  t he  wor ld  (Ranwell 1972, p. 154). 
The composit ion o f  these sands i s  
p r i m a r i l y  (70% t o  90%) quar tz  and 
fe ldspar ,  wh i l e  heavier,  darker 
minera ls  occur i n  minute amounts. 
The c o l o r  o f  the  sand var ies  
s l i g h t l y  from p lace t o  place, rang- 
i n g  from l i g h t  ye l l ow ish  brown t o  a 
darker brownish gray. The darker, 
heav ier  sediments, products of t he  
eros ion  o f  basal t i c  and metamorphic 
rocks, tend to be concentrated 
toward the  beaches. I n  southern 
Oregon and nor thern  Gal i f o r n i  a the  
h i g h  concentrat ions o f  coarse, dark 
sediments r e s u l t  i n  b lack  beaches 
and dunes i n  some areas. The 
l i g h t e r  co lo red sands o f  the  n o r t h  
and the darker sands o f  t he  south 
a r e  shown i n  the  f ron t i sp iece .  

Dune sands are very poor  
s o i l s .  There i s  no accumulation o f  
organic matter,  n u t r i e n t  s ta tus  i s  
so low i t  cannot be e f f e c t i v e l y  
measured, and r e a c t i o n  i s  about 
neu t ra l  (Tables 3 and 4) .  Because 
of the h i g h  r a i n f a l l  and r a p i d  
drainage, s a l i n i t y  i s  n o t  an 
important  f a c t o r  i n  dune s o i l s  even 
on areas j u s t  above the  beach. 

Under long-es tab l ished con i fe r -  
ous vegetat ion,  a t r u e  s a i l  begins t o  
develop. The s o i l  p r o f i l e  i s  
cha rac te r i zed  by a t h i n ,  very dark 
g ray i  sh-brown surface hor izon ( o r  
l a y e r ) ,  grading i n t o  a i i i g h b r  
g r a y i  sh-brown hor izon and f i n a l  l y  
i n t o  the ye1 1 owi s h-brown c o l o r  of 

t h e  o r i g i n a l  dune sands4". The 
f i r s t  two l a y e r s  can vary i n  depth 
from 1 2 t o  50 cm. These s o i l  s a re  
a c i d  i n  r e a c t i o n  (pH 5.1 t o  6.0), 
have excessive drainage, and are  low 
i n  n u t r i e n t s  and humus. 

On the lower areas, i m p e r f e c t l y  
d ra ined s o i l s  develop which have a 
t h i n  surface l a y e r  o f  dark gray t o  
almost b lack organic mat ter  under 
which i s  g ray ish  sand. There may be 
s t a i n s  o f  ye1 l ow i  sh-brown and i r o n -  
cemented nodules deeper i n  the gray 
sand. These s o i l s  a re  very a c i d  (pH 
4.5 t o  5.0) and poor i n  n u t r i e n t s  
and humus. With long-continued 
standing water and p l a n t  growth, 
extremely a c i d  peat s o i l s  w i l l  
develop, w i t h  p a r t i a l  l y  decomposed 
organ ic  ma te r i a l  reaching a depth o f  
1.5 m. Table 5 summarizes p r o f i l e  
cha rac te r i s  t i c s  f o r  t y p i c a l  dune 
s o i l  s. 

PLANTS 

P lants  a re  important  agents i n  
t he  shaping o f  t he  coasta l  dune 
landscape. They a c t  i n  two ways. 
F i r s t ,  they can i n i t i a t e  the  
aevelopment o f  a p a r t i c u l a r  dune 
form, e i t h e r  by " a c t i v e l y "  i n t e r a c t -  
i n g  w i t h  the wind-b1 own sand, o r  
simply by t h e i r  presence, a s o r t  o f  
"passive" e f f e c t .  Secondly, p l a n t s  
a c t  as s t a b i l i z e r s  o f  sand surfaces 
by p r o t e c t i n g  them from t h e  e ros i ve  
fo rce  o f  t he  wind. 

4 Colors i n  p r o f i l  e descript l"  ons 
are  based on s p e c i f i c  smples ,  some- 
t imes on dry, sometimes on wet 
s m p l  es. The desc r ip t i ons  g iven 
here and i n  Table 3 were developed 
f ra i  sevesal sources and are pre- 
sented f o r  il I u s t r a t i  ve purposes 
only. 



Table 3. Chemical analysis  of beach, moving dune, s t ab i l i z ed  r idge ,  def la-  
t ion pla in ,  and dune fo r e s t  s o i l s  near Arcata, Ca? i fo rn ia .  Samples were 
taken from a  30-cm depth. Data a re  in par t s  per mil1 ion except f o r  pH and 
humus. (From Johnson 1963). 

Substance 

S i t e  pH Hu~tus MH3 NO3 P205 K20 Ca bQ Na So4 HC03 C1 Total N 
W 
10 

Beach 8.2 0.27 1.7 11 4.6 16 37 T2 67 8 146 63 112 

Foredune 7.1 0.74 1.4 9 7.8 12 24 12 35 8 98 28 350 

Moving dune 6.8 0.35 0.9 3 0.3 12 24 11 20 8 85 27 126 

S t a b l e r i d g e  6.5 2.27 1.9 25 7.7 18 41 9 26 12 122 28 1134 

D e f l a t i o n p l a i n  5.9 2.08 5.9 4 1.7 62 45 28 89 136 171 105 684 

Dune f a r e s t  5.6 7.48 3.0 15 7.3 31 53 22 57 8 134 48 1988 

Requirements of 6.0- I +  - 25 10 40 1CKI 20 100 100- - 200 700 
a good so i l  7.0 1000 

Table 4. Chemical analysis  (pH,  organic matter, and t o t a l  s a l t s )  of foredune 
and def la t ion plain s o i l s  along a  t ransec t  near Carter  Lake on the centra l  
Oregon coast .  (From Wiedemann 1966. ) 

Distance from Organic matter Total s a l t s  
Sanlple Site high t i d e  l i n e  ( m )  pH ( X  (mmhos /cm 1 

Windward s l  ape 
of the  foredune 

Crest  of t h e  
foredune 

tee slope o f  the  136 5.8 0.36 0.10 
foredune 

Def  1 a t i  on pl ain 29 6 5.5 0.18 0.17 

Deflation pla in  482 5.9 0.36 0.10 
hummock 

Inner edge of the  528 5.6 0.60 0.17 
d e f ? a t S ~ n  p l a i n  



Table 5. Characteristics of typical dune s o i l s  o f  the Northwest Pacific 
Coastal Region. (Sources: Bowlsby and Swanson 1964; University of Wash- 
i ngton 1974; USDA-SCS 1975; U.S. Department of Agriculture, Soi 1 Conserva- 
t i  on Service, Portland, Oregon, Official se r ies  descriptions ; A . M .  Wiede- 
mann , The Evergreen State Go1 lege , Olympia, Washington, unpubf ished f ie ld  
notes. ) 

General so i l  type P r o f i l e  descr ip t ion  
Dune forms where the 
type i s  t yp ica l ly  found 

1 .  Active sand Surface - Bare o r  t h i n  l aye r  o f  Foredune, sand hummock, sand 
dunes undecomposed leaves ,  p l a in ,  parabola dune, blowout, 

needles,  and twigs. t r ansve r se  dune, obf ique  dune 
0-150+ cm - Ye1 1 owi sh-brown to gray r e t e n t i  on r idge ,  de f l a t ion  

f i n e  sand. p l a in  ( i n  p a r t ) .  

2. Recently s t a b i -  Surface - 2 to 8 cm undecomposed Dune r idge ,  sand p l a i n ,  rem- 
1 i zed dunes and p a r t i a l l y  decom- nant f o r e s t  mound. 

posed 1 eaves,  need1 es, 
and twigs.  

0-12 cm - Ver.y dark gray f i n e  - - 
s a d .  

12-50 cm - Yellowish-brown f i n e  
sand wi th  a few reddish- 
brown and yellow s t a i n s  
a1 ong r o o t  channels.  

50-150+ cm - Yello\rish-brown f i n e  sand. 

3 .  Old s t a b i l i z e d  Surface - 2 to 8 cm undecomposed and Dune forms o b l i t e r a t e d  by long- 
p a r t i a l l y  decmposed term eros ion.  These s o i l s  
1 eaves,  needl es , twi gs .  r ep resen t  P le is tocene  dune 

0 - 1 2 c m -  Grayish-brownsandyloam. a c t i v i t y a n d a r e c o m o n l y s e e n  
12-50 cm - Reddish-brown sandy loam in highway cu t s .  

with i ran-cemen ted nodules 
and hard-pan fragments. 

50-100 cm - Brown t o  pa le  brown loam 
with cemented sandy 
mater ia l .  

100-150+ cm- Yellowish-brown f i n e  sandy 
1 oam, weakly cemented. 

4. S t a b i l i z e d  low Surface - 2 t o  5cm black decomposed Def la t ion  p l a i n ,  swale 
dune a reas  p l an t  remains matted by 

brown? sh-gray f ine  sand 
with brown mottles.  

50-150+ cm - Yellowish-brown f i n e  sand. 

Plants that i n i t i a t e  the massive sand burial through con- 
development o f  dune forms must be tinual growth above accumulating 
especially well adapted ds rather sands. None o f  these species, 
extensive sand b u r i ~ 1 .  Along the  however, are sand s t ab i l i ze r s  i n  the 
Pacific Northwest coast only a few sense that  the sand i s  more o r  less  
species have the ab i l i ty  to survive permanently protected from the 



wind.  Stabil i z a t i  on requires the 
aevelopment of a complete cover, 
e f fec t ive ly  stopping sand movement 
a t  the surface of the ground and 
permitting nonadapterj plants t o  
beccxxe es  tab1 i shed. The "sand- 
loving" species tend to build mounds 
and ridges t h a t  eventually erode 
away, a1 lowing continued sand 
ac t i v i t y .  Other species,  to le ran t  
of a l imited amount of sand bur ia l ,  
b u t  spreading rapidly by means of 
rhi  romes and above ground runners, 
a r e  more e f f i c i e n t  i n  the s t ab i l i z a -  
ti on process. 

This "act i  ve ' hccumul  a t i  on of 
sand is  i n  can t ras t  to  p lants  act ing 
a s  ba r r i e r s  to the flow of wind .  
Rising in f r on t  of a . vegetation 
mass, the wind loses i t s  power to 
t ranspor t  sand. The sand i t  i s  

carrying and pushing along pi1 es up  
windward of the vegetation. T h i s  
accumul a t i  on r e s u l t s  i n  the  devel op- 
ment of several k i n d s  of dune farms. 

Plants a l so  a c t  i n  the shaping 
of the dune landscape through s t ab i -  
l i za t ion .  Some dune forms a re  
preserved through the  s t a b i l i z a t i o n  
process. Others are  destroyed 
because s t a b i l  izat ion of sand 
surfaces prevent f u r t he r  sand from 
moving. Degradation of a dune form 
because of a reduction i n  sand 
supply i s  known as "sand s ta rva t ion . "  

Not a l l  dune forrns require  the 
action of p lants  f o r  t h e i r  i n i t i a -  
t ion.  Destruction of p lant  cover, 
erosion of the  sand surface,  and 
sand d r i f t ,  ( t h e  in teract ion of wind 
and sand alone) a r e  a l so  important 
agents of landscape development. 



CHAPTER THREE 

COASTAL SAND DUNE MORPHOLOGY 

The coasta l  sand dune landscape 
i s  a complex mosaic o f  m n y  dune 
forms. The forms are the  basic 
~ o l o g i c a l  u n i t s  making up the  
coasta l  dune systems which charac- 
t e r i z e  t h e  v a w d u n e  l o c a l  i t i e s  
along the  coast o f  t h i s  region. 

The dune forms are the r e s u l t  
o f  t he  i n t e r a c t i o n  o f  t h e  environ- 
mental f a c t o r s  sand, wind, water, 
and p lan ts .  Each combination of 
fac tors  produces unique, i d e n t i f i -  
able forms t h a t  recu r  over t h e  
l andscape. Wind and sand a1 one 
produce the  spectacular  forms f o r  
which these dune areas a re  known-- 
extensive, moving dunes occu r r i ng  i n  
r e g u l a r  pa t te rns .  Wind, sand, and 
p l a n t s  produce both small and l a r g e  
dunes of a d i f f e r e n t  form, which move 
slowly, i f  a t  a and which may 
occur i n  r a t h e r  i r regu l  a r  and 
complex pat te rns .  Water and vegeta- 
t i o n  are the  s t a b i l i z e r s ,  s lowing 
sand movement and u1 t ima te l y  stopp- 
i n g  it. 

I n  the  25 years since Cooper's 
(1958) work was publ ished, t h e  
morphology o f  the coasta l  dunes has 
been described i n  a v a r i e t y  o f  
ways. Crook ( 1979a) basi  c a l  l y  
re ta ined  Cooper's terminology, b u t  
devel oped a c l  ass i  f i c a t i  on system 
based on va ry ing  s t a t e s  o f  s t a b i l i t y .  
B a t t e l l e  (1974) used t h e  no t ion  of 
'"abi tat'" t h e  phys ica l  o r  s l r u c -  
t u r s l  environment comprisi ng a 
b i o t i c  c o m u n i t y )  -in t h e i r  descr ip-  
t i o n  of 15 s i t e s  along the  Washing- 

ton and Oregon coast. The U.S. 
Fores t  Service (P in to  e t  a l .  1972) 
and t h e  Soi 1 C o n s e r v a t i o n  Service 
(USDA-SCS 1975) both developed 
systems o f  "mapping u n i t s "  based on 
geomorphic features, degree o f  
s t a b i l i t y ,  and vegetat ion f o r  t h e i r  
descr i  p t i v e  s tud ies  based on manage- 
men t con s i  d e r a t i  on s. Each o f  these 
was developed f o r  a s p e c i f i c  purpose, 
and they range i n  e f fec t iveness from 
somewhat ambiguous t o  very complex. 

McKee (1979) describes a system 
o f  c l a s s i f i c a t i o n  based on two 
d e s c r i p t i  \re a t t r i b u t e s - - t h e  shape o r  
form o f  the  sand body, and t h e  pos i -  
t i o n  and number o f  s l i p f a c e s  (steep 
lee -s ide  surfaces).  Dune forms w i l l  
be described from t h i s  perspect ive, 
emphasizing format ive process and 
morphol ogy. Because McKee ' s  c l  ass i  - 
f i c a t i o n  i s  based on i n 1  and dune 
areas where p r e c i p i t a t i o n  i s  low and 
p l a n t s  are genera l ly  no t  abundant, 
n o t  a l l  coasta l  dune forms can be 
f i t t e d  t o  h i s  system. The coasta l  
dune forms described here, t h e i r  
c h a r a c t e r i s t i c  features,  and t h e  
corresponding uni t s  o f  t he  McKee 
c l a s s i f i c a t i o n  a re  l i s t e d  i n  Table 6. 

DUNE FORMS 

Beach 

The beach extends a long the  
coast  e v e r y h e r e  except &ere steep 
c l i f f s  form the shore and &chnically 
i s  no t  a dune Fom, The beach -is, 
however, i w o r t a n t  because jt i s  the 



Table 6. Formative elements, characteristic features,  and classif ica-  
tion of the dune forms of the Pacific Northwest Coastal Region. 

Dune form Formative elements C h a r a c t e r i s t i c  features Name i n  McKee's (1979) 
c l a s s i f i c a t i o n  of bas ic  
dune forms 

Transverse r i d g e  Wind, sand 

Obl ique dune Wind, sand 

Long, sinuous, asymmetric unvegetated Transverse r i d g e  
r i d g e s  (100+m long; 1  t o  6 m h igh ) ;  
t r e n d  a t  r i g h t  angles t o  NW winds o f  
sumer. Advance t o  SE. 

Unvegetated. Long, sinuous, 
s y m e t r i c  r idges, 1000 m long,  
25 m high; t rend obl ique t o  SW 
w i n t e r  winds and WW summer winds. 
Advance t o  NE. 

Retent ion r i d g e  Wind, sand, p l a n t s  Asymmetric r i dge  
w i t h  s l i p f a c e  invading f o r e s t  o r  
shrub vegetat ion. Forms i n  f r o n t  
o f  vegetat ion b a r r i e r .  

L inear  

None 

Foredune Wind, sand, p l a n t s  S l i g h t l y  asymmetric r i dge  above beach None 
h i g h  t i d e  l i n e .  Forms from sand 
accumulat ing i n  vegetat ion. P resen t l y  
t o  100 m wide and 10 n high. 

Parabola dune Wind, sand, p l a n t s  Asymnetric U o r  V shaped r idge ,  Parabol ic  
h ighes t  a t  the apex. Range i n  s i z e  
from 100 m t o  several km i n  length.  
Fomed by u n i d i r e c t i o n a l  e f f e c t i v e  
winds. 

Sand humock Wind, sand, p l a n t s  Mounds o f  sand p i l e d  i n  and around None 
vegetation, onc t o  several meters i n  
he ight .  Generally unstable, event- 
ua l  l y  e rod ing  away. 

Sand p l a i n  Wlnd, sand 

Wind, sand, water 

Other dune forms 
and p l a n t s  

Saucer o r  t rough shaped eros ional  Blowout 
depressions i n  es tab l i shed  vegetat ion.  
Vary w ide ly  i n  s ize.  Adjacent b lowouts 
may merge t o  produce sand p l a i n s .  

F l a t  t o  undu la t ing  sand surface. I f  Sheet 
extensive may have t ransverse r i d g e  
p a t t e r n  present. May be p a r t i a l l y  o r  
completely vegetated. Not wet. 

F l a t  sand sur face formed by e ros ion  None 
o f  sand t o  the water tab le.  Standing 
water du r ing  the r a i n y  season. 
Quick ly  vegetated. 

Ridge remnants o f  o the r  dune forms None 
t h a t  have been completely s t a b i l i z e d  
by vegetat ion (parabolas, foredunes, 
r e t e n t i o n  r idges) .  

Swa'le Wind, sand, Long, narrow depressions betr~cen dune None 
water, p l a n t s  r i  dges (successive foredunes, parabola 

r iarg ina l  r idges,  t rough h lowoutr ) .  Very 
wet, f requen t l y  w i t h  s tanding water 

Remnant f o r e s t  Wind, sand, p l a n t s  Eros ional  remnants i n  an area o f  None 
a c t i v e  sand morcnent. Usual ly  l a r g e  
(200 t o  500 m i n  diameter, 30 m 
h igh )  w i t h  o l d  growth f o r e s t  on top.  

Ponds and Wind, sand Ephemeral ponds formed where water None 
lakes  t a b l e  i s  seasonal ly  high. Lakes 

fotrri i fl F t  on"tof ddflrs ba~v f f  t ~ g  streams, 
and i n  swales. 



t ransi t ion zone between land and 
sea, and because i t  i s  the d i rec t  
source of the sand tha t  creates the 
dune landscape. The beach is defined 
(Bascomb 1964, p.13-23) as the area 
i n  which the sand i s  moved by ordi- 
nary wave action. Seaward, the 
l imit  i s  about 13 m below low-tide 
level,  while landward the l imit  
extends to the edge of a permanent 
shore feature. Very high tides and 
storm waves can extend far ther  in- 
land and "move sand," b u t  these are 
not ordinary. 

In winter, because of the 
erosive action of storm waves, the 
beach i s  steep and narrow. Much of 
the accumulated sand i s  washed out 
to deeper water to form offshore 
sand bars. As much as 1.5 t o  4.5 m 
of sand can be l o s t  i n  a winter 
season. In summer, the sediments 
are  carried back onto the beach, 
which becomes broad and gently s lop-  
ing. The amount of sand transported 
inland off the beach i n  dune areas 
i s  not known, b u t  i t  i s  thought that  
most sand deposited on the beaches 
i s  washed back to sea again, par t  of 
a continuous cycle of deposition and 
erosion. In very severe storms, 
sand may be deposited far ther  out, 
in water t oo  deep to permit i t s  
return to the beach. 

Some beaches associ ated w i  t h  
sand dunes are on the inner sides of 
sp i t s  or peninsulas and protected 
from wave action. Deposition by 
t idal  current resu l t s  in very gently 
sloping tidal f l a t s  composed of 
varying mixtures of sand and mud. 
Because of the wind regimes and the 
lack df ocean-transported sand, very 
l i t t l e  sand i s  supplied to  the dune 
system from these beaches. 

of a l i ne  parallel  to the c r e s t )  i s  
transverse to the resultant5 wind 
direction, N1O0W, o r  blowing toward 
an azimuth of 170" (Figure 12). 
Movement i s  in the general direction 
of the resultant wind .  These dunes 
occur i n  a regular pattern on exten- 
s ive areas where there is an abundant 
sand supply and a unidirectional 
effect ive wind  (Figure 13).  The 
crests  are sinuous and vary greatly 
in length; some can be traced for  
more than 1000 m. 

Intercrest  distance i s  also 
variable,  b u t  averaqes about 34 m 
(Cooper 1958, Figure 4) .  In pro- 
f i l e ,  the windward slopes are  long 
and gentle,  ranging from 3" to 12", 
while the lee slope i s  a sl ipface a t  
about 33". Height from the base 
ranges from 1 to 6 m.  

An interest ing feature of these 
dunes, described by Cooper (1958, p. 
31-33) i s  a tongue of sand extending 
downwind from the slipface,  direct ly  
below a h i g h  point on the ridge 
crest .  He thought these " l ee  pro- 
jections" to  be erosion remnants o f  
a transverse dune tha t  has progressed 
downwind. He also points out that  
while the long axis  of the lee  pro- 
jections i s  consistently parallel to 
the resul tant  direction of the 
summer winds, the trend o f  the dunes 
seem to  rotate  11" to 23" landward 
from the l ine  that  i s  norm7 ( a t  
r ight  angles) to the resul tant  wind 
direction. He could of fer  no ex- 
p l  anati on fo r  this phenomenon. 

During the winter the strong 
south-southwes*rly winds erode the 
transverse dunes severely. The 
degree of degradation depends upon 
the s ize  of the dune and exposure to  

Transverse Dunes (Figures 10 and I1 1 
' ~ e s u l  tan t wi nd di  rec t i  on : an 

The northwest winds of sumer "average" value that  takes into 
are responsible f o r  the development account both wind speed and 
of dunes wh~se trend ( the  direction direction over a period of  time. 



Figure 10. Transverse ridge zone. The dunes are moving toward the camera. 
Penmil e Creek, locality 22, June, 1983. 

F i g u r e  11. Transverse ridge,  side view. kell-developed crest about 2 m 
high.  Marth of Florence, Locality 29. August, 1964. 



N of sand lying inland. 

Figure 12. Transverse Pidges move 
i n  the general direction of the re- 
sul tant  sumer winds. The trend of 
the ridge rotates 11" to 23" 
landward from the l ine  tha t  i s  a t  
r ight  angles to the resultant wind.  
The lee projection i s  parallel  to 
the resultant wind .  

the winds, ranging from a mere 
rounding of the c res t s  to near 
obliteration with only a gently 
roll  ing surface remaining. Rejuven- 
ation of the ridges seems to occur 
on the foundation remaining from the 
previous year. 

Transverse dunes devel oped over 
very extensive areas in the past. 
With the foredune cutting off sand 
supply and the deflation plain ex- 
tending far ther  and far ther  in1 and, 
sand supply and areas suitable for  
the devel opment of transverse dunes 
become more and m r e  restr ic ted.  
Because of the i r  continual m s s  
mvement, vegetation does not develop 
to stabil  ize them. The sand will 
continue t o  move in the form of 
transverse dunes, eventually ts be 
incorporated into the larger masses 

Oblique Dunes (Cover; Figure 14)  

On very extensive sandy areas, 
open to the fu l l  fo rce  of the summer 
and winter wind regimes , and w i  t h  an 
abundant sand supply, massive sand 
dunes develop t h a t  have cres ts  
oriented a t  r ight  angles to the 
south-southwesterly winds of winter. 
They occur as a s e r i e s  of paral le l  
dunes spaced 150 t o  560 m apart, 
with an average spacing o f  380 m. 
The average height above the inter- 
dune base i s  25 m, w i t h  extremes 
to 60 m. The c r e s t  length i s  usual- 
ly l e s s  than 1080 m, b u t  can go as 
long as 2000 sn. Cooper (1958, p. 
49-58) called these dunes oblique 
ridges because thei r trend i s  oblique 
to both the summer and winter winds, 
parallel  to h is  calculat ion of the 
resul tant  wind forces .  He f e l t  that  
they did not advance, b u t  rather 
extended inland i n  the direction of 
the dune trend, t h i s  extension being 
caused by both the winter and surnmetr 
winds. He gave t h e  r a t e  of exten- 
si on of one such dune as 1.63 m/yr. 
Cooper hypothesized tha t  thei r 
origin was due to the differentia1 
advance of a '"precipitation ridge'" 
( see  retenti  on r idge )  that  origi na- 
ted close to shore. Lagging extra 
large masses of sand served as the 
beginnings of the 1 arge dunes. 

In the i r  detai led study of the 
oblique dunes, Hunter -- e t  a l .  (1983) 
have cl a r i  f ied some aspects 
of origin and moverrsent. Working 
w i t h  aerial photographs dating to  
1939, in conjunction w i t h  extensive 
f i e l d  work and analysis  of wind  data 
from Newport, Oregon, they have con- 
cluded tha t  these dunes are  essen- 
t i a l l y  transverse to the south 
south-southwester1 y winter storm 
winds,  and that they advance an 
average o f  3.8 m/yr towards an 
azimuth of 26". This i s  the calcu- 
lated resul tant  direct ion of sand 





transport  by a l l  winds blowing from 
the south. However, when sand 
transport by the northerly winds of 
summer and the inhibition of sand 
transport  by winter rains were taken 
into account, a resul tant transport  
direction of 45" was determined. 
This direction i s  a t  an angle of 71" 
to the dune trend, and i n  t h i s  sense 
the dunes can be considered oblique 
rather  than transverse-~i gure 
14). The south-southwesterly winds 
of winter are responsible for  the 
overall orientation and movement of 
the dunes while the northerly winds 
of summer reverse the upper par ts  of 
the dunes and probably help keep 
the i r  c res t s  re lat ively s t ra ight .  
The origin of obl ique dunes poses no 
problems beyond those posed by any 
eol ian dunes; special i n i t i a l  condi - 
t ions are not required for  the i r  
origin or growth. 

Because of the i r  exposure to  
wind and the ac t iv i ty  of sand over 
the i r  surfaces, the oblique dunes 
are not l ikely to become stabi l ized 
by vegetation i n  the i r  present 
form. Cooper (1958, p. 58-60) s t a t e s  
that  they cannot be maintained in- 
definitely.  He theorizes tha t  
f a i lu re  of sand supply a t  the shore, 
suppression by transverse ridges, 
and encroachment by vegetation will 
a11 work toward the obl i terat ion of 
the oblique dune pattern. In the 
l ight  of the previously ci ted work 
by Hunter e t  a l . ,  the most l ikely 
sequence o T  events i s  tha t  the 

5 According to the mrphodynamic 
classi  f ication scheme proposed by 
Hunter t d. (1983) a dune i s  
transverse i f  the resul tan t  trans- 
port of sand i s  a t  an angle of 75" 
to 90" to the dune trend, oblique i f  
the angle i s  15" to 75", and fongi- 
tudinal i f  i t  i s  0" t o  15". 

Figure 14. The oblique dune is 
basica? l y  a f arge transverse ridge 
rn~v~ing in the direction of the re- 
sul tant  winds of winter. Because o f  
rain and summer winds, the resul tant  
sand transport  i s  deflected landward. 

present obl i que dunes w i ?  l continue 
the i r  advance, which is basically 
inland, to merge with the retention 
ridge ( o r  in some cases Lo become 
massive parabola dunes f .  This  wout d 
happen even i f  no vegetation devel- 
oped to  seaward. The current 
devel opmen t of suc h vegetati on, and 
the resul ting "sand starvation" 
could prevent the formation of new 
obl ique dunes, b u t  t h i s  assumes t h a t  
the sand supply from the beaches i s  
suff ic ient  t o  build such massive 
dune forms. 

Foredune (Figure 15 ) 

The foredune i s  a ridge of sand 
parallel  t o  the beach just above the 
l imi t  of ordinary wave action. I t  
i s  formed by the i n e r a c t i o n  of 
wind, sand, and vegetation. Plants 
tolerant  of sand burial become more 
o r  l e s s  pe~mnen t ly  establ isked 
above the high-tide 1 ine,  Sand 
transported up from the beach by the 
wind co l lec ts  i n  and around the  
vegewtt-i on, botf.1 by entrapment and 
deposition ( the  plants deflecting 
winds upward, causing transport  to 



(see sand humock) produced by 
native z t  species especially we1 1 - 

Figure 15. Foredune. European 
beachgrass and mari t iw pea. Note 
the smaller dunes building up a t  the 
seaward base of the main dune. 
These rarely l a s t  through a wl'nwr 
season because of s tom] waves. 
Ydquina Bay, Locality 15. Ju ly ,  
1 964. 

cease). The plants are able t o  
mintaIn growth even though buried 
cm~pl elel y . As the pl ants can t i  nue? 
t o  grow* a r idge  a f  accumulated sand 
Qve'lops and iticrcases in height. 
Along the Pacific Northwest coast 
t h i s  ridge has attained ht?ights o f  
f U  m and a base w i  dth o f  over 100 
m. f t s  seaward side 1s ~ t ~ e p ,  aJhi7g; 
the lee sdde slopes gently from the 
crest. 

Along rrccast of the coast, this  
type  o f  for~rfunc has dcvelopcd rela- 
t i  vply  r ~ e n  t'l y ,  probably sf nce 
about 1920 mert Eurapcsn beach grass 
f h m  ---- {---- hSZ a arenaria -.-- . -- - -  a 1 was intraduced 
in t, e Cbos Bay region- European 
beach grass [used for centuries i n  
Europe to b u i l d  faredunes and to  
s t ab i l  .ire areas uf muvislg sar~b) was 
widely planted in the 1930's and 
again i n  the 1950's .  I t  also spread 
r a p i d b  by naturahmeanr. Prior Lo 
t h e  introduction of t h j s  species, 
the foredune was made u p  s f  a series 
o f  generally c l  ascf y spaced mounds 

adapted to massive sand burial 
(Figure 161. Remnants o f  t h i s  kind 
of furedune can s t i l l  be found on 
the dune areas of northern 
Cal iforni a.  

The u l t i m t e  size of the present 
Foredune along the northwest coast 
i s  not known, b u t  i t  i s  possible to 
speculate on the basis of observa- 
tion and information from other 
places. As the foredune becomes 
higher, the windward side becomes 
steeper, and less sand is  carried t o  
the top. I t  i s  not uncommon to see 
smaller mounds form a t  the windward 
base as the result  of European beach 
grass plants becoming established 
these. These can form in one sumer 
ceasnn a n d  continue to develop over 
a number of seasons i f  there are no 
winter high tides or stosms t o  wash 
them out, I f  these saal l e r  dunes 
would continue to build u p  they 
would ef f ~ c t i v e l y  reduce the wind- 
ward slope crf the foredune and allow 
!nore sdntl t o  reach the crest .  tiow- 
ever severe winter wave action i s  
frequent enough that these smal l e r  
dunes are invariably cut back and 
washed out. I'he est.abl ished fore- 
dune i t s e l f  can be cut back as wch 
a s  2 m in one winter by storm waves. 

Studies in Japan by Tanaka and 
Uzuf (1973) show that as dune height 
and wjndward slope increase, erosion 
of dune crest  increases. This 
erosion results in sand moving in- 
land, w i  deni n $  the foredune. With 
t i m e  a great mass of sand will 
gradually mwve inland, probably to 
becam stabilized by vegetation as a 
new foredune builds* This occurs an 
the west coast af Europe (Ranwe11 
19121 where ccanditians of wind, sand 
supply, and vegetation are very 
rin1i3ar to those on the northwest: 
coest, f33~iwef 1 : :9581 ca7 cir'la'tod 
that i t  took about 553 years to build 
a foredune to  ~ ~ x i m m m  height (15 m), 
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Figure 17. Retention ridge a t  the 
Inner margin of the transverse ridge 
system, The slipface i s  the moving 
f ront  of the ridge. Most t rees  are  
in to lerant  of sand burial and soon 
d ie  as s a n d  covers the ground a t  the 
base of the trunks. South of the 
Siuslaw River, Locality 20, July 
1 964, 

massive enough, i t  will advance over 
a n d  destroy the vegetati an barrier. 
Generally i t  i s  a long continuous 
r idge moving on a broad front unQr 
t h e  influence of both summer and 
wirier wind regimes. Cooper (1958, 
p. 115) estimated that the ridge 
moves forward (eastward) a t  a rate 
o f  1.6 mlyear. Plants can colonize 
the  step!? lee  slopes of s t i l l - a c t i v e  
massive ridges i f  the ra te  of deposi- 
t ion  i s  re lat ively slow. If  accumu- 
1 atisrc slows even further because of 
vegetati on devel opment wi ndward of 
the  ridge, the windward slope will 
eventual ly be covered wi t h  wegeta- 
t ion .  The effectiveness of the 
process can be s e w  i n  the well- 
developed forests  on the s t e p  fee 
slopes of some of the older, s tabi l -  
i z e d  ridges. 

Parabola  Dune (figures it3 and 19) ----- ----- 

A parabola dune i s  basl'cally a 

U-shaped or "parabol ic"  reten t i  on 
ridge. I t  i s  highest and most 
massive a t  the apex. The mztrginal 
ridges taper gradually because of 
continuous erosion of the extreme 
windward ends. An erosion trough 
l i e s  between the marginal ridges, 
The profile of the apex shows a 
gradual slope t o  windward and a 
steep slipface on the lee side. 
Parabola dunes may range in size 
from as much as 4 km in length with 
1.5 km between the marginal ridges 
to  much smaf l e r  dunes less than 100 
m long. 

Their origin i s  dependent upon 
an abundant sand supply, weli- 
developed vegetation, and a strong 
unidirectional effective wind. Where 
the extent o f  shoreline favorable t o  
the development of dunes i s  1 imi ted, 
as i s  frequently the case adjacent t o  
r iver mouths, sand will accumulate in 
massive amounts against the vegeta- 
tion barrier. A t  some point where 
the vegetation i s  not quite as dense 
or  resis tant ,  the sand will "break 
through" and advance more rapidly 
than the res t  o f  the retention ridge. 
This break-through point becomes the 
apex, where accumu13 tion and advance 
i s  concentrated. A trough i s  scoured 
o u t  behind ( t o  windward) the apex and 
the marginal ridges form. These 
ridges a1 so advance i nto vegetation, 
b u t  n~uch illore sl owl y,  and  so the  ?a r- 
abol ic form enlerges. These dunes can 
be quite large,  with the c res t  of the 
apex as much as 35 rn above the base 
and advancing as much as 5 v/yr ( A .  
Mi edel~~ann, The Evergreen State 
College, Olynpia, Was hi ng ton; 
unpubl  ished data) . 

This same process can take 
pl ace i n  areas where a we1 1 -devel oped 
retenti  an ridge i s  a1 ready advanci ng 
into vegetation, A t  a point where 
the vegetation i s  less  resis tant  the 
sand mass will move forward m r e  
rapidly . Sometimes cal l  ed "trough 
b7 o w o u t s ' b h e s e  masses of sand 
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They begin with sand accumulating in of the covering sand, increasing in 
the stems and leaves of the plant  s ize and causing more sand t o  be 
and eventual l~  covering i t -  The deposited. Species such as yellow 
f o l l  owi n g  Season the plant grows out sandverbena (Abronia 1 at i  f 01 i a )  , 

Figure 19. Parabola dunes at, Sand Lake, L o c a l i t y  9. The v iew i s  southwest- 
ward with tiaystacl< ~ o c k  the distance- The f i r s t  and second parabola dunes 
( s e e  Appendix 11) are visible. Hate the &flation plain a t  the windward base 
of the f i r s t  dune and the ephemeral pond a t  the base? of the lee sl  ipface. The 
second dune has b u i l t  up very high because of tne constricting vegetation. As 
if: advances, the sand channel w b l 1  be widened* August, 1983. (Photograph by 
A r t  Hare.) 



Figure 20a. Sand hummocks f o m d  by 
European beachgrass. Because of the 
very strong northwest winds a t  t h i s  
f ocation, ttle humrrlocks are oriented 
in s t raight  l ines parallel to  the 
wind. The hurnmnocks are 2 to 3 m 
h i g h .  Near Sutton Creek, Locality 
19. J u l y ,  1964. 

dune tansy (Tanaceturn doug l asi i 1, 
Hooker w i  l law E m o k e r i a n a )  and 
s a l t  rush ( J u n c - e s m J T e  a l l  
effective h r m x  builders. Euro- 
pean beach grass, Irowever, builds 
the largest and most numerous hum- 
inocks, They are found &erever t h i s  
species can become established ( a t -  
most everydere except very wet 
s i t e s )  and &here sand i s  being 
transported by wind. 

Humocks can frequently resul t 
from extensive p1 an tings of European 
beachgrass which were n o t  followed 
with shrub and t ree  plantings, as 
was the case in the 1930's in some 
areas. Differential survival of 
plants rerultea in bare patches of 
sand i n  the p l a n t i n g .  Sand from 
these patches was blown into the 
patches o f  l i v i n g  plants.  Grwth i n  
Eurapnan beach grass 4s sti~ulisited 
by sand burial ,  no these patches 
quickly evot ved i n t o  hummocks. 

Figure 20b. Sand hummock formed by 
a native plant species, s i lver  bur- 
sage. These hummocks can reach 3 m 
in height. Sand Lake, Locality 9 -  
July, 1964. 

Sand huinmcks generally are  not 
s t ab le  features. They are  cyclic 
dune forms ei ther  being formed, or 
having reached some maximum size,  
are being eroded away, usually from 
the bottom up (sand erosion around 
the base). In some areas wi th  very 
strong uni di rec t i  ~ n a l  effcct i  ve 
winds and wet 1 establ i shed European 
beach grass, the foredune i s  replaced 
by a system of large hunrmcks, 
usually arranged i n  a row that  runs 
para l le l  to  the wind direction. In 
some cases, hummocks can became 
s tab i l ized .  This happens when they 
are she1 tered from strong erosive 
winds (because of the development of 
dune forms windward). o r  i f  
s tab i l iz ing  vegetation develops 
quickly enough to prevent erosion. 

Blowout (Figure 13)  

bahere vegetation cover is 
disturbed suff ic ient ly  Lg) expose the 
sand t o  wind, erosion w i l l  take 
place with sand being blown o u t  6d: 
the disturbed s i t e .  Such a "blowout" 



can take two forms: e i ther  a long, 
narrow trough w i t h  a moving pi1 e of 
sand a t  i t s  head ( a  possible i n -  
c i p i e n t  parabola dune), or a 
saucer- shaped bowl with sand p i  1 ed 
along the l ee  side. The size of a 
blowout varies considerably, from a 
few square me&ters i n  area to several 
hectares.  As troughs or bowls en- 
la rge  they may join w i t 1 1  other 
blowouts, resu'l ting eventually i n  a 
sand plain, or the blowouts may 
sirlrply became revegetated. Where 
there has been a history of blowout 
fornation and  s tabi l  ization, the 
grot~nd surface i s  very i rregul ar. 

Sand Plain (Figure 21)  

Sand plains are large,  rela- 
t i v e l y  level or gently sloping 
areas of sand, The surface may be 
i rregular, b u t  changes in re1 ief are 
not  great unless other dune forms 
occur on the plain. Generally the 
sand plain occurs between the beach 
and the beginning of the icetention 
ridge. I t  i s  a broad expanse of 

sand on which other dune forms 
(transverse ridges, sand hummocks, 
etc.) develop i f  conditions of wind 
and sand supply necessary to the 
formati on a particular dune form are  
present . 

In general the sand plain is 
dry with the water table some 
distance be1 ow the surface. The 
establishment of vegetation i s  a 
slow process. Only i f  sand movement 
i s  reduced will species tolerant of 
some degree of sand covering become 
established, leading eventually t o  
f u l l  vegetation cover. Reduction i n  
sand movement on a sand plain might 
be due to the she1 tering ef fec t  of 
nearby developing vegetation or to 
the trapping of sand far ther  down- 
wind by developing vegetation. 

Deflation Plain (Figures 13 and 22) -- 
I n  certain areas, the wind 

erodes the sand surface close to the 
water table,  resulting in a wet sand 
surface very resis tant  t o  further 

61'gure 21. Sand plain forfiled to 
windward o f  orre o f  the large para-  
bola dunes a t  Sand Lake, Locality 9. 
The red fescue--dune goldenrod cam- 
munity i s  s tabi l iz ing the area. 
Note scattered lodgepole pine becm- 
iwg  established in the open area. 
Septmber , 1954 * 

Figure 22, Deflation plain f o m d  
a t  the windward base of a large 
parabola dune a t  Sand Lake, Locality 
9. The lowest part  of the deflation 
plafn i s  on the right,  where part  of 
a marginal ridge i s  vis ible .  A 
forested remnant of an ea r l i e r  mar- 
ginal ridge is seen on the l e f t .  On 
the horizon i s  Haystack Rock a t  Cape 
Kiwanda April, 19M. 



erosion. Such places a re  c a l l e d  
d e f l a t i o n  p la ins .  The i r  f o r m t i o n  
usua l l y  occurs when sand supply to 
the eroding surface i s  reduced o r  
c u t  o f f  e n t i  r e l y .  Reduction i n  sand 
supply f requen t l y  occurs i n  the 
troughs between the marginal r idges  
o f  l a r g e  parabola dunes because the 
sand i s  be ing  used f o r  the  develop- 
ment o f  a new parabola dune down- 
wind o r  hecause of extensive 
v e g e t a t i o ~  development i n  the area 
t h a t  was o r i g i n a l l y  the  source of 
the sand. A t o t a l  i n t e r r u p t i o n  of 
the sand supply has occurred on the 
l e e  s ide  o f  the  extensive foredunes 
t h a t  have devel oped a1 ong the  coast. 
A d e f l a t i o n  p l a i n  has come i n t o  
ex is tence t h a t  has increased 
cont inuous ly  i n  widtft over the past  
40 y r s  and i n  same places i s  now up 
t o  2 km wide. The d e f l a t i o n  p l a i n  
w i l  l cont inue t o  increase i n  width 
as sand i s  eroded t o  the  water t ab le  
along i t s  eastern edge. 

Long term f l u c t u a t i o n s  i n  
ground-water l e v e l  s  can cause def la- 
t i o n  p l a i n s  t o  develop o r  disappear 
(Cooper 1958, p. 109). Drainage 
waters frm dune lakes may appear a t  
sone ciistance froin the water source, 
e f f e c t i v e l y  r a i s i n g  t h e  water table.  
Lowering of the  ground-water tab1 e 
because o f  a1 te red  drainage pa t te rns  
o r  y round-water dep le t ion  could 
change the  character  o f  an e x i s t i n g  
d e f l a t i o n  p l a i n .  The patches o f  wet 
sand, however, which comonly  appear 
on extensive sand p l a i n s  du r ing  
w in te r  and e a r l y  sp r i ng  are caused 
by &mporary r i s e s  i n  the water 
t a b l e  as a r e s u l t  o f  heavy w in te r  
p r e c i p i t a t i o n  and are  no t  considered 
d e f l a t i o n  surfaces. 

Because o f  the s tab i f  i ty o f  t he  
d e f l  at ion-pl a i n  surfdce and t h e  
abundance o f  moisture, vegetat ion 
develops r a p i d l y .  I n  as l i t t l e  as 
30 y rs ,  a t a l l ,  dense t h i c k e t  of 
shrubs and t rees  w i l l  develop t h a t  
i s  v i r t h t a l l y  impenetrable tx a 

person t r y i n g  t o  walk thrrxlgh t h e  
area. 

Dune Ridge (F igure  23)  

Sand r idges  r e s u l t  from the 
s t a b i l i z a t i o n  by vegetat ion o f  a 
dune i n  essent ia l  l y  unal tered form. 
Successive foredunes on a progradi  ng 
shore1 ine,  t h e  marginal r idges  of  
1 arge parabol a dunes, and r e t e n t i o n  
r idges  a l l  s t a b i l  i z e  as dune r idges.  
(These three dune forms are def ined 
i n  terms o f  t h e i r  o r i g i n .  Once 
created and stabi  l ized , they merge 
i n to  a general l y  s i  ngle , recognizsbl e 
forin.) Dune r idges w i l l  remain 
s t a b l e  as long as the vegetat ion i s  
undi s  t u  rbed , Des t r u c t  i on o f  pl ant  
cover would r e s u l t  i n  sand rnovernent 
d i f f e r e n t  from the format ive pro-  
cesses, and the  dune r i d g e  form would 
be ob1 i t e ra ted .  Dune r idges should 
n o t  be confused w i  t t ~  t ransverse 
r idges,  which do not  s t a b i l i z e .  

Remnant Fores t  Mounds (Cover; 
F i g u r e  13) 

These a r e  dune f o m s  having 
t h e i r  o r i g i n  i n  the  degradat ion o f  
e a r l i e r  dune forms t h a t  had become 
s t a b i l i z e d .  They a re  related t o  t h e  
s t a b i l i z e d  dune farms loca ted  f a r t h e r  
i n l a n d  c u r r e n t l y  being destroyed by 
sand a c t i v i t y .  They occur as large,  
spectacular ,  i s o l  atetl, fo res ted  
mounds. They vary i n  s i z e  bu t  most 
arc  200 t o  500 ln i t1  diameter and 
about 50 m high. Old-growth f o r e s t  
covers t h e  tap ,  whi le  younger vegeta- 
t i o n  occurs on the cons tan t l y  
e rod ing  sides. The f o r e s t  on t h e  
top  o f  one o f  these remnant f o r e s t  
mounds was ca l cu la ted  t o  be a t  l e a s t  
500 years  01 d (Cooper 1958, p. 100). 
T h e i r  ex is tence may be due t o  d i f -  
f e r e n t i a l  eros ion du r ing  the  c u r r e n t  
c y c l e  of' a c t i v i t y *  Another poss i -  
b i l i t y  i s  tha"h.he e x i s t i n g  f o r e s t  
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Figure 24. Ephemeral dune pond. These ponds usual iy dry up by ea r ly  sumner, 
but in years of h i g h  precipi ta t ion they may pe r s i s t  in to  the  f a l l .  Tenmile 
Creek, Locality 22 .  June, 1983. 

open sand ,  Cleawox Lake, Locality L U .  d u n e ,  L Y O ~ .  



Table 7.  Approximate surface area and depth of lakes on the Oregon Dunes 
National Recreation Area i n  years of average precipitation. (From Pinto -- e t  a1 . 
1972. ) 

- 
Lake 

Surface Area 
ha (acres) 

Depth 
m ( f t )  

Bear 
C l  eawox 
Sil tcoos Lagoon 
Sil tcoos 
North Erhart 
Erhart 
Loon 
Taylor 
Carter 
Lost 
Pcrkins 
Tahkeni tch 
E l  bow 
Tilreerni 1 e 
Schuttpel La 
Ma1 l' 
Clear- 
Saunders 
Butterfi eld 
Bear1 e 
Snag 
Sandpaint 
S p i r i t  
Horsfal 'I 
B l  urbil l 

the sand surface to the water table. landform they occupy. I t  i s  the 
I t  i s  character is t ical ly  long and product o f  the various environmental 
narrow. Natural s t a b i l i  tation factors interacting in certain ways 
proceeds, and vegetati on quickly in the di f ferent  local i t i e s .  Cer- 
becomes established i n  the wales  tain dune forms tend tcp characterize 
unless enough water i s  present to ia gl'ven system, b u t  they are not 
form a pond or  small dune 1 ake. res t r ic ted  to that  system. 

D U N E  SYSTEMS A1 ong the Paci f ic Northwest 
coast four types o f  dune sysbms can 

A dune sys'tem i s  characterized be distinguished. In general, the 
by a set of dune forms recurring in parallel system i s  found i n  
a pattern over the dune landscape the north s m o - 6  the region, 
and by "ie nature of  the coastal the parabola dune system in the 

-I - __I__ 



north-central part  of the region; 
and the transverse system i n  
the south-central . d a y - a u n e  
system i s  scattered along t T e n %  
reg1 on. Many local i t i e s  represent 
more than one system. 

Parallel r i  (Localit ies 1 
24 t h r o u g h  29 

( F i g u r e  26 ) )  

T h i s  system i s  best developed 
on the prograding shoreline north 
and south of the Columbia River. 
I t s  characteristic dune form i s  the 
dune r i dge f stab i 1 i zed foredune 1 . 
These ridges are arranged in a 
parallel  ser ies  tha t  extends over 2 
krn inland in some places. Develop- 
ment of the system began when t h e  
sea reached i t s  maximum elevation 
a f t e r  the l a s t  glaciation, about 
6U00 yrs  ago. 

The enorntous sedimnt loads of 
the Columbia River were carried 
north and south by offshore long- 
shore currents to be Qposited on 

beaches and blown inland. Vegeta- 
t i o n  developing a t  the high-tide 
1 i ne created a foredune. Deposi t i  on 
exceeded beach eross'on and even t u -  
a l l y  a new line of vegetation 
developed far ther  out, ini  t i a t jng  a 
new foredune. The height and number 
o f  t h e  dune ridges tha t  resulted was 
a Function of rate of sand deposi- 
t ion on the beaches. There are 
fewer, lower ridges t;r, the north, 
but  with more extensive rograda tion 
over a longer shore1 ine $60 km). To 
the south there are more numrous, 
higher ridges over a shorter shore- 
l i n e  distance (30 km). 

Swales occur between closely 
spaced ridges. Some o f  these swales 
a r e  f i l l e d  with lakes or ponds. 
Sand plains developed between the 
more wi del y spaced ridges . $1 owauts 
and hummocks develop i n  areas h e r e  
sand i s  active. Most o f  these r i dge  
sys terns were stab i 1 i zed prior to  
Caucasion settlement. Subsequent 
disturbance because o f  agricul tural 
ac t i  vi t y  resulted in massi ve erosion 
in some loca l i t i e s  tha t  became! the 
subject  of intensi ve stabil  ization 
e f f o r t s .  

Para1 le l  ridge systems are  a1 so 
found h e r e  a ser ies  of retention 
ridges have become stabi l  ised. They 
usually represent the culmination 
(through s tab i l iza t ion)  of a long 
period o f  sand ac t iv i ty  i n  which the 
sand of a number of dune forms 
even ttnall y becomes incorporated in to  
a single ridge. Localities 15, 19, 
24, and 25 are  examples of such 
areas.  Generally a currently ac t i  ve 
retention ridqe i s  at750 present. - 

Figure 26, Parallel ridge system. 
Parabola dune s.~;ystetem f Local i t ies Clatsop Plains, Locality 4. View . - - - - - - - -  

north. Sunset Beach Road runs 9 t h r o u g h  13, 16 t h r o u g h  18, 30, 31, 
across the center of the photo- 3 3 )  ( F i g u r e  2 7 ) )  
g r a p h .  TNO of t he  nine ridges are 
e a s i l y  v i s i b l e  just t o  the r i g h t  of These systems are  characterized 
Sinsc_f?t i34e, which i~ 9 swale l a k e .  by massive parabola dunes f o r  com- 
US 101 t o p  right.  August, 1983. pf exes of such dunes) located 
I Photograph by Art Hare. 1 prirnatrily alor ty the n o r t h - c e n t r a l  



Figure 27. Parabola dune system a t  Sand Lake, Locality 9. The currently 
a c t i v e  dunes move northeastward along the a x i s  of the system. Vehicles are 
n o t  permitted in the darker, vegetated area just  north o f  the entrance Lo Sand 
Lakc. The l ight  area just  behind the foredune i s  a d rag  s t r ip .  Cape Lookout 
upper l e f t .  August, 1983, (Photograph by Art Hare.) 

Oregon coast. They are  the resul t  
o f  unidirectional effect ive winds, 
mostly south-southwesterly, but a 
f @id narthwes terl  y . Many are associ - 
ated w i  "c r iver  a r  bay mouths. A1 1 
a r e  separated from one another by 
capes, rocky head1 ands, or sea 
c l i f f s *  For the most par t  the i r  
development began during the period 
af rising sea level a f t e r  the l a s t  
glaciat ion.  Max"m'm development of 
the form occurred during the period 
of  submergence, w i  t h  resia? t a n t  
erosion sf the seaward ends as the 
sea level continued to r i se .  

The extent to h i c h  the system 
survives today a t  any loca l i ty  
depends on hm f a r  inland it pro- 
gressed during the fo rmt i  ve period. 
A t  Locality 9 (Sand take) most of 
the system s t i l l  remains, while a t  
many other local i t i e s  only barely 
recognizable remants can be dis- 
t i n g u i  shed. Extensive sand plains 
and deflation plains a re  frequently 
found windward of the parabola 
dunes, often with transverse ridges 
and htanin~eks present. Where 
succes si  ve parabol a dunes have 
formed, s tabi l ized remnants of the 



ear7 i er dunes are present. A 
foredune may be present a t  the beach 
end of the system, and blowouts are 
a common feature o f  areas in early 
stages of s tabi l izat ion.  bdhere many 
smal l parabolas cans t i  tute the 
system ( a s  on the north coast of 
California) the marginal ridges of 
these dunes may coalesce and erode 
away. A retention ridge will resu l t .  

T r a n s v e r s ~ - ~ j _ d ~ ~ - p s ~ ~  (Localit ies 
mTr--rCover  and igure 33) 

Along the south-central Oregon 
c u a q t ,  shore condi t ions  vJerc f d v o r -  
a b l e  t u  t i l e  d ~ c u ~ n u i a t i o n  OF larqe 
a:rri)iir,ts of r ~ n d  fu r  great distances, 
b o t h  l u n j s h u r u  a n d  i n l a n d .  These sys- 
e@,ll; dccrrtrr?t f o r  t i l e  qreclttbst area o f  
dunes i n  the region under considera- 
tion. A re1 a t i  vel y level , low-lyi n g  
caas ta l  plain allowed the sdnd t o  
rnove i n l a n d  u p  to 4 km from the 
present shoreline as the sea level 
rose, W i t h  tmximunl submergence and 
relatjve shoreline s t ab i l i t y ,  the 
sysQ?ms havc rerwl'ned active.  

Extensive sand plains a re  
characteris t i c  o f  these sys&ms, and 
h e r e  the p l a i n  i s  not s tabi l ized,  
the transverse ridge pattern 
develops* Thc oblique dunes, unique 
to  this system, a r c  a resul t  of 
massive sand suppl ies and in&ract- 
ing winds. Parabola dunes occur 
frequently, b u t  these tend lo be  
smna91 conyared tu those farther 
north. A retentian ridge Qfines 
the inner or landward extent of the 
system, and a foredune rar in sarrtcl 
places, sand humocks, definb? the 
seaward side next to the beach. 

Deflation  lai ins occur on the 

inland. Ephemeral ponds occur a t  
the edges of deflation plains,  in 
the troughs between abl i que dunes, 
and i n  low places in forested areas 
{ stabil  ized trough blawouts). large,  
shallow dune lakes are  a charac- 
t e r i s t i c  feature of sorne loca l i t i e s  
i n  t h i s  system. 

Bay dune s ~ s t e m  (Localit ies 5, 7, 8, 
I.l;-3277igure 28) 

These dune systems are  defined 
by the i r  location on sand s p i t s ,  
barr ier  dunes, o r  peninsulas fosnled 

lee side o f  the' foredune and a t  the Figure 28. Bay dune systm. The 
windward base o f  some parabola dunes e n d  of' t h e  sp i t  ( t o p )  i s  typica? 
Sl owouts occur frequently in either Snwy Plover nesting h a b i ~ k .  Note 
old o r  newly established vegetation. the erosion of the foredune. 
Wa;.gi ,a$! 1 akes are characteris t i c  o f  Netarts Bay, Local i ty 8. (Oregon 
th i s  sysQ;em because of the wide DeparmenL of Transportation, Ze) 
front  over which the sand has mwed March, 19723* ) 



ac ros s  the mouths of bays. They can foredune, sand p l a i n ,  d e f l a t i o n  
range i n  width from severa l  hundred p l a i n ,  b lowou t ,  sand ridge, sand 
meters t;o severa l  k i lometers ,  and in  h u m c k ,  and swafe a r e  the  most 
l e n g t h  from 3 km to over 10 km. c o m r l  forms seen. On the  l a r g e r  
They a r e  not cha rac t e r i zed  by any peninsulas ,  parabola dunes, t r a n s -  
spec ia l  set of dune Forms. The verse r i dges ,  and ponds and lakes 

can occur.  





s i l t ,  clay, and organic materials 
indicating that  up  to about 9,000 
y r s  ago river-transported sediments 
(from the Siuslaw River) were depo- 
s i ted  on the dunes. More rapid depo- 
s i t i on  of beach sand since that time 
probably prevented the further ac- 
cumulation of river-transported mate- 
r ia l  s. 

While one must be careful about 
drawing conclusions from limited 
data, i t  i s  interest ing to note that 
there was l i t t l e  accumulation of 
sand between " s t i  11 stand" (essen- 
t i a l l y  present sea level ) ,  3650 yrs 
ago, and 2340 yrs  ago, the age of 
the sample collected a t  the same 
level.  Since that time there has 
been considerable depostion, and 
th is  is of in te res t  for  the discus- 
sion l a t e r  i n  the chapter. 

As sea-level r i se  slowed around 
6,000 yrs ago, Cwper (1958) s t a t e s  
that the dunes reached the i r  
fa r thes t  inland advance and the i r  
greatest  vol ume ." Most areas had 
become compf etely s tabi l ized,  ei ther 
as parabola dune complexes or as 
massive retention ridges and associ- 
ated deflation plains. The con- 
tinued slaw r i se  of sea level eroded 
away the rtabil  ized dune masses, 
l eaving on1 y remnants in some cases. 
Some of these remnants are "perched" 
on higher ground with no present 
contact with receptive shore. I n  
other places recent sand erosion has 
uncovered the remains of large trees 
adjoining t h e  present-day beach. I f  
there i s  any val idi ty  V the data 

----- --" 

' The area of the coast north and 
south of the Columbia River had no 
dunes a t  t h i s  time because OF the 
bluffs and c l i f f s  that  made u p  the 
bay shore3 ines i n  th i s  area. Dune 
biif l ding occurred f n the succeedf ng 
6,000 yrs as explained in  the sec- 
t i o n  on parallel  ridge systems. 

mentioned above, t h i s  period of 
overal 1 stabil i ty probably 1 asted 
for some time. 

STABILIZATION AND REJUVENATION 

One of the most remarkable fea- 
tures of these coastal dune systems 
i s  the i r  instabili ty--the cycles of 
stabil  ization and rejuvenation that  
are apparent everywhere. Because of 
the mild c1 imate, vegetation becomes 
establ ished easily and quickly and 
devel opmen t i s  rapid. Progression 
from herbaceous t o  shrub t o  perma- 
nent forest  can take place within 
the lifetime of one person. This i s  
demonstrated by a forested area dir- 
ectly west of Cleawox Lake (Locality 
20) (Figure 291. Described i n  1915 
as a low meadow with grass and 
strawberry plants, i t  had devel oped 
into a forest  with t rees  30 m i n  
diameter and 12  m t a l l  by 1965 
(Wiedemann 1966, p. 188-203). 

Some of this  vegetation will 
remain a long time, growing into o l d -  
growth climax forest .  More common- 
ly ,  however, dunes become active 
again and much of the vegetation i s  
par t ia l ly  or completely buried by 
moving dunes. As the sand moves on, 
decaying remnants o f  fores t  of a l l  
sizes become exposed again. Oc- 
casionally the cycle is  so rapid 
that  one sees new forest. developing 
among the remains of the previous 
one. 

k i t h  the establishrnerlt of vege- 
tation i s  in i t ia ted  the development 
of so i l .  These so i l s  demonstrate 
the ins tab i l i ty  of the sand dune en- 
v i  ronmen t. Eroding sands frequently 
expose '"buried profiles," layers of 
soil that had developed to some ex- 
tentuunder  forest  and were then 
buried as new sand moved over the 
area. One of the most s t r ik ing  ex- 
amples of this can be seen a t  Cape 
Kiwanda on the Oregon coast (Local- 
i ty  10)- The  south face of the 



Figure 29. Deflation plain and vegetation development caused by drainage from 
a dune lake. View i s  toward the north. The oldest vegetation i s  a t  the l e f t .  
The " s t r i p e d ' h a t u r e  of the vegetation a t  the lower l e f t  resu l t s  frani the 
planting of legurnes and grasses t o  irnprove wildlife habitat .  Most of the sand 
hum~ocks a t  thu north and south ends are formed by Hooker willow. A t  the time 
the photograph was taken the area was about 1400 rn long ( N  - 5 )  and 600 rn wide 
a t  the widest point. West of Clcawox Lake, Locality 20. June, 1964. 

thick sand mantle atop Cape Kiwanda 
shows s i x  buried soil layers, a l l  
within a vertical d is tance of 25 in 
(Figure 3 0 ) +  Clearly "s tab i l i ty i '  i s  
a v a r i a b l e  s t a t e ,  subject to tkcl 
action of many factors.  

The fac tors  responsible f o r  
;and act ivi ty  i n  any particular arc2 
zre d i f f i cu l t  t o  deterni ne (unless 
there i s  a historical record). 
Cooper (1958, p.  131) s ta tes  that 
a l l  of the dunes were stabilized by 
t h e  t i ~ e   sf naxincrm submergence. 
For the massive retention r-idge: 
a l o n g  the inner margins of the dune 

areas and for the largest  parabola 
dunes (such as a t  Sand Lake, Local- 
i t y  91, staki l izs t ion bias probably a 
one-t ime phenomenon. Road cuts 
through these dune forms reveal no 
buried profiles,  b u t  a very well - 
devel oped surface profi le ,  C i  ven 
Birkeland's (1974) estimate of a t  
l eas t  1,000 yrs for e soil  surface 
horizon t o  develop under ideal con- 
dit ions,  i t  i s  ent i rely l ikely that  
a t  leas t  some of the dune forms in 
$one p laces  have escaped the s t a b i -  
1 i  zation-rejuvenation cycle. These 
pl aces are usually t b e  extreme inner 
margins of the present dune f ie lds .  



Figure 30. Buried soil profiles on 
the  remnant dune mass on top of Cape 
Kiwanda, A t  l ea s t  six profiles are  
distinguishable. Locality 10. Au- 
gust, 1983. 

On areas closer to the shore, 
exposed profiles range from a few 
centimeters of i nci pi ent so i 1 devel - 
opment t o  nearly fu l ly  developed 
surface horizons 30 cm thick. In 
rnany places the surfaces of these 
prof i les  bear b i t s  of charred wood, 
evidence tha t  f i r e  may have de- 
stroyed the protecting cover, per- 
m i  t t i ng  rejuvenation. While not 
camon, extensive f i r e s  d id  occur 
pr ior  to Caucasian settlement 
(Cooper 1958, p. 74).  Fires in the 
early part  of the 19th century de- 
stroyed mch forest  along the Oregon 
coast, as noted in pioneer journals 
and coast surveys ( W iedemann 1966, 
p. 901. These f i r e s  would probably 
have been natural i n  origin since 
the beach- and river-dwell ing abori- 
g i n a l ~  would not have made a prac- 
t i c e  of b u r n i n g  t o  maintain grass- 
lands as was the case i n  many inland 
areas. 

A1 though f i  res could account 
fOr rejuvenation on a local scale ,  
the  current act ivi ty ,  h i c k  seem 
uniform i n  extent from Tillamook 
Head a l l  the way into northern Cali- 

fornia, i s  more d i f f i c u l t  to ex- 
plain . C l  i mati c changes could cause 
changes i n  vegetation or wind 
regimes that would bring about re- 
newed ac t iv i ty .  However, Hanson 
(1947), as a resu l t  of his study of 
pollen in peat profiles from sand 
dune depressions, sees no evidence 
of coastal climatic change i n  the 
post-g1 aci a1 period. He postulates 
that  periods of accelerated sand 
movement may be re1 ated to climatic 
fluctuations far ther  inland, changes 
which could have increased wind ve- 
loci t i e s  sufficiently to bring about 
extensive rejuvenation. Studies in 
Europe (Ranwell 1972, p. 18) show 
that dune act ivi ty  his tor ical ly  has 
been re1 a ted to periods of exception- 
a stormy weather. I t  i s  sug- 
gested that  these periods of storm- 
iness are related to  recurrrent as- 
tronomi cal events affecting t idal  
maxima. The major t idal  maxima 
occur in  1,700-yr cycles, the l a s t  
occurring in Europe in 1433 A.D. 

Changes i n  coas tat confi gura- 
tion as a resul t  of dif ferentiaf 
ra tes  of erosion of headlands and 
intervening stretches may af fec t  
patterns and volume of beach accumu- 
la t ion,  and hence sand supply to the 
dunes. Tectonic changes in the 
coast l ine  could create the effects  
of submergence or emergence, in- 
creasi n g  o r  decreasing sand act i  vi ty 
(Russell 1970 1. Increased sediment 
1 oads, perhaps reflecting climatic 
change f a r  from the dune areas them- 
selves, could provide mss i  ve new 
suppl ies of sand for rejuvenation. 

THE PRESENT SITUATION 

The generalized picture s e m  
te, suggest an u l  t i m t e  s tabi l  i za t i  on 
of the coastal dunes several thou- 
sand years ago. Cessation of sub- 
mergence or perhaps even s l igh t  re- 
versal my have cog~bined .En cor~cet-P. 
with ather Factors t o  reduce sand 
supply from the beaches. This per- 



mi t ted the devel opmen t of an exten s- 
ive deflation plain leeward of the 
retention ridges a t  the inner mrgin 
of the dune f ie ld.  In some places, 
a second retention ridge seaward 
from the Fi rs t ,  b u t  parallel to i t  
(Locality 191, or a smaller parabola 
dune enclosed within a larger one 
(Local i ty 9 f suggest interrupt l' on o f  
t h  i s  process. General stab i l  i za t i  on 
occurred b u t  with frequent local 
ins tab i l i ty .  

Large-scal e rcjuvena t i  on then 
occurred . Using dune msvement 
studies and the present distance of 
the retention ridge from the beach, 
Cooper ( 1 9 5 8 ,  p.  14) estimates a 
minimum time of 2,750 yrs  since the 
present ac t iv i ty  began. This i s  
suff ic ient  t i m e  for restabilization 
to occur on a f ocal basis on defla- 
tion plains and other places where 
sand movement &mporaril y slows. 
T h i s  vegetation i s ,  i n  turn, again 
des Lroyed by 1 ocal rejuvenation, 

This is  the pattern we see 
today; i t  is especially well de- 
veloped north of Florence, Oregon 
(Locality 19),  and north of Coos 
Bay, Oregon (Locality 23 1. A t  Sand 
Lake (Locality 91, a parabola dune 
of the current cycle of ac t iv i ty  has 
traversed the enti re 6,OQO m to the 
mountain Front between the rnarginal 
ridges of the older stabilized dunes. 
Three more parabola dunes are follow- 
ing in i t s  path. Based on the 
current ra te  of movement of the new- 
e s t  parabola dune (6 mlyr), the 
current ac t iv i ty  would have begun a t  
l eas t  1,000 yrs  ago. The three 
l a t e r  dunes, however, have very 
1 i t t l e  fores t  vegetation in the i r  
path and presumably would move more 
rapidly than the f i r s t  one dia,  A 
time of 2,000 to 3,000 yrs t o  account 
for the ac t iv i ty  i n  this  area would 
not seem unreasonable. 

Comparison of dune mvement 
data with the drilled-well data dis- 
cussed ear l ie r  strongly suggest a 
resurgence of dune-bui 1 d i n g  ac t iv i ty  
20QO to 3000 yrs ago. I t  cannot be 
determined i f  the bulk of the sand 
involved in the current ac t iv i ty  
represents materials al ready in 
place, or i f  i t  resulted from a tem-  
porary buildup i n  supply to  the 
beaches. The bulk of th is  sand has 
already moved inland almost to the 
inner margin of the dune f ie ld  (and 
far ther  in a few places). Except on 
a very local basis, there i s  no evi- 
dence of very large amounts of new 
sand accumul a t i  n g  near the beaches. 
The volume of sand collected i n  the 
newly formed foredune seems quite 
insignificant when compared to the 
massi ve ob'li ique dunes and extensi we 
transverse dune areas already in 
exi s tence . 

The most l ikely sequence of 
events For the future i s  that  the 
sand of the transverse ridges and 
obl i que dunes, because of the i r  d i  - 
rection of movement, will eventually 
be incorporated into the inner 
retention ridge. Using the rate of 
ob1 i que dune movement cal cul ated by 
Hunter a_l. (19831, t h i s  
could take a t  leas t  1,000 yrs. No 
new oblique dunes or transverse 
ridge systems will form. This  9 
be the resul t  of sand accumula%~on 
in the foredune. However, i t  i s  
also very l ikely that even in the 
absence of the present foredune 
system, n o t  enough sand would be 
available from the beaches La main- 
tain the present sysbm sf  active 
dunes. As the active dunes work 
into the retention ridge, the lee- 
ward &fla"tion plain will increase 
in wi dth. Sand movement will slow, 

and eventual 1y the enti re system 
will be covered by vegetation, s t a -  
b.il izing even the retention ridge -- 
a frill t ~ r n  of the cycle once aga i r t -  



CHAPTER FIVE 

BIOTA 

FLORA 

The vascular p lant  f l o r a  of the 
coastal dunes appears t o  be rernark- 
ably uniform from Cape F la t t e ry  to  
Gape Mendocino. However, the  f l o r a  
changes toward the southern part .  
The change is  due to  the c l imat ic  
s k i f t  a t  46"N 1 a l i  tude noted 
e a r l i e r ,  from a mesothermal to a 
Mediterranean type cl i mate (Breckon 
and Barbour 1974). T h i s  sh i f t  i s  
not ref lec ted in the f l o r a  unti l  43" 
30'N, near Coos Bay, Oregon. While 
not  an abrupt change, i t  does mark 
the southern l i m r ' t  of the s i gn i f i -  
can t  influence of the  Subarctic 
Beach Flnra and northern l imi t  of 
the  Dry Mediterranean Beach Flora 
(Figure 31). This boundary a l so  
corresponds c losely  to  the northern 
boundary of the  Cal i fornia  F l o r i s t i c  
Province (Howel 1 1957) and the bound- 
ary a M 0 N  iven by Hitchcock and 

?J Cranquist (19 3 )  fo r  the northward 
extension of the K1 amath Flora. 

The significance of t h i s  can be 
seen i s ?  the presence o r  absence of 
species on e i t h e r  s ide  of t h i s  gener- 
al  boundary. A number of  dune 
spec ies do not occur north of Coos 
Bay: silvery phatel i a  (Phacelia 

just barely make i t  i n t o  the region 
a t  the sotatt.tern end: Hottentot-fi g 

(Mesembryanthemum edul e )  and sea-f i g 
(M. chi lense) .  Some species occur 
t h r o u g h o u r t h e  regi on, b u t  become 
more important i n  one pa r t  o r  
another: chaparral broom (Baccharis 
p i l u l a r i . ~ ) ,  f o r  example, is f a r  more 
cornmon i n  northern Cal i fornia ,  while 
western red cedar (Thuja p l i c a t a )  is 
more frequently seen i n  the  dune 
fo r e s t s  o f  the north p a r t  of the 
region. Ten species occurring with- 
i n  the region are endemic to  t h e  
Pacific coast  of North America, and 

NORTH 
COA S T A  L 

C A F E  FLArTEf iY  
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C s - - 430 
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3 ; "  -4"_x____ DRY MEDI-  
B W  TERRANEAN 
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Figure 31.  Pacific Coast ecof lo r i s -  
t i c  zones and subzones and major cl i- 
matic boundari es (Koeppen system). 
The Paei f f c. Eda~thkrest h a s  tal  Region 
a's shaded. (Redrawn from Barbour e t  
a l .  19iS.)  - - 



a r e  r e s t r i c t ed  to maritime habi ta ts .  
One of these,  dune tansy (Tanacetum 
dou l a s i i ) ,  occurs en t i re ly  within +- t e region between 4 9 " ~  and 40°N, 
and another, wedge-1 aaved s i1  ver 
bursage (Ambrosia chamissoni s ssp. 
cune i fo l i a ) ,  i s  found only w i t h i n  
one degree of l a t i t ude ,  from 47" 
30'N to 46" 30'N (Breckon and . -  - 

Barbour 1974; Barbour e t  a l .  1975, - - 
1976). 

No comprehensi ve vascular plant  
f l o r a  of the coastal dune systems i s  
avai lable .  The work of Wiedemnn 
(19661, Wiedemann e t  a l .  (1969), 
Johnson (19631, P a r E r  119741,  and 
Barbour and Major (1977) includes 
l i s t s  of plant species tha t  provide 
information about the dune f lo ra .  
Only a unall number of species a re  
cha r ac t e r i s t i c  of the  sand dunes; 
the re~naini ng are general l y  d i s t r i b -  
uted widely an nondune areas as 
well .  Appendix I I I  1 i s t s  the prin- 
c ip le  vascular ylant  species en- 
countered on the coastal dunes. 
Very 1 i t t l e  work has been done on 
the nortvascul a r  cryptogams and 
fungi. Miedemann (1966) l i s t s  the 
most common bryophytes he encoun- 
tered on the deflat ion pla ins .  
Leuthner (2369)  studied 1 ichen ha- 
b i t a t s  and associat ions on the  de- 
f l a t i on  plains.  

PLANT COWUNITIES 

Mast of the reports  writ ten on 

Johnson (1963) and Parker (19741 
looked a t  the coas ta l  dune vegeta- 
t ion of northern Cal i fornia .  
Barbour e t  a l .  (1976) describe the 
beach a n 7  dune vegetat ion of the  
Paci f ic  coast  of t h e  United S ta tes .  

The en t i r e  coas ta l  region is  
included in the Picea s i t chens i s  
Zone of Frank1 in a n d ~ i r n e s s  ( 1973) 
in which Sitka spruce (Pice3 
s i t chens i s )  and western heETEK 
nsuga  heterophyl l a )  a r e  the  domi- 
nant climax species .  In south- 
wcs tern Oreaon and northern Cali fo r -  
n ia ,  coast  redwood (Sequoia 
s e  ervl rens  (D.Dan) Endl . ) l%Zi%@S + increasing y important. However, 
coast  redwood has not been known t o  
occur on the  dunes. Si tka  spruce 
continues south to  Cape Mendoci no. 

The occurrence of a c l i m x  
 rimun unity 'I on sand dunes i s  a 
ra ther  unusual s i t ua t i on .  One of the  
most s t r i k ing  c h a r a c t e r i s t i c s  of the 
sand dune environment i s  i t s  ins ta-  
b i l i t y .  What i s  usually present  i s  
a mosaic of p lant  cornuni t ies  repre- 
senting a l l  of the  stages of devel- 
opment toward what might be consid- 
ered a climax comuni ty .  However, 
the communities making up t h i s  
mosaic a re  not necessar i ly  d i sc re te ,  
temporary "successional stages" in 
the  c l a s s i c  sense of " re lay f l a r i s -  
t i c s "  where one s e t  of p lan t  species 
i s  replaced by another unt i l  the 
climax i s  reached. 

the coastal dunes in recent  years In the f i r s t  place,  many spe- describe the vegetation i n  terms of cies of  later tend w he 
habi ta t  [USDA-SCS 1975,  Pinto et al. present almost fran the beginning,  Crook 1979a2 Battelle 19741* and f o r  the most p a r t  a r e  independent 

studies of dune vegetation of o t h e r  species in  t he i r  es tabl ish-  
tend to '' of ' de 'c r i~ t 've  'at''' ment and subsequent history i n  the (House 1934 a ,  b; Byrd 1950, EgSer 
1934; Cooper 2919, 1920, 1922, 1936). 
More recently,  detai l ed synecological 

( j  

s tudies ,  most based on f l o r i s t i c s ,  C f  imax comund t y  : a comuni t y  
have become avail  able. W iedemirnn permanently occupying a habi ta t  and 
ji966) and Kumf er f1963) studied the ~ h k h  pperpetuatPs i*,self indefinite1 y 
deflat ion pla ins  and ac t ive  dunes, unless dtsturbed by outside forces 
respective1 y, o f  the Oregon coast .  (Daubenml're 1968, p .  2 5 )  . 







Figure  32. Ye1 low sandverbena. Leaves round in outline, 2 to 4 m long; 
flowers yellow, 8 to 110 mn long. Sand Lake, Locality 9. May, 1964. 

f i n i s ) ,  seaside daisy (Erigeron 
7 a u c u s ) ,  coast eriogonun (Eriogonum ?"=- -- a t1T57"i urn 1 , and others .-rn 
cover my range from very open to 
cmpletely closed. European beach- 
grass can become established in "cis 
cornunity in i ts  early stages when 
rand is more active,  or  the com- 
munity can becorn established in 
stands o f  Eurapean beachgrass that 
have begun to deteriorate because o f  
a lack of blowing sand. Both 
because of: the spread o f  European 
beachgrass, and because o f  increased 
off-road vehicle ac t iv i ty  (Chapter 
61, t h i s  cornunity does not occur 
extensively any&ere. 

Mere sand i s  shifted by the 

wind only s l ight ly,  such as on shel- 
tered sand plains, old blowouts, 
o r  other di sturhed areas, the [4] 
FESTUCA RUBRA--SOL1 DAGO SPATHIJLATA 
CB~IMUNITY ( red fescue- -dune go1 den- 
rod) (Figure 36) develops. This 
can~nunity i s  found pritnarily in the 
north of the region, while in the 
south, the [5] ARTEMISIA PYCNOCEPHALA 
--SOL I DAGO SPATHULATA COI"IMUI\J I TY 
(beach sagewort--dune go1 denrod) i s 
vlore colninon, Other species found in 
t h i s  canmuni ty include seashore l u -  
pine (Lu inus l i t t o r a l i s ) ,  black 
knotwed ?-- l n u n  -i-?- aron chia) ,  and 
coast strawberry ( chi1 o- - -- ens is ) ,  The spec ies  CO~T!!IU - 
m e s  will a l s o  be found i n  deter i -  
orating Eurapean beachgrass stands, 



-" 

Figure  32 .  Seashore bl uegrass--beach pea comnunity. Mostly a mix ture  of sea- 
shore b luegrass  and beach pea. Beach morning g l o r y  i n  t h e  foreground; s i l v e r  
bursage on t h e  mound t o  t h e  l e f t .  South s p i t ,  Humboldt Bay, Loca l i t y  33. 
June ,  1983. 

F i g u r e  35. h e r i c a n  glehraia. Very 
F igure  34. Large-headed sedge. low-growing p l a n t ,  f r equen t ly  pa r t1  y 
P l a n t s  15 t o  20 cm high with l a r g e  b u r i e d .  ~mll, white  f lowers  i n  
f lower ing  heads. An impor tan t  sand several t i g h t  c1 users [ m b e l  s ) .  
pioneer s p e c i e s  i n  the north of  the Sand p ioneer  i n  t h e  seashore  blue- 
reg ion .  Sand Lake, L o c a l i t y  9. grass--beach pea community. Sand 
May, 1964. Lake, L o c a l i t y  9. May, 1964. 



Flgure 36. Red fescue--dune go1 den- 
rod comuni ty. There i s  consider- 
able bare ground b u t  the sand is n o t  
act ive,  Note patches of s i lve r  moss. 
This species is intolerant of sand 
burial .  Sand Lake, Locality 9. 
September, 1964. 

The damp, stab1 e sand surfaces 
of the Qflat ion plains provide ideal 
habi t a r  for  the rapid development of 
plant comunities.  In places where 
there i s  ample moisture, b u t  no 
standing water during any part  of 
the year, the t61 FESTUCA RUBRA-- 
LUPINUS LIT70RALIS COMUN ITY (red 
fescue--seashore lupine ) devel ops, 
This i s  the typical 'headow" of the 
sand dunes, and is the comunity 
that  i s  probably richest i n  numbers 
of species, T h i s  comunity does n o t  
seem to occur i n  northern Cali farnia.  

Where water stands on the sur- 
face for one to three months during 
the winter, the [?I JUNGUS FALCATUS 
--TRIFDLIUM W O W K J O L D  II COMUN ZTY 
( s ic  k1 e-1 eaved rush--springbank 
clover) i s  feund. T h i s  com~unfty {is 
also high in number of species. 
blhere water stands f o u r  to s i x  

months of the year, the C81 CAREX 
OBNUPTA--POTENTILLA PACIF ICA COM- 
MUNITY (slough sedge--Paci f i c 
s i l  verweed) occurs. 

In northern California, on the 
Humboldt Bay sp i t s ,  ocean waves oc- 
casi onal ly wash across the foredunes . 
I n  the low places where t h i s  water 
se t t les  , C91 ELEOCHARIS PALUSTRXS-- 
DISTICHLIS SPICATA COWUNITY (creep- 
i n g  spikerush--seashore sa l tgrass)  
appears, essentially a sand dune 
s a l t  marsh. Sand-dune sedge (Carex 

, curly dock (!y= c r i § s  
buttons (Cotuh coronopi - 

fol i a ) ,  and otheF-j7Ents charac- 
t e r i s t i c  of s l ight ly  saline habi tats  
are a? so found. 

Where there i s  permanent stand- 
ing water, such as the shallow 
margins of dune ponds and lakes, 
aquatic plant comuni t i e s  are found. 
These vary widely, depending upon 
such factors as water depth, water 
chemistry, and flucuation in water 
level. These are  n o t  treated in 
detail here, b u t  typically a [I01 
SPIRAEA DOUGLASII/TYPHA LATIFOLIA 
COMMUNITY (Doug1 as b spi rea/common 
cat- ta i l  ) would be found along the 
shallow edges of lakes and ponds. 

These herbaceous p l  ant comuni - 
t i e s  tend to be present in a complex 
mosaic over the dune landscape. A t  
any point along the environmental 
gradient from dry, unstable sand to 
very wet, s table  sand there will be 
i nwrgradati on of the comuni t i e s  i f  
the gradient i s  gradual. Very d i f -  
ferent comuni t i e s  , however, can 
appear side by side just as easi ly  
i f  there a re  sharp changes i n  the 
local environmmt. This i s  espe- 
c ia l ly  true where moisture i s  a 
controlling factor.  I t  should be 
psin&d o u t ,  too, that  the on?y 
species t h a t  are unique t~ sand dune 
areas are  those that  a re  adapted t o  
candi t i  ons of  b1 owing sand (essen- 



t i a l l y  comlunities 1 t o  51 A11 the 
others can he found on nondune a reas ,  
areas. 

In mny of these communities, 
individual shrub and t ree seedlings 
will be present quite early. Several 
types of shrub communi ty can develop* 
The f 11 3 GAULTHERIA SHALLON--VAC- 
CINIUM QVATUM COMUN ITY f salal --ever- 
green huc kl ebe rry ) wi 1 1 occur on 
drier  s i t e s  (sand plains,  slopes, 
and ridges) mainly in the north of 
the region; while in northern Cali- 
fornia the [ i 2 ]  BACCHARIS PILU- 
LARIS/SCROPHULAR IA CALIFORN ICA COM- 
MUNITY (chaparral broom/Cal i fornia 
figwort) i s  found on the dr ier  s i t e s ,  
with tree lupine (Lupinus arboreus) 
as a frequent assoc~ate .  an quiet 
sand plains and inactive blowouts, 
the unusual 1133 ARCTOSTAPHYLQS 
U V A - U R S I / R H A C O M I T R I U M  CANESCEMS ' -  
COMUNITY (kinnikinniklsilver moss) 
(Figure 37) can be found. Because 
such areas are favored by off-road 
vehicles, the occurrence of this  
community i s  becoming limited. In 
the wetter areas, where water stands 
to some extent during the year 
(deflation plains, swales ) , the [I41 
SALIX HDOKERIAOJA--MYRICA CALIFORNICA 
COMvlUNITY (Hooker wil low--Pad f i c  
wax-myrtle) i s  inast common. In a l l  
four of these communities seedlings 
of 1 odgepal e pine ( Pinus contorta ) 
are almost always foiZ&-while many 
of the wetter s i t e s  will also have 
Sitka spruce seed1 ings. 

The most cornn~on forest  cornmunity 
i s  the  f15] PINUS CONTORTA/RWO- 
DODEklDRON WCKOPHYLLUM COMMUNITY 
( lod epole pine/wes tsrn rhododen- 
dron? (Figure 381, devel oping mostl y 
on the higher, well-drained s i tes .  
When mature, a t  about 100 yrs ,  these 
forests  have open canopies, and i t  
i s  not unusual t o  find Douglas f i r  

Figure 37.  Kinni kinnick--si1 ver mass 
community. The ground i s  completely 
covered by the two species. Eventu- 
a l l y  the kinnikinnick shades out the 
moss and lodgepole pine becomes es- 
tablished. Sand Lake, Locality 9. 
September, 1964. 

( Pseudotsu a rnenni esi i both as 
young --+ an canopy t r e s s .  In northern 
California, rhododendron i s  absent 
i n  these forests ,  but wavy-leaf 
s i lk-  tassel (Garrya el  l i  pt ica)  , 
'linfrerruent in tl%-%Zth, i s  comon. 
T ~ E  [ 161 PI NUS CONTORTA/ARCTQSTA- 
PHY LOS COLUNBIAMA COMMUNITY (1 odge- 
pole pine/bristly manzanita) i s  
frequently encountered on sand ridge 
tops and other dry s i t e s  h e r e  the 
forest  canopy i s  open. Reindeer 
rnoss (Cladonia -- - rangiferina ( L .  ) Web. 
i n  ~i g g y r  i s  commonly present. 

On the deflation plains, a [I71 
PICEA SITCHEMSIS--PINUS CDNTORTA/- 
SALIX WOOKERIM/EURVPaCHIUM OREGA- 
NUM "' COMMUNITY (Si tka spruce-- 
1 odgepol e p i  ne/H ooker w i  11 ow/Osegon 
beaked moss ) devel ops, The re1 at i  ve 
amounts o f  Sitka spruce and lodge- 

i%Rhacomi trimm canescenr . (Hedw. ) -- --..- 
Brid.  ' ' ~ u r h j n c h i  - urn oreganum (Sul l  . ) Jaeg. 
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Figure 38. Lodgepol e p i  nelwestern 
rhododendron commun i ty . Approxi - 
m t e l y  100 yr  old pine fores t  north 
a f  Florence, Locality 19. Trees are 
dying and fa l l ing  over, opening the 
canopy. Note the western hemlock in 
the center of the photograph. Sep- 
tember, 1944. 

pole pine present in any stand will 
Vary  cons iderably, dependi ng upon 
such factors as seed supply and ex- 
posure t o  wind and s a l t  spray. Usu- 
a l l y  the lodgepole pine i s  i n i t i a l l y  
dense and provides she1 t e r  to the 
Sitka spruce seedlings, which are  n o t  
t ~ l e r a n t  o f  s a l t  spray. In these 
r i  tuat i  on s , the Si tka spruce become 
evident &en they reach about 4 m in 
height, and begin ta grow more 
rapidly than the lodgepole pine* 

Where water stands a good part  
of the year, a f 181 PINUS CQNTORTAI- 
CAREX OBWUPTA CMH3NEYY ( 1  odgepof e 
pine/sl ough sedge) i s  cornmanly 
found, Sphagnum mass (Sphagnum 

spp.) can occasionally be found i n  
these places. Also in wet habi tats ,  
b u t  where acid bog conditions have 
developed through l ong accumulation 
of organic matter, a El91 THUJA 
PLICAVAjLEDUM GLANDULOSUM COMMUNITY 
(western red cedarjmoun tain Labra- 
dor-tea) can occur. Sphagnum moss 
i s  frequently present, and, i n  a 
very few places, the California 
pitcher plant (Darl ingtonia ca l i for -  
nica) has become establ ished. 

Given enough t i m ,  c l i m x  type 
forests  can develop. Only small 
areas ex i s t  on the present day dunes. 
On the higher, dry s i t e s ,  the [201 
PSEUDOTSUGA MENZIES I I /RHODODENDRON 
MACROPHY LLUM COMMUNITY (Doug1 a s  f i r /  
western rhododendron) eventual 1 y 
devel ops from the ini t i  a1 1 odgepol e 
pine forest .  Western hemlock i s  a 
frequent associate. In northern 
Cal i forni a ,  grand f i r  (Abis  randis) 5 occurs with the Dougla'ScFir on t e 
dunes. On the more moist areas the 
"zonal " or "c1 imatic climax" can 
develop: [21] TSUGA HETEROPHYLLA-- 
PICEA SITCHENSIS/GBULTHERIA SHALLON 
/BLECHNUM SPICANT COMMUN ITY (western 
hem1 ock--Si tka spruce/sal a1 /deer 
fern).  Very l i t t l e  of th i s  type of 
forest  i s  found on the dunes. 

The successional re1 ationshi ps 
that  can be traced among these com- 
munities are i l lus t ra ted  in Figure 
39. Some of these relationships my 
be easy to see in the f ie ld ,  while 
others are a b i t  tenuous simply 
because the 'Qivi ding 1 ine" between 
cornunities may be vague. The 
AMvlOPHILA ARENARIA and the ELYMUS 
i4OLLIS--ABRONIA LATIFOLIA COMMUNITIES 
are a sor t  of "pioneer climax" 
because of the ins tab i l i ty  o f  the 
habi ta t .  Vegetation becomes estab- 
I i shed ; hummocks form and then 
erode away to refom elsewhere. 
Occasional ly stabdl i ra t ion of  these 
hummcks takes place because of 
reduced erosi on. 



Q) 'm a 
L & + L ~  
3 r A T B  m m m * B  
.r- OF- a s  
tr, ~ n n e  



In general there are  no succes- 
sional relationships among the five 
herbaceous comuni t i  es that  devel op 
on s i t e s  with varying degrees of 
sand ac t iv i ty  and levels of soil 
moisture, However, both the FESTUCA 
RUBRA- -SOL1 DAGO SPATH ULATA COMMUNITY 
and the POA WCRANTHA--LATHYRUS 
LITTORALIS COMMUNITY could be 
succeeded by the FESTUCA RUBRA-- 
LUPINUS LITTORALIS COMMUNITY i f  
moisture conditions are  favorable. 

The shrub communities invariably 
follow on from one of the herbaceous 
communities. Close to  the shore, 
shrub vegetation may pers i s t  indefi- 
n i  t e ly  because wind and s a l t  spray 
inhibi t  the growth  of t rees .  Trees 
may be present, b u t  they never grow 
tal  l e r  than the predominant shrubs. 
The forest  c o m n i  ti es usual ly 
succeed the shrub comuni t i e s ,  b u t  
i t  i s  not unusual for  the t ree  
species to  become established i n  the 
herbaceous vegetati on. When th is  
happens, thickets of e i ther  1 odgepole 
pine or Sitka spruce can develop 
tha t  grow into of der forests  having 
a m i n i m u m  of understory vegetati on. 

PLAEITS AND THE ENVIRONMENT 

Plants growing on coastal dune 
areas encounwr a number of adverse 
env i ronmen.t;al condi t i  ons : substrate 
ins tab i l i ty ,  so i l s  poor in nutrients,  
strong w i n d s ,  s a l t  spray, and soil  
wal;er s i tuat ions ranging from defi- 
c ien t  tx, p e m n e n t  standing water. 
Some of these factors  a re  r e s t r i c t ive  
in that  only plants w i t h  special 
adaptive features can t o l e r a b  them. 
Only plants tha t  can grow through 
covering layers of sand will g r w  i n  
unstable areas.. Extensive t i l l e r i n g  
by European beachgrass, the *izomes 
of large-headed sedge, the vines o f  
beach w r n i n g  glory, and the thick 
rootstocks of sandverbena are  a l l  
examples of such adapution,  Large 
seeds w i  t h  a food-s torage capaci ty 

tha t  permits germinating seedlings 
to  grow through a deep sand covering 
i s  another example of adaptation 
found in American glehnia and beach 
pea. 

Strong winds and wind-borne sal  t 
spray have a significant e f fec t  on 
plant l i f e ,  especially near the 
shore. The main effects  a re  defor- 
mation of growth  form and injury t o  
the growing tips.  Many shrubs and 
trees respond by developing a low, 
much-branched , bushy growth form-- 
lodgepole pine i s  a good example. 
Others, such as Sitka spruce, a r e  
intolerant of such exposure, and can 
become established only i n  the 
she1 te r  of other plants. In some 
areas, devel opment of vegetation i s  
restr ic ted to  a low, compact growth 
form. Many trees my be present in 
the apparently dense shrub cover, 
b u t  the growth of both t rees  and 
s h r u b s  i s  restr ic ted to a uniform 
"wind-pruned" height. As distance 
from the shore increases, the height 
of the vegetation increases u n t i l  
some distance inland the t rees  actu- 
a l ly  dominate and fores t  prevail s. 

Because of the high annual 
rainfal l  and cool temperatures, soil  
water i s  rarely lacking, even on 
exposed dune ridges . Wate r def i - 
ciency may occur a t  the end of long, 
dry summers or i n  years of abnormally 
low ra infa l l .  High ra tes  of evapo- 
transpi ration caused by strong, 
constant winds can be a problem, 
especially near the shore. Plants 
of these areas have adaptations to  
prevent water loss: leaves that  
rol l  up  longitudinally on European 
beachgrass and American dunegrass; 
thick, waxy cuticles on the leaves 
of coast strawberry; and thick, 
hairy leaves on s i lve r  bursage. 
Adaptations to high water table are  
necessary to  plants on deflation 
pl ain s and i nQrdune hol l ows . Rush, 
willow, and sedge species a re  
cornonly found i n  wet habitats.  



The lack of essential plant  
nutrients poses an interest ing 
problem on dune so i l s .  Plants 
become established and seem to 
flourish on a substrate tha t  appears 
t o  be devoid of such nutrients.  The 
foredune supports a large amount of 
vegetation, especially European 
beachgrass. Ranwef 1 (1972, p. 166) 
discusses the role of bacteria and 
fungi as suppliers of nitrogen. 
Data from studies i n  Great Britain 
show high concentrations of these 
organisins in dune sands supporting a 
cover of European beachgrass. Van 
der Valk (1974), working on the 
A t l  antic coastal dunes of the United 
Sta tes ,  determined that  the annual 
input o f  p ~ t a s s i m ,  sodium, calcian, 
and magnesium from s a l t  spray and 
precipitation exceeded the 1 oss of 
these nutrients t o  leaching and 
plant use. The retention capacity 
of these dune s o i l s  is very low, b u t  
input of nutrients i s  continuous. 

By contrast ,  the development of 
plant cover on h i g h  sand plains away 
from the shore and with l i t t l e  sand 
movement i s  very slow. When European 
beachgrass i s  planted on these 
areas, appl ications o f  f e r t i l i z e r  
always produce dramatic increases in 
growth. In one case, aerial  spray- 
ing of f e r t i l z e r  overlapped onto the 
adjoining sparse FESTUCA RUSRA-- 
S O L I O A G O  S P A T H U L A T A  COb l t l l JN ITY  , re- 
sulting in the r a p i d  grc3wth o f  the 
red fescue into a dense, continuous 
cover. I n  these s i tuat ions the lack 
of  nutrients clearly l imi ts  plant 
grwth.  On older dune so i l s ,  exces- 
sive drainage, ac id i ty ,  and poor 
nutrl'ent s ta tus  are 1 imi t i n g  factors .  
Plants found on these s o i l s  a re  
characteris t i c  of these conditions 
wherever they are  found:  lodgepole 
pine, wes te rn  rhododendro~ , and  
~ r i ~ t i y  matlzirni t a  , Stiidies i i f  sand 
dune pl ant--soil relationshi ps have 
been 1 i  m i  ted. 

FAUNA 

The northwest Paci f i c  coast 
region i s  included in i t s  ent i rety 
i n  Shel ford ' s  (1963) "heml ock--red 
cedar--wapi t i  assocation" o f  the 
"rainy western hem1 ock forest  
bi ome. "I" The character is t ic  
large mammals of t h i s  association 
include the wapiti, or Roosevel t 
e lk ,  black-tailed deer, bobcat, and 
black bear. Of the many small mam- 
mal s ,  the deer mouse, snowshoe hare, 
and Douglas squirrel a re  very com- 
mon. The Red Crossbill ,  Chestnut- 
backed Chickadee, and Stel l e r ' s  Jay 
a r e  abundant and character is t i c  
bi rds. 

The coastal sand dunes a re  a 
"faciation" (a  subdivision of an 
association 1 of the heml ock--red 
cedar--wapiti association, and in 
general r e f l ec t  i t s  fauna. Pinto e t  
al 11972) l i s t  426 species of wil& 
"Tife (bi rds, f  i sta, she? 1 fish , mam- 
mal s ,  amphibians, and r ep t i l e s )  t ha t  
inhabi t  or  use the Oregon Dunes 
National Recreation Area and offshore 
waters. This number includes animals 
of nondune ( b u t  adjacent) habi t a t s ,  
and animals that  have not been 
actual ly  observed, b u t  are expected 
to  use the various habitats.  Records 
f o r  other dune areas a re  meager. 

Very l i t t l e  informtion is 
available on the ecology and behavior 
of sand dune animals. Reardon (1959) 
studied the mammals of the dunes on 
the Oregon coast, especially the 

14?b is  biorre includes the - Picea 
sitchensis zone and the Tsuga heter- 

one (Sitka spruce and 
nlock) of Franklin and 

Eyrncss (1973)  . ss well as the 
52q29 iz  semp?rv<r~?~s (coast redwood) 
farests o f  =uthern Oregon and 
northern Cal i f s rn i a .  



adaptive behavior  o f  the common deer 
mouse f Peroqyscus m n i c u l  atus ) on 
the fares ted  dune remnants. W i l son 
(1980) s tud ied  the nes t i ng  ecology 
o f  the Snowy Plover  (Charadri  us 
a lexandr inus) .  Maser e t  a l .  w X ~  
prov ide  d e t a i l e d  descr ip t ions  o f  the  
na tu ra l  h i s t o r y  of 96 coasta l  mam- 
mals, b u t  t he re  i s  no s p e c i f i c  d i s -  
cussion of the  sand dunes and t h e i r  
animals. 

The i nve r teb ra te  fauna o f  the  
dunes i s  very poo r l y  known. Exten- 
s i v e  research i n  Europe (Ranwell 
1972) i n d i c a t e s  t h a t  sand dunes 
support many k inds  o f  inver tebra tes  
w i t h  complex i n t e r a c t i o n s .  She1 f o r d  
(1963, p. 2281 describes the  charac- 
t e r i s  t i c  i nve r teb ra tes  f o r  a number 
o f  dune h a b i t a t s  on the Oregon coast  
(Table 9 ) .  The bee faunz o f  the  
coasta l  dunes a t  Humboldt Bay 
( L o c a l i t y  33) has been s tud ied  b y  
Gordon (1983), His  work covers 
f l o r a l  v i s i t a t i o n ,  species d i s t r i b u -  
t i o n s ,  n e s t i n g  l oca t i ons ,  f l i g h t  
seasons, and abundance estimates. 
There i s  a l so  much i n t e r e s t  i n  the  
r a r e  and endangered Oregon s i l v e r -  
spot b u t t e r f l y  which occurs on some 
dune areas ( S t i n @  1982). 

WILDLIFE HABITATS 

Many d i f f e r e n t  systems o f  c lass-  
i f y i n g  landscapes on the  bas is  o f  
h a b i t a t  have been developed. The 
s implest  i s  based an vegeta t ion  l i f e  
farm lphys i  ognomy ), and some condi - 
t i o n  o f  the  subs t ra te  ( u s u a l l y  the  
arnount o f  w a k r  present) .  For  the  
coas tin1 dune sys terns seven h a b i t a t s  
can be e a s i l y  i d e n t i f i e d :  open 
dunes, grass1 and and meadow, shrub 
t h i c k e t ,  fo res t ,  mr"sh, r i p a r i a n ,  
and lakes and ponds. The waters a f  
r i v e r s  and streams f l ow ing  through 
the  dunes a r e  n o t  considered dune 
h a b i t a t  here because o f  t h e i r  o r i g i n  
and te rminat ion  i n  such widely  d i f -  
f e r e n t  ecosystems. The borders of 

these streams are, however, a spec ia l  
dune h a b i t a t  ( r i p a r i a n ) .  

Each o f  these h a b i t a t s  has a 
c h a r a c t e r i s t i c  fauna, b u t  many 
animals w i l l  be found i n  more than 
one hab i ta t .  Also, based on c u r r e n t  
knowledge, none o f  the  hab i ta t s ,  as 
they occur on sand dunes, a r e  c r i t i -  
ca l  t o  the  ex is tence o f  any animal 
species. (Both t h e  Snowy P lover  and 
Oregon s i l v e r s p o t  b u t t e r f l y ,  d i s -  
cussed i n  Chapter 6, u t i l i z e  nondune 
hab i ta t s . )  However, knowledge o f  
t he  dune fauna, e s p e c i a l l y  the  i n -  
ver tebrates,  i s  incomplete, and i t  
cannot be assumed t h a t  t he re  are  no 
animals t h a t  are e n t i r e l y  dependent 
on dune h a b i t a t  f o r  t h e i r  ex is tence.  

From o ther  perspect ives,  a l l  o f  
t h e  dune h a b i t a t s  can be considered 
c r i t i c a l .  Wet1 ands genera l l y  a re  
considered c r i  t i c a l  hab i ta t s .  The 
dune marsh, r i p a r i a n ,  and lakes and 
ponds h a b i t a t s  a r e  inc luded i n  t h e  
pa1 us t r i ne ,  l a c u s t r i n e ,  and r i v e r i n e  
systems o f  the U.S. F i s h  and Wi ld-  
l i f e  Service k c1 ass i  f i c a t i  on of 
wet1 ands and deep-water habi t a t s  of 
t he  Un i ted  States (Cowardin e t  - a l .  
1979). The marsh, r i p a r i a n ,  and 
o l d e r  f o r e s t  ( e s p e c i a l l y  snags) a r e  
considered c r i t i c a l  h a b i t a t s  as d i  s- 
cussed by P in to  e t  a l .  11972, p. 49) 
and Proc tor  -- e t  a l 7  CFJeK), Vol . 2).  

As noted i n  the f o l l o w i n g  d i s -  
cussions, a number o f  these dune 
h a b i t a t s  can be consi dered c r i t i c a l  , 
e i t h e r  because they are unique t o  
the  dunes (open dunes), o r  because 
t h a t  h a b i t a t  on the  dunes c o n s t i t u t e s  
a major p ropo r t i on  o f  t h e  t o t a l  hab i -  
t a t  area o f  t h a t  type along the  coast  
(meadow, marsh, lakes and ponds). 
A l l  o f  t he  animals l i s t e d  can be 
found i n  s i m i l a r  liondune hab i ta t s ,  
bur, 55 the dune Rabi t a t  i s  a i l  there 
i s ,  then i t  becomes c r i t i c a l l y  
important.  



T a b l e  9 ,  lnver tehrs te  sninal s o f  the Paci  f i c  Florthwest coas t  dunes. (Adapted 
frov SShelford 1?63.) 

Hzbi t a t  Invertchrates 

Fieador-/!Grass1 and On sand: -- 
A n t  (Fornica Ias io ides )  (These 3 species 
A n t  (m - cncsccns 1 counted a t  
Spider, 7 rrma tu re ,  s m ? o l  ored 60 per m2) 
Coast t i g e r  beet7 e ( C i  c i  ndel a be1 1 i ssima) - Smal l numbers 
Scarabacid beet1 e (Polyphyl l a  deciml inea ta )  - Dug fron sand 

On grasses:  - 

Pelyids 
Beetles 

S h r u b  T h i c i c t  In a n d  under vegetation: 

Tenebrioni d beet le  (Cocl us c i f  i a t u s f  
Tenchrr'onid beetle (-ST 
A n t  (Fornica 
A n t  (m 
CI ick- G e  
§pi dcrs ,  three  types 

In and on f a l l en  t r e e  trunks:  

A n t  f Formica fusca neoruf i barbi s ) 
t enescens A n t  r m  fuSca s u b ?  

A n t  I sansabeanus vici  n u s )  
Te rr;i i IQDS~S anaust-EZlTZ) 

I n  undergrowth: 

Click beet le  (Ctenicera bonbyci nus) 
Click bee t l e  ( f 
Robber f 7 y 
Neuropteron (Aqull a )  -- 



Table 10 l i s t s  the dune habi- 
ta ts  and shows their relationship 
t o  dune forms, plant communities, 
and other classification systems. 
In the following discussions, a few 
characteristic animals are 1 is  ted 
for each h a b i t a t .  Appendix I V  l i s t s  
the vertebrate animals t h a t  are 
known to occur (based on observation) 
in each of these habitats. 

Open Dunes 

Unvegetated sand plains, blow- 
outs, transverse ridges, and oblique 
dunes are all  areas that provide 
1 idtle or no cover for wildlife. 
Many animals, from large mammals to 
insects, cross these areas, I t  i s  
not  uncommon, for example, to see a 
rough-skinned newt slowly making i t s  
way across a wide stretch of sand. 
Otherwise l i t t l e  apparent use i s  
made of them. One exception i s  the 
use of the sand a t  the windward base 
of the foredune, especially a t  the 
ends o f  sand spits, by the Snowy 
Plover for nesting habitat. Another 
kind of use, easily observed in 
s u m r ,  is  the Feeding by swallows 
above the open dunes. 

I t  i s  also becoming apparent 
that there my be invertebrate 
animals t h a t  make extensive use of 
open sand areas {Figure 40). Gordon 
(1983) l i s t s  43 species of bees in- 
habi t i  ng undisturbed dune ecosystems, 
many utilizing open dune areas 
(Figure 41; Table 11 ). Some of these 
may be restricted ta this habitat. 
No known work o f  a similar nature 
has been carried out on the Oregon 
and Washington dunes. 

The open dune habiwt is  poten- 
t ia l ly  a critical and endangered one. 
European beachgrass, by i t s  rapid 
spread, i s  reducing the area of open 
dunes; while t h e  disturbance of off- 
road vehicle activity can make habi- 
tation or use o f  these areas by ani- 
mal s difficult or impossible, 

Figure 40. Insect tracks and burrows 
on open sand. Patterns such as this 
tend t o  be concentrated around 
plants such as the beach evening 
primrose in this photograph. North 
spit, Humboldt Bay, Locality 33. 
June, 1983. 

Figure 41. Area of bee burrows on 
open sand. Lanphere-Christensen 
Dunes Preserve, Humbol d t  Bay, Local - 
ity 33, June, 1983. 



Table 18. Charac te r i s t i cs  and c l a s s i f i c a t i o n  o f  sand dune w i l d l i f e  h a b i t a t s  o f  t he  P a c i f i c  Northwest 
Coastal Region. 

Habitat Characteristic dune forns 
U.S. Fish and Wildlife Service I1.S. Forest Service 

Characteristic plant comuni t ies  wetland c lass i f ica t iona  habitat  c lass i f ica t ionb 

Open dunes Sand pl aln,  oblique dune, transverse None 
ridge, parabola dune, blowout. 

None None 

Grassland and Foredune, sand h u m c k ,  deflation pla in ,  European beachgrass; red fescue-- Palustrine, emergent (PEH) . Foredune (FD), humocks (WS, IM, I IA),  
neadow sand plain. seashore lupine; seashore bluegrass- deflation plain (DG! 

beach pea 

Shrub thicket Sand plain, deflation plain,  dune ridge, chaparral brom/California figwort; Palustrine, scrub/shrub (PSS). Deflation plain (DGL, D T ) ,  
swale sa la l  --evergreen huckleberry; Hooker plantations I P )  

will ow--Pacific waxnyr t le  

a, Forest Sand pla in ,  deflation plain,  dune ridge, lodgepole pine/western rhododendron; Palustrine, forested (PFO). Deflation plain (DSTI, fores t  ridge 
remnant fores t  mound. Si tka spruce--1 odgepole pinefHooker (SFF?), t rans i t ion  fores t  (TF, TFOI 

W w i  1 low/Oregon beaked noss; Doug1 as 
fir/western rhododendron 

Harsh Deflation plain,  swale. 

Riparian Any of the preceding. 

Lakes and Epheneral ponds, dune lakes. 
ponds 

slough sedge--Pacific s i lverwed;  Palustrine, emergent, scrub/shrub Marsh ( M )  
Hooker wi llow--Pacific wax-myrtle (PSS (PEMI. 

Any of the preceding. None. Riparian, lakeside ( R - L l  

Douglas's spi r ea f cmon  cat - ta i  1 Lacustrine, l i t t o r a l  and Lakes - ponds (L -P )  
l innet ic  (R1 ,R2). 

a Based on Topical Wetland Overlays Coos Bay 1 (Reedsport) and Coos Bay 2 (Coos Bay), fn conjunction with "Information and legend for  large scale  
d r a f t  topical overlays", National Wetlands Inventory, U.S. Fish and Wildlife Service. These overlays show 23 Palustrine napping uni ts ,  
6 Lacustrine uni ts ,  and 4 Riverine units for  the dune areas. Associated Marine and Estuarine units were not considered. 



Table 11. Bee species found by Gordon (1983) on the coastal sand dunes of 
Hunbol d t  Bay, Ca1 ifornia.  

Andreni dae Col l e t i d a e  
Andrena (Andrena saccata Viereck) Colletes  hyalinus o re  onensi s Timber1 ake -- 
Andrena (~elandreT;a?SIT: 1 

,-A+- c i t r ~ n l  rons ( C k l l )  

y ; a n ; r e n a F  :;: : maritimus Bridwell 
n  rena ( y an rena 

Halictidae 
Dia l ic tus  c a b r i l l i i  (Ckll)  

Anthophori dae 
Antho hora urbana urbana Cresson 
Cerati n ~ z m e x a c a n t h a  Provancher a-  so on furcatus erni  ' m e s s o n )  
m s m a * e s s o n )  
T&XZ%Xinus iltobertson) 

Api dae 
A i s  m i l l i f e r a  Linn Hegachil idae 
l 6 ~ 6 o b o m b u s )  cal  i fo rn icus  Smith Anthidium a l l i v e n t r e  Cresson 

oel iox s  f G G % F l T o x  s l  r u f i t a r s u s  Smith 
e  ac 1 e  a n t  osaurus e r i h i r t a  Ckll 

B - b  F%i%EXE) mixtus Cresson Gk%! I ~ b e v m s  Cresson 
&eb h n % & t e r a l  i s  CXI  Mitchell l 

E i 6 Z  (Bombus) occ iden ta l i s  Greene Osmia (Chenosmia) dolerosa Sandhouse 
7ZFZ ( A c a n t h o s m o i m e  ra Cresson 
GiiG (osmia) l iqnar ia  E$- 
Osr;iiB ( E T Z h o m  h s a r i a e  Ckll 
'E?I?s n e l y n i a )  l euco t r ic  -11) a 

Grass1 and and Meadow -- ---- - -- 
This habitat  includes the dr ier  

European beachgrass-dominated fare- 
dunes and hummocks, the grass1 ands 
of the s tabi l iz ing sand ridges and 
plains ,  and the more moist meadows 
of  the deflation plains. Areas with 
widely spaced l o w  shrubs are a l s o  
included. The most common birds 
seen in these areas include the 
Savannah Sparrow, Wh i te-crowned 
Sparrow, Gol den-crowned Sparrow ( i n  
winter),  Song Spar ro~ ,  Meadowlark, 
American Go1 df i nch, Northern Harrier, 
and American Kestrel. Both striped 
s k u n k  and the Beechey ground squirrel 
are frequently seen, the l a t t e r  uti-  
l i z ing  the hummocks for burrows and 
feeding on t h e  seeds of European 
beachgrass. The deer mouse i s  com- 
mon, b u t  not easily seen. Common 
gar te r  snakes and the Pacific t ree  
Frog are the most cornonly seen 
rep t i les  and arrtphibians. T h e  rare  

Oregon si7 verspot butterfly occurs 
on a few dune meadows close to the 
shore (see discussion under "endan- 
gered species", Chapter 6 ) .  The 
tracks of insects and other inverte- 
brates are frequently seen in the 
more open areas of t h i s  habitat .  
The large debris nests ( u p  to a 
meter t a l l  ) of mound-building ants  
are encountered i n  somewhat more 
shrubby areas. 

Meadows are not extensive a1 ong 
the coast, occurring mainly on dunes 
and rocky headlands. Loss of meadow 
by natural succession to forest  i s  
probably balanced over the long term 
by the creation of new meadow by re- 
newed sand ac t iv i ty  and other de- 
struction of forest .  Meadows very 
close to the shore (incl uding head- 
lands) are probably maintained for a 
long time because o f  the effects  OF 
s a l t  spray and wind, Extensive use 
of natural dune meadows, both for  



agri cu1 ture and urban development, 
resul ts  in a loss of habitat  that 
may approach the c r i t i ca l  stage for  
some speci es ( the Oregon si 1 verspot 
butterfly i s  a good example). 

Shrub Thickets 

Shrub thickets can range from 
low-growing ( 1  t o  2 m) vegeta t ion  
that i s  dense b u t  not completely 
c losed ,  t o  La11 ( 2  t o  4 m),  dense, 
impenetrable stands of shrubs and 
young trees.  These thickets are  
found on sand ridges and sand plains 
in the process o f  stabi l izat ion and 
on deflation plains. Brush rabbits 
and black-tailed deer are common i n  
this  habitat, along with deer mice 
and Townsend's voles. A greater 
variety of birds use this  habitat. 
I n  addition to those found in the 
meadow habitat ,  the most commonly 
seen jncl ude Bushti t, American 
Robin, Rufous Humingbird (summer) 
and Ye? low-rumped taarbl e r  (winter). 
The rept i les  and amphibians are  
simil ar t o  those of the meadow 
habitat. 

Shrub thickets are common along 
the coast. Huinan ac t iv i ty ,  such as 
1 ogging, creates more such habitat .  
I t  i s  probably leas t  c r i t ica l  of a l l  
dune habitats in terms of loss  of 
area. 

Forest 

The dune forest  habitat  tends 
to have enough of an open canopy t o  
permit the development of a dense 
shrub layer. Younger forests may 
t e n d  toward the shrub thicket type 
of habitat ,  while older forests  will 
dpproach the c? imx  forest  s i  tuation 
with very large t rees ,  closed canopy, 
and sparse shrub and herbaceous 
tlnrlerstory. T h i s  l d t t a r  t y p ~  i s  nclt 
corn-only e~coiin&red on the dunes. 
The forest  habitat  has a great d i v e r -  
s i t y  of wil dl i f e .  Dead trees s r  

snags a re  common and u t i l i z e d  by many 
animals. Cavity nes t e r s  such as Tree 
Swall ows, woodpeckers, and owls use 
snags as nesting s i t e s .  Birds of 
prey--Red-tailed Hawk, Osprey, and 
Bald Eagle--use thm for perching 
s i  tes. Pi1 eated Woodpeckers a re  
seen on snags in the older forests.  
These forests  a re  a l s o  uti l ized by 
Great Bl ue Herons fo r  the establish- 
ment of heronries. A large number 
of resd dent passerine birds uti l  ize 
these Forests: Stel  l e r  ' s  Jay, Black- 
capped Chickadee, Bush t i t ,  Wrenti t, 
Bewick's Wren, Go1 den-crowned King- 
1 e t ,  Ruby-crowned K i  ngl et, Cedar Wax- 
wing, Purple Finch, Dark-eyed Junco, 
Song Sparraw, and others .  Among 
inamal s ,  the Paci f i c  mole, racoon, 
Townsend's chipmunk, chickaree, 
bushy-tailed woodrat, and black- 
ta i l  ed deer are  character is t ic .  
Rough- sk i nned newts, Paci f ic  t r ee  
frogs, garter snakes, and northern 
a1 1 i ga tor 1 i zards are common rept i  1 es 
and amphibians, 

Young forests  (100 yrs or l e s s )  
are  extensive on dune lands in some 
areas. They develop rapidly in most 
cases, once ' s t ab i l  i i a t i d n  begins, es- 
pecially on deflation plains. Older 
forests  are ra re ,  not only on the 
dunes, b u t  a l l  along the  coast. The 
c r i  t ical  el emen t s  of these forests  
a re  the large t rees  and dead and 
dying trees so jmportant to certain 
species. Any reduction of such habi- 
t a t  tha t  s t i l l  ex i s t s  i s  c r i t i c a l .  

Marsh 

Areas with standing watett?r most 
of the  year  and w i t h  a variahle 
arnoetnt a f  vegeta t f ve cover def  ir ie the 
marsh h a b i t a t .  Low d e f l a t i o n  o l a i n s ;  
swales; very §ha1 f ow, sonetimes 
ephe:neral, d u n e  ponds ;  and the 
edges of larger ponds and Sakes are 
examples of  such areas ,  The v e g e b -  
tian can range from grasses and 
sedges t o  shrubs to  open forest .  
Grebes, several sgeci  es of duck, and 



Tundra Swans use th i s  habi tat  exten- 
sively during the winter. Resident 
birds  include Great Blue Heron, 
Mallard, Wood Duck, American Coot 
and Common Snipe. Mink ,  beaver, and 
muskrat a re  character is t ic  mammals, 
while rough-skinned newts and several 
species of frogs are commonly seen. 

As a wetland, marsh i s  consid- 
ered c r i t i c a l  habitat  almost every- 
where i t  occurs. Along the immediate 
coast, almost a1 7 marshes a re  associ - 
ated with the dune areas. The total  
area is limited, and losses can be 
c r i t i ca l  to the large numbers of 
animals dependent on marsh habitat 
a t  some stage in the i r  l i f e  cycles. 

Riparian --- 

The vegetation bordering dune 
ponds and lakes, and the streams 
flowing through the dunes i s  a 
special habitat. Irl terns o f  species 
and growth form, th i s  vegetation i s  
generally of the same kind as tha t  
found on adjoining deflation plains 
and other dune areas. I t  is the re- 
latfonship to open or flowing water 
that; is  significant.  While the ani- 
mals u t i l iz ing  th i s  habitat  include 
many found in other habitats,  same 
a r e  mare l ikely Lo be found here: 
shrews of several species, r iver  
o t t e r ,  the while-footed vole, Pacific 
jmping mouse, and several species 
of saf amander. Qf the birds,  the 
Be1 ted Kingfisher is comon here al l  
year,  while in sumer the Osprey and 
several species a f  swallw are con- 
spicuous residents and users of th i s  
hab i t a t .  

The greatest  threats  to th i s  
habitat are  logging (especially along 
r ivers ) ,  and comercial  devel opment 
(around lakes). The amount of r iver  
riparian habi tat  on the dunes is 
small, b u t  there are  many lakes and 
ponds. Because most coastal lakes 
and ponds are associated with the 
dunes, any loss  of t h i s  dune habitat  
affects the to ta l  habitat  available. 

Lakes and Ponds - 

Dune lakes and ponds vary con- 
siderably i n  s ize ,  b u t  almost a l l ,  - 
even the smallest, are host t o  vari- 
ous kinds of animals. As many as 20 
species of f ish are  found, mostly in 
the larger marginal lakes such as 
Tahkeni tch and Sil tcoos . Rough- 
skinned newts, r iver  o t t e r ,  beaver, 
and . muskrat are comon i n  this  
habitat. Most o f  the b i r d s  u t i l iz ing  
the marsh habitat  are also found 
around the lakes and ponds, especial- 
ly the overwintering species. In 
addition, loons, Great Egret, and 
several addi ti  onal species of duck 
are  winter users. Characteristic 
residents include the Common Loon, 
Doubl e-Cres ted Cormorant, Great 51 ue 
Heron, and American Coot. 

As wetlands, lakes and ponds 
are c r i t i ca l  habitats. Al though 
re? a t i  vel y numerous through th is  
coastal region, they do not consti- 
tute  an extensive total  area. High 
levels of human ac t iv i ty  and pollu- 
tion are both factors which can 
af fec t  animal use, especially on 
small er bodies of water. 



CHAPTER SIX 

HUMAN IMPACT 

Coastal dune lands a t t r a c t  the  
a t tent ion of people wherever they 
occur. In areas  with a long h i s to ry  
of i ncreasi ng human popul a t i  on, sand 
dunes becorne an important land re-  
source. Along the  coasts  of Europe, 
pa r t i cu la r ly ,  many of the extensive 
sand dune a r m s  have been so a l t e r ed  
by human a c t i v i t y  over the  pas t  f i ve  
centuries tha t  t h e i r  original  nature 
cannot be iletenliirled (Ranwell 1972,  
Chap.  13) .  

Heavy grazing, defores ta t ion,  
water ext ract ion,  and introduced 
species have a l l  had an impact on 
these European dune systems. One 
s t r i k ing  example was the control of 
vegetation by the  grazing of enormous 
nurnbers of rabb i t s .  The sand dunes, 
especial ly in Br i t a in ,  were used ex- 
tensively i n  medieval times as rabb i t  
warrens. Wild populations became 
es tab1 i shed and spread wi thout con- 
t r o l .  The grazing o f  these many 
rabbi ts  rmintained the  vegetation as  
a 1 ow-growing meadow over large  
a reas ,  Only a f t e r  these popuf a t ions  
were d r a s t i c a l l y  reduced i n  t he  
1959 's  because o f  disease ,  and the 
resul t ing dramatic change t o  a dense 
shrub and tree vegetation was ob- 
served, was the e f fec t  of the rabbi ts  
noted, In rnore recent tiines, p o l l u -  
t i o n ,  recreation (go t  f courses and 
heavy v i s i t a t i on  use) ,  and a f f o r -  
es ta t ion have a lso  made a s i gn i f i c an t  
i apac t . 

M8ny of these fac to rs  a r e  a l so  
important i n  North Amrica. The 

dune systems of the Atlantic coast  
have been subjected to  many changes 
a s  a r e s u l t  of nearly four centuries 
of set t lement and development by 
European man (Godfrey and Godfrey 
1974). Caucasian settlement a f  the  
Paci f ic  coast  has been very recent, 
b u t  even t h i s  period of about 150 
y r s  has resul ted  i n  dramatic impacts. 
One need only consider the  massiv@ 
dune system ( a  minimum of 36 km2 
according t o  Cooper (1967, p. 42) 
now completely covered by the c i t y  
of San Francisco. 

Farther north, along the  Paci f ic  
Northwest coas t ,  populations a r e  l  ess  
dense, and impact has been l e s s  
severe. However, tile impact i s  no 
l e s s  s ign i f i can t .  Since this region 
has some of the  most spectacular  
coastal  dunes in the world, an under- 
standing o f  the  e f f e c t  of human i n -  
fluence and a knowledge o f  present  
and potenti  a1 problems seems c ruc ia l .  

GENERAL IMPACT 

Sett'l ement and P r imry  Industry 

The f i r s t  towns a1 ong the coast  
were establ  ished a t  r i v e r  mouths, on 
bays, o r  on sand pla ins .  Long Beach 
Peninsula and the Clatsop Pla ins  
(Locali ty 3 and 41, w i t h  t h e i r  par-  
a l l e l  ridge dune systems, were the 
focus of early settlement around the  
mouth sf the  Columbia River. Par t  
of Newport ( l o c a l - i t y  1151 and most o f  
Flarence (Local i ty  29) are b u i l t  on 



sand dunes. Small set t lements a r e  
found on pa r t s  of o ther  dune areas 
as well.  Such settlement destroys 
dune forms and ob1 i t e r a t e s  dune 
landscape, b u t  the original  towns 
were small and t h e i r  overall impact 
r e l a t i ve ly  minimal. 

One of the ear ly  a t t r a c t i ons  of 
some of the  dune areas  were the  ex- 
tens ive  grass  meadows, such as  on 
Long Beach Peninsula, the  Clatsop 
Pla ins ,  and the  area around Bandon 
(Locali ty 24, 25) .  These grass 
meadows were probably successional 
s tages  in the development of dune 
vegetation to f o r e s t  communi t i e s  , 
b u t  some may have been long las t ing .  
1n t h e i r  journals ,  Lewis and Clark 
i n  1806 describe the  Clatsop Plains 
as  "p r a i r i e "  (Cooper 1958, p. 1 7 4 ) .  
Smal l -  farm owners made use of these 
areas  f o r  grazing. Overgrazing 
quickly destroyed the  p lan t  cover 
and rejuvenati on of sand ac t i  v i  ty  
occurred. As a r e s u l t  of t h i s  graz- 
ing damage and of human settlement, 
apparently no t race  remains of these 
once extensi ve grass1 ands, e i t h e r  
around the  Columbia River o r  i n  the 
Bandon area. Simi l a r  rejuvenati on 
occurred i n  o ther  places where agr i -  
cu l tu re  was attempted on sand dunes, 
bud the ex ten t  was not nearly so 
great .  

There was some devel opment of 
cranberry bogs where acid peat s o i l s  
formed in dune swales. T h i s  use, 
mostly north and south o f  the Colum- 
bia River, and t o  some extent ,  j u s t  
north of Coos Bay (Local i ty  231, has 
been re1 a t i  vely ins ign i f i can t .  t a g -  
g i n g  a lso  has not been important a s  
an agent of change, mostly because 
the dune areas do not support exten- 
s ive  stands s f  merchantable timber* 
Old-gro~th  fo res t s  of western heinlock 
and  S i  tka sFruce were 9 ii?<f,eC! i n  nv- 
tent . .  Most of these have heen 
l ocj yed , b u t  soine rema i n . 

Fi r e  as a human agent of change 
i n  the pas t  130 y r s  has not been i m -  
portant. A1 though f i r e s  increased 
in  frequency i n  t h e  adjoining moun- 
t a i n  f o r e s t ,  t h e  dune vegetat ion was 
hardly affected.  Rapid control of 
f i r e s  and the  i so la t ion  of the  dune 
areas a r e  probably the  p r inc ip le  
reasons fo r  t h i s .  Natural f i r e s  i n  
the past  swept over g rea t  areas  and 
could have spread to  dune f o r e s t s  
much more readily.  

Urban and Indust r ia l  Exploitat ion 

Since the  end of World War 11, 
the amount of dune lands u t i l i z ed  
for  urban expansion has increased 
greatly.  Expanding populations and 
i ncreasi n g  incomes have resul ted  i n  
the development of subdivisions w i t h  
1 arge l o t  si zes and space-consuming 
shopping malls. While this expan- 
s i  an radia tes  from establ i shed 
centers,  r e so r t s  and vacation home 
projects  develop in to  new areas  a f -  
fording proximity t o  the ocean 
(Figure 42) .  Such use can be par t i c -  
ularly devastating, both physically 
and aes the t i ca l ly .  The north s p i t  
of Grays Harbor (Local i ty  1)  is  one 
example where extensive level ing and 
building has ob l i t e ra ted  the para1 l e l  
ridge system. Farther south the  
f ine  parabola dune system just north 
of klaldport (Locali ty 16)  has been 
s i m i  1 arl  y destroyed by 1 arge-scal e 
1 eve1 i ny of the 1 and. 

Dune lands have been used f o r  
indust r ia l  development. A l a rge  
p u l p  mill was b u i l t  i n  1960 on t he  
dunes north of Coos Bay (Local i ty  
23). A n  army base and coastal 
defense ba t t e r i es  were located on 
the Clatsop Plains (Local i ty  41, and 
a Coast Guard s ta t ion  on the  north 
s p i t  o f  Humboldt Bay (Local i ty  3 3 ) .  
An a i r p a r t  has been b u i l t  on the 
dunes a t  Crescent City (Local i ty  
31)-  Roads are made f;o build and 
nraintain j e t t i e s .  All of these  
a c t i  v i t i  es have thei  r e f f e c t  i n  



Figure 42. Residential development 
on the  foredune, def la t ion p la in ,  
and inner dune ridge of a paral le l  
ridge system. The drainage channel 
i s  a r t i f i c i a l .  Long Beach peninsu- 
l a ,  Locality 3. August, 1983. 
( Photograph by Art Hare. 

destroying dune 1 andscape and reduc- 
ing the  amount of natural dune area 
remaining. 

Removal of sand from beaches 
and dunes f o r  industr ia l  and con- 
s t ruct ion purposes i n  both northern 
California and Oregon has occurred 
frequently ( L i  ndberg 1979) .  Mineral- 
(chromite, platinum, gold, e t c . )  
bearing sands were mined from 1852 
to 1945 in  Coos and Curry County, 
Oregon. Sand f o r  ceramics, container 
g lass ,  foundry mol d i n g ,  construction 
f i l  7 ,  and concrete continues to be 
removed. No estimate i s  avai lable  
of the  amount removed each year,  b u t  
i t  i s  considered t o  be an amount 
suf f ic i  ent ly  1 arge enough to create  
poten t i a l  environmental problems. 

The use o f  ground-water re- 
sources has increased with urban and 

indus t r i a l  expansion. Water was 
f i r s t  pumped from a dune f i e l d  on an 
extensive scale  i n  the  area j u s t  
north of Coos Bay (Locali ty 23). By 
1973, 15,200,000 l/day (4,000,000 
gallday) were being extracted from 
18 wells (Robison 19731, and plans 
a r e  being made t o  increase t h i s .  
The dunes of t he  Clatsop Plains 
supply water to  t h a t  area (Frank 
1908), while the town of Florence, 
Oregon, re? i e s  almost ent i  r e ly  upon 
t he  dunal aquifer  f o r  i t s  water 
(Christensen and Rosenthal 1982). 
Dune f i e l d s  a r e  a1 so used f o r  l iqu id  
and solid waste disposal .  The long- 
term e f f e c t s  of both pumping and 
waste disposal a r e  poorly known and 
the  subject  of increasing numbers of 
s tud ies  . 

Stabil  i za t i  on 

Whenever moving sand i n t e r f e r e s  
w i t h  t he  a c t i v i t i e s  of human beings, 
programs of s t a b i l  iza t ion a r e  ini  ti- 
ated. Most commonly t h i s  involves 
the  establishment of a p lant  cover 
t h a t  prevents wind from reaching t he  
sand surface. Such programs have 
been ca r r ied  out fo r  several centu- 
r i e s  i n  Europe, many of them because 
incorrect  land use resul ted i n  ex- 
tensi ve areas of reac t i  vated dunes. 

In North America, s imilar  pro- 
grams were begun, e i t h e r  to prevent 
sand f r m  covering property and ob- 
s t ruc t ing  t r a f f i c ,  or  to  repa i r  the  
e f f e c t s  of des t ruct ive  land use 
pract ices  (Godfrey and Godf rey 1974). 
The e a r l i e s t  program on the  west 
coast  was the  s t ab i l i z a t i on  of dune 
masses a t  Golden Gate S t a t e  Park i n  
San Francisco, begun i n  1869 (Cooper 
1967, p, 19). Plantings of sand- 
s tab i l  i zing vegetation al swg the  
Oregon coast  began in 1910 (McLaugh- 
lin and Brown 1942), mostly to  pre- 
v e n t  sand encrmchment n n t a  p r i v i t b  
property, mil i t a ry  ins ta l  I a t i ans ,  
roads, and ra i l roads  and in to  r ivers .  



In 1935 work began on the 1,200 towns, industry,  a i r p o r t s ,  subd iv i -  
ha of a c t i ve  sand on the  Clatsop sions,  and mil i tary  i n s t a l l a t i ons .  
P la ins  of the northern Oregon coast  
(Local i ty  4 ) .  Caused both by exten- 
si ve overgrazing and rapid accretion 
re la ted  to  j e t t y  construction,  these  
dunes " . . .were menacing f o r t s ,  
mi1 i tary  reservat ions ,  roads and 
pr ivate  property ... (and)  ... threaten- 
i n g  t o  impede the  flow of ocean-going 
commerce ..." (McLaughlin and Brown 
1942, Foreword). In 6 y r s  the  e n t i r e  
area was s tab i l  i zed by vegetation. 

The next major focal point of 
s t ab i l  i z a t i  on e f f o r t s  was the dune 
area between the  Siuslaw and S i l t -  
coos Rivers (Local i t.y 20) .  The 
objective of these  was t o  
stop deposition of sand into the 
Siuslaw and Si l tcoos  Rivers and t o  
p ro tec t  recreational  areas.  About 
280 ha were planted between 1948 and 
1963. In addi t ion,  another 600 ha 
of def la t ion pla in  were planted to  
a~lnual and perennial grasses and 
legumes to  provide wil d l i  f e  hab i t a t  
(Green 19651. Very 1  i t t l e  s t ab i l  iza-  
t ion planting has taken place on 
pub1 i c  lands si nee the  1 9 6 0 ' ~ ~  How- 
ever, commercial developinents on dune 
1  ands have required extensi ve plant- 
ings .  The Ocean Shores (Local i ty  1) 
and Bayshore (Local i ty  16) r e s o r t  
~ r o i e c t s .  and res iden t ia l  subdivi- , V 

sions ins Florence (Local i ty  13) a r e  
examples of such areas.  

Although i t  i s  d i f f i c u l t  t o  
estinl;lte w i t h  any degree of accu- 
racy, probably no more than 3,000 ha 
of open sand dunes on pub1 i c l y  owned 
Sands have been s t ab i l i z ed  by plant-  
i n g  programs. ( T h i s  includes the 
pub1 ic ly  financed program on the  
Clatsop Pla ins ,  where much of the 
land i s  p r iva te ly  owned.) Except on 
the  Clatsop Pla ins  vhere there itas 
been res iden t ia l  development, these  
s t ab i l i z ed  areas  remain a s  vegetated 
dune lantis. No estimate has beer) 
m d e  of the  dunes l o s t  to  s tabi t  i r a -  
t ion by development: agricul  tu re ,  

The s tab i l  iza t ion process has 
been described in de ta i l  by Mclaugh- 
1 in  and Brown (19421, Brown and Haf- 
enr ichter  (19621, and Ternyik (1979). 
The f i r s $  s tep  i s  always the plant ing 
o f  European beachgrass. Other species 
such as h e r i c a n  beachgrass (hmo- 
phi1 a  brevil igul a t a )  and Ameri- 
can dunearass are used, b u t  only i n  
ipecial  ;i tuat ions.  ~ p ~ l  ica t ion of 
f e r t i l  i z e r  is consi dered a  necessary 
pa r t  of the  i n i t i a l  planting project .  
The normal applicat ion is 227 kg/ha 
of ammonium sul phate (21% ni t rogen) .  

Secondary plant i  ngs a re  neces- 
sary s ince  the  "sand s t i l l i n g "  dune 
grasses lose vigor and do .not  grow 
well when sand deposition ceases. 
A1 though nati ve and introduced 
grasses and legumes were used f o r  
secondary pl an t i  ngs on the C l  atsop 
Plains t o  provide a  permanent meadow- 
type vegetation, the planting of 
woodv soecies is  more common. Sco t ' s  
b r o k  ('cytisus sco a r i u s )  and lodge- 
pole p - i i  +2 t o  3 y r s  
a f t e r  the  grass  plantings (Figure 
4 3 ) .  In southern Oregon and narth- 
ern Cal i fornia ,  t r e e  lupine is a l so  
planted a s  a  sand s t a b i l i z e r .  

Green ( 1965) noted t h a t  European 
beachgrass a t t a ined  maximum s i ze  3 
y r s  a f t e r  planting. The Sco t ' s  broom 
grows rapidly,  providing cover. Xt 
shades out the  European beachgrass 
and is  eventually shaded out i t s e l  f  
by the lodgepole pine. In a  28 y r  
old plantat ion of European beach- 
grass agld Sco t ' s  broom, she found 
lodgepol e  pine (which had seeded 
na tu ra l ly )  3 t o  8 m t a l l .  The 
Sco t ' s  broom was t a l l  ( u p  t o  4.2 m )  
and spindly. The beachgrass was 
present  only as scat tered stems. 
There was a  well-developed shrub and 
herbsceous understory of nati  ve and 
natural i red  dune forest. species.  



Figure 43. Qregon coastal dune 
s tab i l i za t ion  planting. European 
beachgrass i s  6 yrs  old ,  Sco t ' s  
broom and lodgepole 5 yrs  a f t e r  
planting. Scot ' s  broom is about 1.5 
m t a l l .  Note tile sparse cover of 
European beachgrass, a condi ti on 
that  develops a f t e r  sand burial 
ceases. South of the  Siuslaw River, 
Locality 20. 1964. 

Other methods of s tabi l  iza t ion 
include brush matting, o i l  penetra- 
t i  on, w i  r e  net ,  rock and grave1 , and 
sand fencing. While these methods 
have been used both in Europe and 
North America, they are considered 
s t r i c t l y  temporary, used t o  provide 
control unti l  vegetation develops 
o r ,  more commonly, unti l  asphalt ,  
concrete, and buildings a r e  p u t  in to  
pl ace. 

Recreation 

Unti l re1 a t i  vel y recent times , 
recreational use o f  the coastal dune 
areas has had only a small impact. 
Most s ign i f ican t  has been the Qvel- 
opment of campgrounds in s t a t e  parks 
and cn national fo res t  lands. Some 
of these are  large  and a t t r a c t  great  
numbers of v i s i t o r s ,  especial ly i n  

summer. Examples include Ocean City 
S t a t e  Park (Locali ty I ]  i n  Washin - 3 ton; and F t .  Stevens (Locali ty 4 , 
Cape Lookout ( Local i ty $1, Honeyman 
(Locali ty 201, and Bullards Beach 
( Local i t y  24) Sta t e  Parks i n  Oregon. 
A1 1 a r e  on sand dunes, but the actual 
impact of v i s i t o r  foot  t r a f f i c  on 
the  dune vegetation and dune forms 
away fram the campgrounds themselves 
i s  ins ignif icant .  No data ex i s t ,  
b u t  one need only walk a thousand 
meters out  in to  the  sand a t  Xoneyman 
S t a t e  Park even during the  height of 
t he  t o u r i s t  season to  rea l ize  t ha t  
"observing the  dunes" is not a can- 
mon recreational  ac t iv i ty !  

I t  i s  d i f f e r en t ,  however, where 
roads provide easy access &I the  
beaches. Sometimes roads r u n  J u s t  
behind the  foredune, i n  o ther  cases 
f a r t he r  back, b u t  there a re  always 
numerous t r a i l  s running to t he  beach 
and these can cause severe damage t o  
vegetation. Vogt ( 1979) and Ranwell 
(1972, Chap. 13)  review f i e l d  s tud ies  
of "trampling e f fec t s"  on dune vege- 
ta t ion in  Great Britain.  Because of 
high populati on pressures in Europe, 
these can be qu i te  severe. Similar 
s tudies  in North America have not 
been found. 

What has received consi derabl e 
a t t en t ion  in North Awrica is the  
increasing use of off-road vehicles 
(ORV's) on sand dunes. Vogt 11979) 
br i e f l y  reviews the  f i e l d  s tudies  of 
the  impact of ORV t r a f f i c  over sand 
dunes. Fowler (1978) out1 ines the 
grrrwth of the DRV recreation phenom- 
enon along the Oregon coast ,  and 
discusses p1 anning and management 
options. A review of the  I l" b r a l u r e  
deal ing w i  t h  off-raad vehicle recrea- 
t ion i s  included i n  Fowler (1979). 

Almost every dune area along 
t he  coast  has fef t the  e f f e c t s  of 
t h i s  a c t i v i t y .  Probably most pro- 
nounced i s  the destruction o f  vegeta- 
t ion (Figure 44). Grasses on fore- 



Figure 44. Results of off-road 
vehicle ac t iv i ty  on the Sand Lake 
dunes, Locality 9. This area i s  the 
lower deflation plain of the f i r s t  
parabola dune, just  north of the 
beach access road (Appendix 11). 
August, 1983. (Photograph by A r t  
Mare. ) 

dunes, meadows on sand plains and 
deflation plains,  and even shrubs 
ar~d trees have been destroyed. This 
invariably resul t s  i n  rejuvenation 
of sand act ivi ty .  On open sand, 
there my be sow degradation of 
dune forms ( the  crests of oblique and 
parabol a dunes). The most pronounced 
effects  are aesthetic: noise, 
crowdi ny , and 1 i t t e r .  

One of the most dramt ic  ex- 
amp1 es of t h i s  recreational phenome- 
non can be seen a t  Sand Lake (Local- 
i t y  9) .  I n  1964, during a sumel- 
weekend, a dozen vehicles could be 
seen wandewing about the 4 km" of 
open sand. Fifteen years l a t e r ,  on 
a major 3-day weekend during the 
s u m r ,  an e s t imted  5,OW vehicles 
would turn these dunes into a mael- 
strom of noise and mving mchines. 

Some of the f ines t  examples of 
native sand-plain and sand-ridge 
meadow vegetation along the coast 
have been destroyed. The pa r t i a l ly  
stabilized marginal ridge of one of 
the parabola dunes has been dis- 
sected into a series of rapidly 
eroding hummocks. The main defla- 
tion plain as well as adjoining 
forests  serve as camping areas and 
vegetati on has been tramp1 ed and 
broken. 

The situation became so severe 
that  an elaborate management plan 
had to  be developed which included 
designation of use areas, safety 
rul es regarding equipment and opera- 
tion, law enforcement, protection of 
private property, and access control . 
Today there is a large campground 
( 1 0  units)  with i t s  own sewage d i s -  
posal system and a drag s t r i p  with 
guard r a i l s  and control tower. The 
number of vehicles using the area 
during heavy use periods i s  con- 
trol  1 ed by requi ring the purchase o f  
a permit f o r  each "street-legal 
vehicle. ' V n  one recent weekend 
(Memorial Day, 28-30 May, 19831, 
1700 permits were available and 
almost a l l  were issued. Since each 
street-legal vehicle can tow or  
carry other vehicles, the total  
number of vehicles on the area can 
s t i l l  be quite large. 

The use of off-road vehicles 
continues to grow, and the pressure 
from interest  groups (off-road 
vehicle clubs) for  access to  dune 
areas i s  powerful. Driving on the 
beaches i s  regulated by compl icated 
rul es , especi a1 ly in Oregon. Vehi- 
cles are  banned on some State- and 
Federal 1y-owned dune areas, b u t  en- 
forcement i s  frequently d i f f i cu l t .  
Even private property is not exempt 
from t h i s  pressure.. In one case a 
lancfawner constructed a strong fence 
ta erclude vehicles and campers. In 
another, the owner resorted to 



carrying f irearms t o  help ward o f f  
aggres si ve and often be1 1 i geren t ORV 
dr ivers .  Overall,  the long term 
physical impact of such a c t i v i t y  is  
probably minimal, especia l ly  i f  
vegetation damage i s  minimized. 

MANAGEMENT PRO5 LEMS 

Intr*oduced Pl an t  Speci es 

Many of the p l an t  species found 
on the  coastal  dunes have been i n -  
troduced since the time of European 
set t lement.  These p1 ants have he1 ped 
change the appearance o f  the dune 
landscape, and have a l t e r ed  the 
plant  communities. Some introduc- 
t i  ons were acci dental , coming w i  t h  
animals, animal feed, and garden 
p lan t s  and seeds. Most were inten- 
t i  ona1 , t o  be used as ornamentals, 
ag r icu l tu ra l  crops, o r  in s t a b i l i r a -  
t i  on programs. 

In the foredune area ,  almost 
a1 l o f  the now-characteristic plants 
have been introduced: European 
beachgrass, the  sea rockets,  sea- 
f i q s .  maritime pea, and Australian 
f i reweed ( ~ r e c h  t i  t e s  arguta,  E.  pre- 
nanthoides) Most =the common 
meadow species a r e  European i n  
o r ig in :  sweet vernalgrass (Anthoxan- 
thum odoratum), v e l v e t - g r a s s v x  
TZEtus),bentgrasses ( A g r o s t ~ s  
.- 1 i t t l e  hai rgrass  (Aira -- prak? 
cox) ,  annual brow-grasses (Bromus - -- 

, hairy cats-ear (Hypochaeris 
r a  i c a t a ) ,  red sorre l  (Rumex aceto- Y+- 

and curly d T  '(Rumex _. 
C ~ I S D U S ) .  

Several exotic shrubs have a l so  
become well es tab1 ished. Scot ' s  
broom is widely planted b u t  does not 
spread extensively on sand dunes on 
i t s  own (as i t  does i n  o ther  a reas ) .  
Tree lupine (Figure 451, introduced 
from Sauth America, has spread widely 

Figure 45. European beachgrass com- 
munity with t r e e  lupine. North s p i t ,  
Humboldt Bay near Samoa, Locality 33. 
June, 1983. 

on the northern Ca1 i fornia  dunes . 15 
I t  has been planted along the  Oregon 
coast ,  b u t  does not seem to  spread 
natura l ly  t o  any g rea t  extent .  
Probably the most notorious in t ro-  
duced shrub is gorse (Ulex euro- 
paeus) . I t  was reputedly b r o u g K T o  
m a n d o n  area from Ire land i n  1873 
a s  a hedgerow p lan t  (Hanneson 1962). 
By 1949 i t  covered 10,000 ha, mostly 
around Bandon, i ncl udi ng the  dunes 
there  (Local i ty  24) ,  b u t  i t  ranged 
north a1 ong t he  coast  t o  Grays Harbor 
and inland t o  t he  Puget Trou h and I Mi1 lamette Valley. Control an erad- 
i ca t ion  i s  a d i f f i c u l t ,  expensive 
task .  

I t  i s  of i n t e r e s t  t ha t  some 80 
species of t r e e s  were tes ted  f o r  
dune-stabi'l i za t ion  use on the north- 
west coas t  (Brow and Hafenrichter 
1962). None of the  introduced 
species were useful o r  becam estab- 
l i shed.  Plantings of maritime pine 
( P i n u s  p inas te r )  survived, but did 
n o t d i v e .  T h i s  is the  same species 

3 r 

' "Some botanical  authori t i  es feel 
this  species  is  native t o  CalifornZa. 



tha t  has been planted on 80,000 ha 
of sand dunes on the Bay of Biscay 
i n  France a t  the same lati tude. 

Introduced speci es that  become 
establ i shed and spread aggressively 
usually do so a t  the expense of 
native species. Uncomon native 
speci es w i  t h  very res t r ic ted  habi t a t s  
are the most l ikely to  be affected. 
Very 1 i t t l  e concern has been ex- 
pressed in the past about the pos- 
s ib le  impacts of exotic plant intro- 
ductions. There i s  no evidence in 
many of the current mu1 t i  tudi nous 
planning documents re1 a t i  ng t o  
coastal zone management of such con- 
cerns, though the threat  i s  ongoing. 
A number of exotic species, for ex- 
ample, have recently become estab- 
1 ished in sal tmarsh and mud-flat 
habitats in the Pacific northwest, 
and the potential for  drast ic  changes 
i n  the native ecosystem i s  quite 
strong (L.  Kunze, Washing ton Natural 
Heritage Program, Olympia, Washi ng- 
t u n ;  pers. comm. 1983). Given the 
other pressures of resource develop- 
ment i t  i s  probably a minor concern, 
b u t  i t  i s  nonetheless a real one. 

The  Special Case of European Beach- 
grass 

O f  a1 1 the impacts of human 
ac t iv i ty  discussed t h u s  f a r ,  probably 
the most extensive and f a r  reaching 
i n  i t s  e f f ec t  was the introduction 
of European beachgrass (Figure 46). 
I t s  e f f ec t  has been both geomrpho- 
logical (e f fec t  on dune forms) and 
biological (creation of new Rabi t a t s  
and c~mpeti  t i  an wi t h  other speci es ) . 

Huiskes (1979) reviews &at  i s  
known of the species. I t  i s  nati we 
to coastal Europe h e r e  i t  evolved 
under conditions of massive sand 
movement. I t s  la t i tudinal  range i s  
roughly 30"N o 60"N [and simi- 
l a r ly  30"s to 6 0 5  i n  the south- 
ern hemisphere &ere i t  has been in- 

Figure 46. European beachgrass. 
Stems to 1 m h i g h ,  connected by tough 
rhizomes; leaves folded and smooth, 2 
t o  4 mm wide; flower clusters  15 t o  
30 cm long and 10 to 15 mm wide. 
Plants grow and flower most vigorous- 
ly when a t  least  partial  ly buried by 
sand. Tenmile Creek, Locality 22.  
June, 1964. 

traduced). I t  grows well i n  n u t r i -  
ent-poor sands, to1 erating burial u p  
to 1 m deep, b u t  i t  i s  intolerant to 
sea s a l t  in the substrate. Sand 
burial appears to be necessary to 
stimulate grswth and flowering. 
Seeds are produced in great numbers 
on vigorous plants (those exposed to  
sand burial ), and germinate readily. 
Reproduction by seeds i s  limited to  
moist areas such as deflation plains. 
Vegetative reproduction through the 
dispersal of plant parts such as 
rhizomes and t i l l e r s  account f o r  
most o f  the natural distribution of 
the species. There a re  no known 
serious animl feeders or plant 
parasites.  

A closely re1 ated and very 
similar species, Awrican beach- 
grass, i s  natjve the North 



American east  coast and Great Lakes 
region. I t  seems ts~ have similar 
ecological requi rements to those of 
European beachgrass. Data from 
North Carol ina ( Woodhouse e t  a1 . 

---(P 1977)  show that  th i s  specEs 1s 
short lived ( 2  t o  5 yrs)  and higtlly 
susceptible t o  a t  l eas t  one disease 
and one insect. These problems may 
be related to growth near the 
southern 1 imit of i t s  range (34 N). 

European beachgrass has spread 
along the west coast of North America 
from 34" to 55"N lati tude. In only 
a very few locations has i t  n o t  taken 
over enti rely i n  the foredune zone 
just  above t i le  beach. These areas, 
rnost notably parts o f  the north and 
south spi ts  of tiurnboldt Bay (Local i t y  
3 3 ) ,  give a c lue  t o  the api~earance o f  
the vegetation o f  the foredune aorw 
pr ior  t o  the takeover by European 
beachyrass . Even here, howevc I * ,  the 
h i g h  bedchgrass rid ye i s  qradual l y  
rep1 aci ng the 1 oosely aggregated 
collection of relat ively 7a.r hui~~rriocks 
fo rrned by t !~e  na 2; i ve spec i  es . 

The biological effect  of the 
grass i s  t o  crowd out, through rapid 
growth and dense cover, the native 
hummock builders. In many places 
where they once occurred commonly, 
such species as American dunegrass, 
sandverbena, s i  1 ver bursage, beach 
morning glory, and dune tansy occur 
sparingly or are  not seen a t  a1 1 .  

Since vir tual ly  a71 of the sand 
blown off the beach i s  trapped by 
European beachgrass foredunes o r  
hummock f ie lds ,  there i s  concern 
that  "sand starvation" (discussed 
e a r l i e r )  could change the character 
of the 'large moving dunes. Although 
th i s  i s  open to much specuf at ion,  
informal consideration has been 
gi wen to trying t o  find a way to get 
sand moving inland again. There i s  
na precedent since g e t t i n g  European 
beachgrass es tab1 isked has h i s  tori - 
eally been o f  greater importance t h a n  

destroying i t ,  Recent experiments 
i n  northern Cal ifornia IS. VanHook, 
Lanphere-Chris tensen Dunes Preserve, 
Arcata, California; pers, corn. 19833 
have involved sa't t ,  black polyvinyl 
sheeting, digging and pulling, burn- 
ing, and herbicides to t r y  .to control 
the species. The best method thus 
f a r  has been burning ( the  grass burns 
readily, b u t  i s  not k i l l ed )  followed 
by an application of the herbicide 
'"~oundup - Pulling young plants 
i s  also effect ive,  bu t  requires 
constant patrol 1 ing. 

European beachgrass i s  perma- 
nently established on the Pacific 
Northwest coas ta1 dunes. I t s  
ultimate impact on nati we species 
and dune morphologiy i s  not known. 
Al though con si derabl e research on 
i t s  ecology and physiology has taken 
place in Europe, very l i t t l e  has 
been done in North America, or in 
the numerous other places in the 
world where i t  has been introduced. 
Any possibil i t i e s  a t  a l l  of "manag- 
ing" th i s  species along the n o r t h -  
west coast will depend upon a 
program o f  research that  examines 
both anatomical and physi 01 ogical 
response to local conditions. 

Endangered Species 

A number o f  plant and animal 
species that  occur on the sand dunes 
a re  on one or more s ta te  l i s t s  o f  
rare ,  sensit ive,  threatened, or en- 
dangered species. Only one i s  pro- 
tected by Federal l a w  as a threat- 
ened or endangered species. These 
1 i s t s  are usually maintained by 
s t a t e  natural heritage programs, b u t  
rmy originate with gruups such as 

Glyphssate - a broad spectrum, 
nonselective herbicide, readily 
broken down i n  the  soil  to carbon 
d i o x i d e  by r~ticrobial degradation 
(Watson 1981). 



s t a t e  game departments, n a t i  we p l a n t  
soc ie t i es ,  o r  t h e  Nature Conservancy. 
The fo1 1 owing d iscussion and Tab1 e 
1 2  inc lude species which are on one 
o r  more 1 i s t s  as o f  June, 1983. 

threatened species by the  U.S. F ish 
and W i l d l i f e  Service, g i v i n g  i t  the  
p r o t e c t i o n  o f  t h e  Endangered Speci es 
Act.17 C r i t i c a l  h a b i t a t  was a lso 
designated f o r  the  species -18  

I t s  pr imary h a b i t a t  i s  coasta l  
meadow t h a t  supports the growth o f  
t he  western b lue v i o l e t  ( V i o l a  - adunca)"" which i s  i t s  pr lmary 
food-source.  According t o  Hamrnond 
and McCorkle (1982) most o f  these 
meadows are  es tab1 i shed, s t a b l e  com- 

muni t ies on rocky headlands. This  
i s  p r i m  h a b i t a t  f o r  t h e  growth o f  
western b lue v i o l e t .  This v i o l e t  
occurs on dune meadows, b u t  only  on 
those which have been es tab l ished 
f o r  a l ong  p e r i o d  o f  time. Only 6 
ou t  o f  24 repor ted s i t e s  are on " o l d  
dunes." The th ree  l a r g e s t  and most 
vigorous populat ions a re  on rocky 
headlands, wh i l e  two o f  the  th ree  
small, weak populat ions are on o l d  
dune s i t es .  Other dune areas a r e  
l i s t e d  as prime s i t e s  f o r  r e h a b i l i -  
t a t i o n  of .  h a b i t a t  and eventual 
b u t t e r f l y  i n t roduc t i on ,  w i  t h  t he  
bes t  considered t o  be t h e  Camp R i l e a  
area on the Clatsop P la ins  ( L o c a l i t y  
4).  The dune s i t e s  p resen t l y  con- 
sidered important to the Oregon 
s i l  verspot  b u t t e r f l y  recovery p l  an 
are  l i s t e d  i n  Table 13. S t ine  (1982) 
reviews the  b io logy  and ecology o f  
the  species and ou t l i nes  the  recovery 
p l  an. 

 he Elidangered Species Act  re-  
qu i res  t h a t  a l l  Federal agencies, i n  
consul t a t i  on w i  t h  the Secretary, 
Department o f  I n t e r i o r ,  ensure t h a t  
a c t i o n s  funded, authorized, o r  car- 
r i e d  out  by them a re  no t  l i k e l y  t o  
jeopardize the cont inued existence 
o f  a l i s t e d  species o r  r e s u l t  i n  the  
des t ruc t i on  o r  adverse mod i f i ca t i on  
olf i t s  C r i t i c a l  Hab i ta t .  Other pro- 
v i s i o n s  o f  the Act make the t a k i n g  
o r  k i l l i n g  s f  endangered o r  t h r e a t -  
ened species by anyone i 1  l e g a l  and 
prov ide  support t o  s t a t e  agencies 
a'nvolved i n  the  p ro tec t i on  o f  these 
species. 
! Fi Oregon, Lane County. T. iGS.  
R.12W. Those p o r t i o n s  o f  Sect ion 15 
and o f  t h e  south h a l f  o f  sec t ion  40 
h i c h  are west o f  a l i n e  p a r a l l e l  to, 
and 1500 f t  (455 mf west o f ,  the 
eastern sec t ion  boundaries o f  Sect ion 
18 and 15. 

'"~l so known as *s te rn  long- 
spurred violet,  early b lue  v i o l e t ,  
hook v i o l e t ,  b l u e  v i o l e t ,  and west- 
e r n  dog v i o l e t ,  

Snowy P lover  (Charadrius a lex -  - 
andrinus).  This b i r d  i s  l i s t e d  i n  -- 
the Federal Reaister  as a candidate 
f o r  p ro tec t i on "  as a threatened o r  
endangered species (F igure  48). I t  
i s  consi dered "threatened" by t h e  
Oregon State Department o f  F i s h  and 
W i l d l i f e  and the C a l i f o r n i a  Depart- 
trient o f  Fish and Garne and "endan- 
gered" by the Washington Sta te  
Department o f  Game. I t  breeds i n  
e a r l y  summer i n  two widely separated 
l oca t i ons :  t h e  a l k a l i n e  basins and 
sand dunes o f  southeastern Oregon and 
along the coast o f  Washington, 
Oregon, and C a l i f o r n i a .  I t s  n e s t i n g  
h a b i t a t  along the coast i s  t he  loose 
sand above the h igh - t i de  l i n e  i n  
sparse foredune vegetat ion o r  d r i f t -  
wood, espec ia l l y  a t  the ends o f  sand 
sp i t s .  Past and present  n e s t i n g  
s i t e s  a re  repor ted  from the nor thern  
1 i m i t s  of t he  dunes a t  Copa l is  
Beach, Washington (Loca l i  ty 11, 
south t o  Wumboldt Bay ( L o c a l i t y  33) 
fP roc to r  e t  at.. l980; Bur'iey X979; 
The ~ a i ; u r x  T i w e r s i t y  Data Base, 
C a l i f o r n i a  Deparment o f  F i sh  and 



U 
.r 
ti- .? 

C 9 0 ?- 

+. . 
>rO 0 
-0 C - 3 
mC., .- .-" * 
4 L 
0 V  0 
a c l. rn a 

" " Y! - C 

* *a 
I Y - C  
c- 0 
a10 rn - J E W  

f.2 ' 
0 - C  
r q o  " - L, -3 0 0  C 

* * . *  m YI C 

s U .- .- a 
Y Ye- L L l L l  

5 2  2 
8 Z W  

L* .-- 
L ", 

w e 
.r. 3 - 2 
" I N  (i 
L v- 
,c 0 
*-'L a, 
m C 
;z u. t ... 1L. 
"_r-  s w  
c m 
6" ts 
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Table 13. Habitat or potential habitat  for  the Oregon silverspot butterfly on 
the Pacific Northwest coastal dunes. (From Hammond and McCorkle 1982. ) 

Si te  name and 
general 1 ocati on 

Dune local i ty  Comen t s  

Lily Lake, 11 km N of 
Fl orence, Oregon 

Tenmile Creek, about 
21 km N of Florence, 
Oregon 

01 d sand dunes 1.5 t o  
3 km M of Gearhart, 
Oregon 

Camp R i  1 ea Mi 1 i tary 
Reservation near 
Cu1 laby Lake 

Loomis Lake area, 
Long Beach Peninsula, 
Washington 

Nahcotta, Long Beach 
Peninsula, Washington 

Bestport area, Washington 

19 US Forest Service land. No 
violets  or but te r f l ies  present, 
b u t  area good for  introduction of 
both. 

Private land. Few violets  s t i l l  
present, b u t  no but terf l ies .  Due 
fo r  developnent. 

Private land. Snall number of 
violets  and but terf l  i es  present. 
Probable future development. 

S ta te  land. Few violets  and 
but terf l  ies .  Prime area for  
habitat  rehabil i ta t ion.  

3 Private land. Small number of 
violets  and butterfl  ies .  
Probable future development. 

3 Private land. Grassland, but no 
violets  or  but terf l  i e s  present, 

2 Private land. No but te r f l ies ,  
few violets found. Very l i t t l e  
suitable habitat. 

Game, Sacramento, Cal i fornia;  pers . mustard family (Figure 4-54), endemic 
corn. 1983). Beach and dune ORV t o  the coastal sand dunes between 
t r a f f i c  pose the greatest  th rea t  t o  M o n b r e ~  and Crescent City, Cali- 
the nesting s t a b i l ~ t y  of these birds fornia (Local i t ies  32 t o  331, I t  i s  
(Wilson 1980). usually found growing i n  senistabi- 

l ized dune areas associated w i t h  the 
Menzi es ' wall f 1 ower (Erisymum POA WCRPJdTHA-LATHYRUS LITTORALIS 

menziesii). This plant i s  a candi- CDWUNITY. I t  occurs sparingly and 
date f a r  State  l i s t i n g  (which pro- any reduction i n  habitat  area could 
v-ides legal protection) as a r a r e  or  e f f e c t  i t s  suw-ivial as a species. 
endangered species i n  Cal i fornia .  
I t  is a herbaceous biennial of the  Si 1 very phacel ia ( Phacel fa - ar -  



Figure 49. l4enzies' wallflower. Figure 50a. Silvery phacel i a .  Pros- 
Flowering stems 5 t o  15 crn long; t r a t e  stems, 10 t o  30 cm long; 
flower pe ta l s  br ight  yellow, 15 to  leaves s i lve ry ,  2 t o  5 cm long; 
20 mm long; f r u i t s  4 to 8 an long. e t a l s  yellowish white, 5 t o  6 m 
(From Abrarns 1940, reprinted by !ong. (From Abrams 1940, repr in ted 
permi s si on of Stanford Uni versi ty  by permi s s i  on o f  Stanford University 
Press. ) Press.) 

entea) .  In Oregon, this perennial 
$ a ~ o f  the  waterleaf family (Figure 
50) is l i s t e d  as "threatened through- 
out i t s  range," while in California 
i t  i s  l i s t e d  by the  California Native 
Plant Society as a "rare  or  endan- 
gered species ."I t  i s  found along 
upper beaches and in unstabil ized 
dune areas associdted w i t h  the ELYMUS 
MOLLIS-ABRON LA LATIFQLIA COMMUNITY. 
I t  occurs from Bandon. Ore~on ,  south 
in to  California i ioc$ l i t i e s  24 to ~i~~~~ sob. S i  l very phacel i a .  
33). The g rea tes t  threats to the ~ ~ l l o g g  Beach, north of Crescent 
species a r e  l o s s  of hab i ta t  to Eur-0- City,  ~ ~ ~ ~ l i ~ ~  31. ~ ~ ~ ~ ~ t ,  1983. pean beachgrass and QRV t r a f f i c .  

Pink sandverbena (Abronia um- 
bel l a t a  var. acu ta la ta  1 . T e r s -  
ceotas r r e r e n n i a m G E  51) t h a t  i s  
l i s t e d  'as "ex t i rpa tehb7in  Washington, 
and i n  Oregon is on the review 9'l;st ABRQWLA LATIFOLIA COWUNITY. It 
For inclusion as a rare o r  endangered occurs very sparingly and the prirtrary 
s?ecies. I t  cjrcwr; on a c t i v e  dune th rea t s  to i t s  survjwai a r e  l o s s  o f  
areas along the ent i  re coast in asss- habi ta t  to European beachgrass and 
c ia t ion w i t h  the ELYMUS MOLLIS- OR\r a c t i v i t y .  



Figure 51. P i n k  sandverbena. 
Slender, p ros t ra te  stems, 20 t o  100 
cm long; leaves oblong, 2 to  6 cm 
long; flowers p i n k  t o  purple, flower 
tube 6 t o  8 m long. (From Abrams 
1940, repr in ted by permission of 
Stanford University Press.)  

Landforms. Habitats  and Plant  
Communi t i e s  

Many of the  sand dune areas 
t h a t  have good examples of dune 
forms and dune systems a r e  publicly 
owned. The U.S. Forest  Service has 
extensive holdings a t  Sand Lake 
(Local i ty  9 )  and between Heceta Head 
and Coos Bay i n  Oregon (Loca l i t i e s  
19 t o  2 3 ) .  The Washington S t a t e  
Parks and Recreation Commission and 
the Stage Parks Division of the  
Oregon S ta te  Transportation Commis- 
sion a lso  own sand dune lands. 
Leadbetter Point (Local i ty  3 )  and 
Umpqua L i  ghthouse S t a t e  Park ( Local - 
i ty 22) a r e  examples. 

Much of the  sand dune area  
between the  Siuslaw River and Coos 
River i n  Oregon (Loca l i t i e s  19 t o  

23)  was proposed fo r  National Sea- 
shore s t a t u s  i n  the  ear ly  1 9 6 0 ' ~ ~  

T h i s  proposal f a i l ed ,  b u t  the  many 
years of invest igat ion and pub1 i c  
hearings produced a wealth of i n -  
formation on these dunes (U.S. 
Congress 1959, 1963, 1966). Even- 
t ua l l y ,  in 1972, U.S. Forest Service 
holdings were desi gnated the Oregon 
Dunes National Recreation Area ( U  . S. 
Congress 1972) w i t h  an area of 
13,022 ha. A1 though managed fo r  rec- 
reat ion,  par ts  of the  NRA a r e  closed 
o f f  to  ORQ use, an important f a c t o r  
i n  being ab le  to  observe and study 
natural dune process. 

A considerable portion of t he  
magnificent parabola system a t  Smd 
Lake (Local i ty  9 )  is  owned by t he  
U.S. Forest  Service. Heavy ORV use, 
however, changes dune forms and 
obscures natural processes. I t  i s  
a l s o  des t ruc t ive  to natural vegeta- 
t ion.  Pr ivate  hol dings, especia l ly  
on the outermost marginal r idges ,  
could lead to development which 
would destroy the  i n t eg r i t y  of t he  
system. 

Leadbetter Point  (Local i ty  3 )  
and Netarts Sp i t  (Local i ty  8) a r e  
excel 1 en t examples of re1 a t i  vely un- 
disturbed bay dune systems t h a t  a r e  
publicly owned. The only t h r ea t  to 
t h e i r  i n t eg r i t y  might be development 
f o r  recreat i  onal purposes. The ex- 
tensive dune areas  around Bandsn, 
Oregon (Locali ty 24, 25, 261, and 
Humboldt Bay (Loca l i ty  33) a r e  
almost enti  re1 y pr ivate ly  owned. 
There seems t o  be 7 i t t 7 e  prospect of 
preven ti ng pr ivate  &vel opment on 
these areas i n  the fu ture .  

On the o ther  hand, almost a11 
of the dunes of t he  Point S t .  George 
area (Local i ty  3 1 )  have passed i n W  
public ownership within the  l a s t  
couple o f  years .  The S ta te  of Cali-  
fornia  purchased about 36W ha o f  
pr ivate  land, most of which will be 
adininistered as a State park by t he  



Department of Parks and Recreation 
(D. Scott, Cal i fornia Department of 
Parks and Recreation, Crescent City, 
California;  pers. corn. 1983). The 
remainder, which includes Lake Earl 
and Lake Talawa, and the land sur- 
rounding these lakes, i s  adminis- 
tered by the  Department of Fish and 
Game. Although most of t h i s  area 
has a long history of disturbance by 
human ac t iv i ty ,  the basic forms 
remain, and are a good representa- 
t ion of the northern California dune 
systems. 

Although each of the three 
s t a t e s  i n  h i c h  the coastal dunes 
a r e  located has provisions for  the 
establishment of 'hatural areas" 
( the  actual designations vary),  none 
has been created on sand dune areas. 
The U.S. Forest Service, a leader i n  
the set t ing aside of "Research 
Natural Areas" on i t s  lands, has not 
ye t  given such s tatus  to any par t  of 
i t s  sand dune holdings. The only 
pr ivate  e f f o r t  has been the estab- 
1 ishnrent by The Nature Conservancy 
of the Lanphere-Chr i s tiansen Dunes 
Preserve a t  Humboldt Bay, California 
( Local i ty 33 I .  

Certaf n pl ant  communi t i e s  are 
threatened along the en t i re  coast by 
European beachgrass mcroachmen t , 
QRV ac t iv i  ty , and development. 
These include the ELYMUS MOLLIS-- 
ABRON IA LATIFOL IA COMMUM ITY , the POA 
IMACREVJTHA--LATHYRUS LITTORALIS COM- 
MUN ITY, the FESTUCA RUBRA--%LIBAGO 
SPATHULATA COMMUNITY, and the WRCTO- 
STAPHVLBS UVA-URSI IRHCliCm ITWIUM 
GMESGENS COMMUNITY. These are  com- 
munities of active and semistabilized 
sand and meadows. Old-growth fores t 
communities are rare, On publicly 
owned lands. they are  more or l e s s  
secure, b u t  examples should be iden- 
t i f i e d  o f  the PSEDDOTSUM MENZIESIZ/ 
WBDODEGJDRON CBmUMITY and the TSUGA 
HETEROPWYLLA--PI CEA SITCHENSES/GAUL-  
TW E R l  A SMALLON/BLECHNUM SPI CANT 
CWMUMLTY* 

There i s  an urgent need to 
identify comunities,  habitats,  and 
1 andforms that should be protected. 
A s t a r t  a t  this i s  being made by 
natural heritage programs in a1 7 
three s ta tes  (references i n  Table 1 2 )  
and other groups such as s ta te  game 
departments, The Nature Conservancy, 
and nati ve pl ant societ ies  (Burl ey 
1979). 

Dune Groundwater 

The extensive use of dune 
ground water for  industrial and do- 
mestic use could lead t o  problems 
associated w i t h  lowering of the 
watertabl e.  In the Nether1 ands, 
where there is a long history of 
sand-dune yround-water exploitation 
(Ranwell 1972, p. 2161, dune plant 
communities in some areas began to 
change drast ical ly  as formerly moist 
habi ta t s  dried out. Sal t-water in- 
trusion into the ground water also 
took place. The si  tuat i  on was deal t  
with by recycling purified waste 
water from large c i t i e s  back into 
the dune aquifers. 

Studies on the Oregon coastal 
dunes near Coos Bay ( Local i ty 23) by 
Robison (1973) show a d i rec t  connec- 
tion between the many shallow lakes 
and ponds of the area and the water 
table. Lake levels  have been lowered 
because of pumping. Management tech- 
niques explored t o  minimize the ad- 
verse effects  of pumping include 
location of wells, well design, vary- 
ing the seasonal rate  of pumping, 
and recharge by direct  pumping into 
the lakes. As far  as i s  known, no 
one i s  studying the e f fec t  of pump- 
i n g  on deffation-plain plant commu- 
ni  t i e s  in the area. 

Monitoring of water in abserva- 
t i  on we1 l s a1 ong the shore1 ine shows 
no trace of s a l t .  The fresh water 
apparently extmds off&ore f o r  sow 
djsQnee. The distance and the 
nature of the fresh water-salt water 
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In other p1 aces, accreti an is a 
problem, i f  not an immediate hazard. 
Long Beach Peninsula (Locality 3) 
has grown seaward by about 600 m 
since 1950 (Reuf 1975), while the 
southern end of the Clatsop Plan 
(Locality 4 )  has gained over 60 m 
between 1939 and 1968 (U.S. Army 
Corps of Engineers 1971). The 
current problems in these areas are 
mainly social and legal--who owns 
the new land and what to  do about 
l os t  ocean vis tas .  Future problems 
will involve erosional cyc1 es tha t  
are poor1 y understood and unpredict- 
able .  An extensive l i terature ex is t s  

(Fowl er  1979) to  help people deal 
with the hazards of  building on the 
unstable zone next to  the ocean. 

A t  best these measures can only 
be temporary r e s t r a in t s ,  interfer ing 
with a system i n  long-term dynamic 
s t ab i l i t y .  As Godfrey and Godfrey 
(1974) point out i n  t he i r  plea f o r  
an ecological approach to dune man- 
agement, "we speak of man's "battle 
w i t h  the sea'  and 'h i s  struggles w i t h  
erosion' ,  b u t  t h i s  is real ly  a ba t t l e  
to save works o f  man himself; the 
beaches, i f  l e f t  alone, are in no 
danger of obl i terat ion by the sea". 
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APPENDIX I 

COASTAL SAND DUNE LOCALITIES 

Locality number and name, location, predominant dune form(s),  and general fea- 
tures of sand dunes of the Pacific Northwest Coastal Region are  shown below. 
The U.S. Geodetic Survey map quadrangle(s) for  each loca l i ty  i s  given in 
parenthesis following each location description. The notes a re  given a t  the 
end of the table.  Locality numbers and names follow Cooper (1958) except for  
Localities 31-33 which correspond to Cooper's (1967) Cal ifornia 1-3. 

Local i t y  number Locat ion Dune form($)  
and name (USGS map quadrangle) 

General fea tu res  

1. Grays Harbor Gray! Harbor County, 
Nor th Washington 

Nor th s i d e  o f  entrance t o  
Grays Harbor (Po in t  Brown) 
n o r t h  25 km t o  Copal is 
Head. 

(Po in t  Brown, Copal i s  
Beach, Mocl ips; 7 .5 '  Ser ies)  

P a r a l l e l  r i dge .  Bay 
dune on the southern 
t h i r d .  

2. Grays Harbor P a c i f i c  and Grays H a r - r  P a r a l l e l  r i dge .  
South County, Washing!% 

North s ide  o f  the entrance 
t o  W i  1 lapa Bay (Cape Shoal - 
water)  n o r t h  20 km t o  the 
south s ide  o f  the entrance 
t o  Grays Harbor. 

(Nor th Cove, Grayland, Wrst- 
p o r t .  Po in t  Drown; 7 . 5 '  Ser ies)  

3. Wj l lapa Bay P a c i f i c  County, Washington P a r a l l e l  r idge.  Ray 
dune on the  n o r t h  end. 

Columbia River  (Nor th Head) 
n o r t h  35 km t o  the end o f  
Long Beach Peninsula 
(Leadbet ter  P o i n t ) .  

Extens ive progradi  ng 
s hore . 
Commerc i a1 development 

Most ly  coas ta l  s t r i p .  
Ridges p o o r l y  def ined.  
Extens ive wave e ros ion  
a t  Cape Shoalwater. 

Low, w i d e l y  spaced, exten- 
s i ve  swale l a k e s  and bogs. 
North end i s  undis turbed - 
S ta te  park and w i l d l i f e  
refuge. 

(Cape Disappointment, 
Ocean Park, Oystervl'lle, 
North Cover; 7.5' Ser ies1 



L o c a l i t y  number Locat ion Dune form(s)  
and name (USGS map quadrangle 

General fea tu res  

4. Clatsop P l a i n s  Clatsop County, Oregon 

Mouth o f  t h e  Columbia R ive r  
south 26 km t o  Seaside, 
pas t  t h e  o u t l e t  o f  t h e  
Necanicum R iver .  

(Warrenton, Gearhart, 7.5' 
Ser ies;  Cannon Beach, 15 '  
Ser ies  ) 

5 .  Nehal em R iver  T i1 1 amook County, Oregon 

The mouth o f  Nehalem Bay 
n o r t h  8 km t o  Neahkahnie 
Mountain, and eas t  t o  
Neahkahnie Lake. 

Nehalem, 15 '  Ser ies )  

6. Rockaway Til'lamook County, Oregon 

Rockaway n o r t h  4 krn t o  
Nedonna Bach, and south 
2.5 km t o  Spr ing  Lakes. 

(Nehalem, 15'  S e r i e s )  

7. Ti l lamook Bay Ti l lamook County, Oregon 

Watseco south 2.2 km t o  
the Ti l lamook Bay j e t t y ,  
eas t  t o  Smith Lake; 
Kincheloe P o i n t  south 6.5 
km t o  Cape Fleares. 

(Nehalem, 15'  Ser ies )  

8. Ne ta r ts  Bay Ti l lamook County, Oreson 

From 1 km south o f  Ocean- 
s ide  south 2.1 km t o  the  
south end o f  Netar ts ;  
e n t i r e  Ne ta r ts  s p i t  south 
8 km t o  Cape Lookout. 

9. Sand Lake 

(Ti l lamook, 15 '  Ser ies )  

T i  11 amok County, Oregon 

South s ide of Cape Lookout 
south 8 Cm t o  T i e r r a  Eel 
Mar. 

P a r a l l e l  r i dge .  Prograding shore w i t h  we1 1 - 
de f ined  r idges ,  a t  l e a s t  
9 i n  some pl aces (Note 1 ) . 

Parabola dune. Bay 
dune south ha1 f. 

Para1 lel r idge .  

Formed by southwest winds 
(Note 2 ) .  Most ly  o b l i t e r a -  
ted by human a c t i v i t y .  

S ing le  dune r i d g e  on a 
b a r r i e r  beach. 

Parabola dune. Bay Much-eroded parabol a dune 
dune on t h e  s p i t .  n o r t h  o f  T i1  1 amook Bay 

entrance. Large s p i t  w i t h  
t rough  blowouts. S i t e  o f  
Bayocean Resor t  destroyed 
by eros ion.  

Parabola dune. Remnants of 3 l a r g e  para- 
Bay dune on adjacent  b o l a  dunes n o r t h  o f  the 
s p i t .  s p i t .  S p i t  l a r g e l y  undis-  

turbed (Note 3). 

Parabola dune. Eassive, a c t i v e  parabola 
dunes extending 6 km 
i n l a n d  (Pppendix 11). 

(T i l lamook,  1 5 '  Ser ies )  



Local i ty  number Location Dune form(s)  
and narre f USGS map quadrangle 

General f e a t u r e s  

20. Nestucca Bay Tillamook County, Oregon 

From 2 k m  north of Cape 
Kiwanda (Miles Lake) south 
8.5 k m  t o  the end of t h e  
north s p i t  of Nestacca Bay. 

(Hebo, 15 '  S e r i e s )  

11. Neskowin Ti 1 l amook County, Oregon 
Creek 

From Dal ey Lake, 1 . S  km 
southwest of Oretown, 
south 5.2 k m  t o  the  o u t l e t  
of Neskowin Creek. 

(Hebo, 1 5 '  S e r i e s )  

12.  Salmon River Lincoln County, Oregon 

South s i d e  of t h e  o u t l e t  
of  t h e  Salmon River, 4 km 
north of  Roads End. 

(Hebo, 1 5 '  S e r i e s )  

13. Devils Lake Lincoln County, Oregon 

From t h e  out1 e t  of Devil ' s  
Lake north 4.5 k m  t o  Roads 
End. 

(Cape Foulweather. 15 '  
Ser ies  ) 

14. Si le tz  Bay Lincoln County, Oregon 

North of  Gleneden Beach; 
e n t f r e  south s p i t  of 
Si le tz  Bay, 4 k m  long. 

(Cape Foulweather, 15 '  
Ser ies  l 

Parabola dune. 
on s p i t  t o  t h e  

Bay Dune Three massive parabola 
south. d u n e s , b e i n g s t a b i l i z e d b y  

recen t  pl an t ings .  So i l  
p r o f i l e s  on Cape Kiwanda. 

Remnant parabola dune. Narrow beach-dune b a r r i e r ,  
Para1 1 el r idge.  considerable  erosion a t  

present .  

Remnant parabola dune. Small a r e a  a t  r i v e r  mouth 
with no predominant dune 
form. 

Remnant parabola dune. Three narrow remnants 
perched on a t e r r a c e  
c l i f f .  No connection with 
the  beach. Dense residen-  
t i a l  development. 

Bay dune. Extensive r e s i d e n t i a l  
development. S i t e  of 
recent  severe erosion 
(Chapter 6) .  P e s t r i c t e d  
access .  

7 f - .  Y a q u i ~ a  Bay iinco1 n County* Oregon Remnant parabola dune. Parabola p a t t e r n  north 
Para1 le l  r idge.  of r i v e r  o b l i t e r a t e d  . 

&out 0.8 k m  north o f  t h e  Progradfng shore south 
mouth of  Yaquina Bay ( t h e  of r i v e r  with well-  
s h o r t ,  stubby " s p j t " )  ; defined r idges.  
Yaquina Bay 3 k m  south t o  
Henderson Creek. 



Local i t y  number Locat ion Dune fo rm(s )  General fea tu res  
and name (USGS map quadrangle I 

16. A1 sea Bay L i n c o l  n County, Oregon Parabola dune. Narrow parabola dunes, 
now mos t l y  obliterated 

From t h e  end o f  t h e  n o r t h  by r e s i d e n t i a l  devefop- 
s p i t  o f  Alsea Bay n o r t h  ment, 
5 km t o  the  o u t l e t  o f  Fox 
Creek. 

(Waldport, 7 5 '  Ser ies )  

17. Tenmile Creek Lane County, Oregon Remnant parabola dune. Sma71 e ros iona l  remnant 

area perched on t e r r a c e  

Out1 e t  o f  Tenmile Creek, c l i f f .  

10 krn south o f  Yachats. 

(Heceta Head. 15 '  Ser ies )  

18. China Creek Lane County, Oregon 

South s ide  o f  China Creek 

from the  o u t l e t  o f  China 

Creek south 4 km t o  the n o r t h  

s ide  o f  Heceta Head. 

Parabola dune. Narrow parabola dunes 

formed by nor thwest  

winds. Completely 

vegetated. 

(Heceta Head, 1 5 '  Ser ies )  

19. Siuslaw R iver  Lane County, Oregon S t a b i l  i z e d  para1 1 e l  Low dunes extending 4.5 km 
North r idge .  Farabol a dune. i n 1  and. Extensive f o r e s t  

From the  south base o f  vegetat ion.  Considerable 
Heceta Head south 14  km r e s i d e n t i a l  development 
t o  t h e  Sius law R i v e r  (Hote 4). 
(Florence), and eas t  4 
km t o  Mercer Lake and 
Clear  Lake. 

(Heceta Head, 1 5 '  Ser ies )  

20. Siuslaw R iver  Lane County, Cregon 
South 

Nor th end o f  the south 
s p i t  o f  t h e  Siuslaw 
R i v e r  south 75 km t o  the  
S i l t c o o s  R iver ;  west o f  
US 101. 

Transverse r i d g e  Extensive a c t i v e  dunes. 
He7 1 -developed t ransverse 
r i d g e  and ob l ique  dune 
pat terns.  Very l i ttl e 
f o r e s t  vegetat ion.  

( S i ?  tcoos Lake, 1 5 '  
S e r i e s )  



Local i t y  number Location Rune form(s)  
and name (USGS map quadrangle ) 

General fea tu res  

21. Umpqua R iver  Lane and Douglas County, Transverse r idge .  Bay R e l a t i v e l y  narrow s t r i p ,  
North Dregon dune a t  south end. few o b l i q u e  dunes. 

Parabola dune. Massive parabola dunes a t  
S i l t c o o s  F i v e r  south 23 Tahkeni t c h  Creek formed 
km t o  the end o f  the  by bo th  nor thwest  and 
n o r t h  s p i t  o f  the  Umpqua southwest winds. 
River ,  west o f  US 101 

( S i l  tcoos Lake, Reedsport; 
15'Series).21. 

22. Umpqua R iver  Douglas and Coos County, Transverse Ridge. Broad area o f  ex tens ive  
South b e g o n  a t  south end. t ransverse r idges ,  

ob l ique  dunes, and 
Umpqua R i v e r  south 10.5 f o r e s t  remnants. F i v e  
km t o  Tenmile Creek; west g i a n t  parabola dunes a t  the  
o f  US 101. n o r t h  end (Note 5 and 

Apendix 11). 
(Reedsport, 15 '  Ser ies ]  

2 3 .  Coos Bay Coos County, Oregon Transverse r idge .  A broad, low area w i t h  many 
P a r a l l e l  r i dge .  lakes. Complex mosaic o f  

Tcnmile Creek south 17 Bay dune a t  south end. vegetat ion and a c t i v e  sand. 
km t o  the end of the 
n o r t h  s p i t  o f  Coos Bay; 
west o f  US 101. 

(Reedsport, 75' Series; 
Empi re ,  (Charleston, 7.5 ' 
Ser ies ) 

74. Coqtr i l le  R ive r  Coos County, Oregon 
t lor th  

South end o f  the n o r t h  
s p i t  o f  the  Coqu i l l e  
R ive r  n o r t h  10 km t o  the 
o u t l e t  o f  Whisky Run 
Creek . 
faandon, 1 5 '  Ser ies )  

Para1 l e l  r i dge .  Widely spaced r i d g e s  w i t h  
broad d e f l a t i c n  p l a i n s .  
Old-growth f o r e s t  c u t .  

25. r o q u i l l e  R i v e r  Coos County, Ore= Para1 1  e l  r i dge .  
South 

South s ide o f  Coqu i l l e  
P a i n t  (Bandon) south 
11 k m  t o  the  o u t l e t  o f  
Fourmi l e Creek. 

26. Fourmile Creek Coos and Curry County* 
'Dreoon - 
C u t l e t  of Fourmi l e  Creek 
south 14 krn t o  F lo ras  
Lake. 

Para1 l e l  r i dge .  
Parabola dune. 

S i m i l a r  t o  L o c a l i t y  24. 
Extensive meadows. Long 
h i s t o r y  o f  a g r i c u l t u r a l  
use on the  broad d e f l a t i o n  
p la ins .  

Broad, low area. Ridges 
and o l d  parabolas n o r t h  
end; ac t i ve ,  small ,  
tongue-1 i ke parabolas over  
remainder o f  t h e  area 
i f o r n ~ e d  by Nbj wind). 

[Bandon, Lariglois,  Cape 
Blaqco; 1 5 '  Ser ies )  



Local i t y  number Location Dune form(s)  General f e a t u r e s  
and name ( USGS map quadrang? e )  

27. Sixes River Curry County, Oregon 

South s i d e  o f  t h e  o u t l e t  
of t h e  S ixes  River, 2 km 
north of  Cape Blanco. 

Para l l  el r idge .  
Parabola dune. 

28. Elk River Curry County, Oregon Para1 l e l  r idge .  

South s i d e  o f  t h e  o u t l e t  
of t h e  Elk River, 5.5 km 
south of Cape Blanco. 

(Cape Blanco, 15 '  S e r i e s )  

29. Euchre Creek Curry County, Oregon 

Out1 e t  of  Euchre Creek, 
2.5 k m  south of P o r t  
Orford. 

( P o r t  Orford, 15 '  S e r i e s  

P a r a l l e l  r idge .  

30. P i s to l  River Curry County, Oregon Parabola dune. 

Out le t  of t h e  P i s t o l  River, 
17 k m  south of  Gold Beach, 
south 3 k m  t o  Crook Point.  

(Gold Beach, 15 '  S e r i e s )  

31 . Point  S t .  George Eel Norte County, Parabola dune 
Cal i forni  a .  

End of  t h e  south s p i t  of  
t h e  Mad River, 18 km south 
t o  Point  S t .  George and 
Crescent City . 
(Crescent  Ci ty ,  1 5 '  S e r i e s )  

32. Big Lagoon Humbol d t  County, 
Ca l i fo rn ia .  

Redwood Creek (Orick ) 
south 46 km t o  P a t r i c k ' s  
Po in t  (Dry Lagoon S t a t e  
Park. 

Bay dune. 

Very small a r e a  with 1 
r idge  and 1 small parabola 
dune. 

Remnant r idges .  Extensive 
a g r i c u l t u r e  and l oggi ng. 

Small a rea  with one r idge.  
Gray sand. 

S t a b i l i z e d  and a c t i v e  dune, 
formed by northwest winds. 
Largest dune a rea  i n  Oregon 
south of  Loca l i ty  26. 

Formed by northwest winds. 
Mostly tongue and trough 
parabolas ,  bu t  3 l a r g e  
parabolas  t o  south. 
History of a g r i c u l t u r a l  use 
(Rote 6). 

Long, narrow bay h a r r i e r s .  
Black, coarse sand. 

(Podgers Peak, Orick,  
Trinidad;  7 . 5 ' S e r i e s  



Local d t y  number Locat ion Dune form( s)  
and name (USGS map quadrangle I 

General fea tu res  

33. Wumbo? t Bay Pumbol d t  County, Para1 1 e l  r idge.  S t a b i l i z e d  r idges.  Ac t i ve ,  
Cal i  f o r n l a .  Parabola dune. small  parabolas formed by 

Bay dune. nor thwest  winds. S p i t s  
North and south o f  Eureka n o r t h  and south o f  bay 
and Humboldt Bay, from the  entrance (Note 7.) 
Mad River ,  38 km south t o  
the  Eel River .  

(Eureka, Ferndal e, 1 5 '  
Ser ies )  

Note 1. An e x c e l l e n t  cross sec t ion  o f  t h e  p a r a l l e l  r i d g e  system here can be seen a long t h e  Sunset 
Beach Road which heads west o f f  US 101 about 8.5 km (5.3 mi I south o f  Warrenton. A t  t h i s  
p o i n t  US 101 runs along t h e  c r e s t  o f  t h e  r i d g e  t h a t  i s  second from t h e  i n n e r  margin. Sunset 
Beach Road c u t s  through o r  over 9 r idges,  and crosses an in terdune l a k e  (Sunset Lake). 

Note 2. A l l  o f  t h e  parabola dunes down t o  L o c a l i t y  17 a re  formed by t h e  southwest winds o f  w in te r .  
From L o c a l i t y  18 south, most a re  formed by the  nor thwest  winds o f  w in te r .  The main excep- 
t i o n s  a re  on L o c a l i t y  22. 

Note 3. Ne ta r ts  s p i t  ( L o c a l i t y  8 )  i s  owned by t h e  S ta te  o f  Oregon. It i s  e s s e n t i a l l y  undis turbed,  
and an e x c e l l e n t  example o f  a bay dune system. It can be reached through Cape Lookout S t a t e  
Park. 

Note 4. L o c a l i t y  19 has several i n t e r e s t i n g  features. L i l y  Lake a t  t h e  extreme n o r t h  end i s  a p r i s -  
t i n e  dune lake. There i s  no easy access, b u t  i t  can be vfewed from above on the highway. 
The lake  i s  a t  present  i n  some danger o f  d is turbance due t o  adjacent  p r i v a t e  development. A 
s i d e  road 8.C km (5.0 m i )  n o r t h  o f  Florence ( j u n c t i o n  o f  US 101 and Oregon 126) leads  t o  t h e  
D a r l i n g t o n i a  Wayside. Here, associated w i t h  t h e  western red  cedar/smooth Labradar-tea com- 
muni ty  i s  a f i n e  stand o f  C a l f f o r n i a  p i t c h e r - p l a n t  ( D a r l i n  t o n i a  c a l i f o r n i c a ) .  J u s t  a few 
meters south o f  t h i s  road, the  Sut ton Creek Road (a &Service road)  heads west O 
the  beach, Along t h i s  road are good views o f  the  low, undulat ing,  ridge-and-swale topography 
s f  t h i s  1 ocal  f l y .  The predominant vegetat ion i s  approximately 100-yr-old 1 odgepole pfne/ -  
western rhododendron f o r e s t .  At  the end o f  t h e  road i s  a p i c n i c  area, and access t o  Su t ton  
Creek and the  beach. There i s  a l s o  a stand o f  the  w i n t e r  f l o w e r i n g  shrub, wavy-leaf s i l k -  
t a s s e l  (Garrya e l l f p t i c a ) ,  around the park ing  l o t .  

Mote 5, The very l a r g e  parabola dunes nex t  t o  Clear Lake on L o c a l i t y  22 have w e l l  -developed c l  i m l x  
f o r e s t  {Douglas f i r / w e s t e r n  rhododendron) on t h e i r  s t a b i l i z e d  l e e  slopes. There i s  no easy 
access. However, f o r e s t  o f  t h i s  type can be seen a long the  t r a i l  t h a t  leads from t h e  Tahken- 
i t c h  Creek Campground t o  the open dunes ( L o c a l i t y  21 1. 

Note 6. The e a s i e s t  access t o  t h e  dunes o f  L o c a l i t y  31 i s  a long the Kel logg Beach road wh-ich can be 
reached by turnl'ng off  US 101 onto County D3 on the south s ide  o f  t h e  Smith River .  Turn 
n o r t h  on Lake E a r l  Road, then west on Mosely Road, then south on Lower Lake Road t o  Ke l fogg  
Road. There a re  o ther  access p o i n t s  j u s t  n o r t h  of Crescent C i t y .  The e n t i r e  dune area west 
of Lake E a r l  i s  owned by  the  S t a t e  and open t o  the p u b l i c  (though v e h i c l e s  are p r o h i b i t e d  i n  
most p laces f .  

Note 7. The l e a s t  d fs tu rbed  dunes of t h i s  1 ocal i t y  7 i e  j u s t  south o f  the  mouth o f  Mad River .  Take 
t h e  f i r s t  e x i t  o f f  US 101 south of the  r i v e r ,  and f o l l o w  t h e  r i v e r  mouth access road. It i s  
a l s o  poss fb le  t o  v i s i t  t h e  Eanphere-Christensen Dunes Preserve, b u t  permiss ion i s  necessary. 
For  fn format ion,  call t h e  Preserve (757/822-6378) o r  w r i t e :  Dr. Ken Lana, Department o f  B io-  
IogScal Sciences, HSU, Arcata, CA 95521. Of p a r t i c u l a r  i n t e r e s t  on the Preserve a r e  areas o f  
humnock foredune formed by  n a t i v e  species; European beachgrass, so p r e v a l e n t  elsewhere, has 
n o t  y e t  taken over  here. It i s  a lso  poss ib le  t o  see some o f  t h i s  " n a t i v e  foredune" a long the 
south s p i t ,  reached by t r a v e l i n g  through Eureka, around South Bay, and over  Table B l u f f .  The 
dunes on t h e  n o r t h  s p i t ,  around Elatlila, Samoa, and the Coast Gbard StatSon have been severe'fy 
dis turbed.  



APPENDIX B B  

DESCRIPTIONS OF SPECIFIC DUNE AREAS 

Detail ed descriptions of tvlo sand dune systems. Incl udes 
geographic l ocation, dune forns, plant comuni t i e s ,  and 
suggested f i e ld  t r i g  route. 

SA!iD L A K E  ( L O C A L I T Y  9 ) .  
Pap, Appendix Figure 11-1; and Figures 19, 22, 27,  44. 

This is  an ex tens ive  parabo la -  
dune systen reflecting three epi-  
sodes or periods of dune act ivi ty .  
The parabola dunes of the f i r s t  two 
episodes remain as two sets  of stah- 
i t  ized dune ridges, one set  enclosed 
within the other. Three parabola 
dunes of the third episode are pres- 
erltly active. This systerri has been 
formed in i t s  ent i rety by the south- 
southwest winds of winter which 
drive ttte dune sands onto the south 
flank of Cape Lookout. The long 
axi s of the system ( trending roughly 
northeast to southwest) extends over 
6 km. Most of the area i s  U.S. 
Forest Service land, the r e s t  i s  
owned by Tillarnook County, the Boy 
Scouts of Anerica, and private in- 
dividual s.  Sand take i t s e l f  i s  a 
s a l t  water lagoon bordered by s a l t  
marsh. A few snall streams enter i t .  

The dune forms that  can be seen 
on this system are: active parabola 
dune, stabilized dune ridge, retcn- 
t i  on ridge, foredune, sand humocks , 
deflation plain, sand plain, blow- 
o u t ,  ephemeral pond, and dune lake. 
It i s  a1 so a good place to see ORV 
act ivi ty  (par t icular ly on 3 4 a y  
sumer weekends), and the effects  of 

ORV act ivi ty .  There are exposures 
of Pleistocene sand along the beach, 
This substratirrn s lants  upward toward 
Cape Lookout, appearing f i r s t  just  
north of the beach access road. The 
plant co~lmunities found on th i s  dune 
systen include: 

American dunegrass--ye? low 
sandverbena 

European beachgrass 
seashore b l  uegrass--beach pea 
red fescue--dune go1 denrod 
red fescue--seashare 1 upine 
sickle-leaved rush--spri ngbank 

cl over 
slough sedge--Paci f i c  s i  l verweed 
sal a1 --evergreen huckleberry 
kinni k i  nnick/silver moss 
Hooker wil low--Paci f i c  wax-cnyrtl e 
1 odgepol e p i  nelwestern 

rhododendron 
l adgepol e pi nelbri s t ly  manzani ta 
Si t k a  spruce--1 odgepole pine/- 

pi ne/Hooker w i  11 ow/Oregon 
beaked moss 

Douglas fir/western rhododendron 

This dune system can be reached 
from both the north and south. From 
the north, turn west off US 101 in 
downtown Tillanook on the road to  
Cape Lookout State Park over Cape 



C] OPEN S A N D  

S T A B f I I Z E D  DUNE RIDGES 

a TRANSVERSE R l D G E  

ACTIVE DUNE RIDGE 

0 DEFLATION PLAIN 

a EUROPEAN BEACHGRASS 

I 
MILES 

Figure 11-1. Sand Lake sand dunes (Locality 9). The suggested explora 
walk i s  shown as a d o t t e d  line ( " t r a i l  "1. Vegetation i s  no t  shown for 
area surrounding the dune system. 
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Lookout. Shortly a f t e r  the descent 
from the Cape begins there are  two 
"scenic over1 ooks" that  provide pan- 
oramic views of the dune system and  
Cape Kiwanda t o  the south (these 
overlooks are within 1.0 km (0.6 m i )  
fron the Cape Lookout t ra i lhead) .  
A t  the base of the Cape, the road 
crosses the northern end of the dune 
system, cutting through the two 
stabilized ridges of the oldest par- 
abola dune (Episode I ) .  The ridges 
formed by the dune of the second 
episode have been destroyed i n  t h i s  
area by the erosional act ivi ty  of 
the current episode. Shortly past 
the second (eastern)  ridge, there i s  
a "T" road junction. Turn r ight  
(south) to  the Sandlake junction 
(1.5 km; 1.0 mi). A small store and 
service s tat ion i s  located on the 
corner, 

To get t o  th i s  point from the 
south, leave US 101 a t  tile Pacific 
City turnoff, 2 2  km (14 m i )  north of 
the junction of US 101 and Oregon 
18 a t  Lincoln Citye20 Proceed 
through Pacific City, past Cape 
Kiwanda, and through Tierra del Flar 
to  the Sandlake junction (17.5 kn; 
14.4 n i l .  

A t  the Sandlake s tore ,  t u r n  west 
on the Ga71oway Road. There i s  
another "T" junction 1.0 kn (0.6 ni ) 
fron the store.  Turning north on 
t h i s  road leads to  the northern part  
of the dune system. Continuing 
west, the Galloway Road turns south- 
ward a t  the base of the massive 
outer dune ridge and paral le ls  i t  
for some distance. A t  the end of 

the ridge i t  heads west again t o  the 
beach. The campground l i e s  to  the 
south of t h i s  beach access road. 

The best way to view the area 
would be t o  walk from the sand s p i t  
a t  the south end of the system ( the 
entrance to  Sand lake) northeast up 
the axis of the dunes to  the gravel 
road that  crosses the dunes a t  the 
north end, 5.5 km (3.4 m i ) .  Return 
to  the south end by the roads around 
the eas t  side, or by walking down 
the beach. 

The end of the sand s p i t  i s  Snowy 
Plover nesting habitat ,  b u t  birds 
have not been seen i n  t h i s  area for  
some time. The area between the 
s p i t  and the beach access road has 
well developed fordune and sand hum- 
mocks. 0RV's are  prohibited i n  this 
area. The predominant pl  ant commun- 
i ty i s EUROPEAN BEACHGRASS irri t h  
maritime pea. Remnants of the YELLOW 
SAIIIDVERBENA--AMER ICAN DUNEGRASS com- 
munity are  scattered about. In the 
central part ,  away fron the blowing 
sand, European beachgrass i s  decl i n -  
ing i n  vigor, and the R E D  FESCUE-- 
D U N E  GOLDENROD, and R E D  FESCUE--SEA- 
SHORE LUPINE comuni t i e s  are devel- 
opi ng. The campground i s establ i shed 
on the s i t e  of a European beachgrass 
nursery planted around 1940. The 
high sand ridge to  the west and 
south of the campground i s  actually 
a foredune-1 ike ridge produced as  
sand from the then-bare sp i t  was 
blown onto the grass around the 
edges o f  the plantation. The vege- 
ta t ion of the campground area i s  a 
complex collection of native and 
disturbed-area exotic species. 

20This route passes through the 
dune system of Locality 10. A stop 
should be made a t  Gape Kiwanda to  
note the ser ies  of buried soil  pro- 
Fa'les i n  the sand piled on top of 
the Cape which l i e s  t o  the north of 
the beach opposite Haystack Rock. 

The area from the beach access 
road north to  the Cape Lookout Road 
(paved) i s  open t o  ORV act ivi ty .  
The two forested h i l l s  t o  the eas t ,  
and just  north o f  the beach road, 
are remnants of the ridges formed by 
the f i rst-  and second-ep i sode par- 



abol a dunes. These rid yes extended 
to the present day shoreline, and 
far ther ,  i n  the past since they \rere 
forned a s  sea level was rising. 
Since re1 a t i  ve s t ab i l i t y  of sea 
level was attained there has been 
erosion of the seaward ends of the 
ridges both by wave and w i n d  action. 
A few hundred meters north of the 
beach road, the Pleistocene sand 
substratum i s  exposed along a small 
seasonal creek draining onto the 
beach. Just  beyond t h i s  point the 
extensive deflation plain of Dune I 
( the  most recent) begins.21 

On t h i s  deflation plain, the 
nost widespread connuni t y  i s  the R E D  

FESCUE --SEASWORE LUPINE. There are 
patches o f  the SICKLE-LEAVED RUSH-- 
SPRINmANK CLOVER and SLOUGH SEDGE--  
PACIFIC SILVERWEEP comluni t i e s  a1 so 
scattered about. Because the defl a- 
tion plzin i s  heavily used by ORV 
enthusiasts a s  a campground, only 
remnants of the SALAL --EVERGREEN 
H U C K L E B E R R Y  and HOOKER MILLOW--PAC1 - 
F IC WAX EIYRTLE shrub cornnuni t i c s  
remai n. Scattered l odgepol e pi ne i s 
a1 so present. Without disturbance, 
the lowest part  of the deflation 
plain ( t h e  western edge) would be a 
1 odgepol e pi ne thi cket today, A1 ong 
the eastern edge, idhere the surface 
slopes gradually upward, the SEA-  
SHORE BLUEmASS--BEACH PEA and the 
R E D  FESCUE-DUNE GOLCENROD cornmuni- 
t i e s  are found, along with nany 
European beachgrass hun~ocks. 

The sand ridge to the eas t  of 
the deflation p l a i n  and the l i n e  of 
dissected knolls Lo the west are 
b o t h  p a r t  of the marginal ridges o f  
Dune I ,  Prior t o  the advent of the 
ORV,  the west ridge was more contin- 

zlTB7e active parabola dunes are 
numbered sequentially Frsn south t o  
north. 

uous, wi t k  stabi l i zi ng herbaceous 
vegetation covering much of i t .  
Native sand hummock species were 
also connon. Today only fragments 
of the NIER ICAN DUNEGRASS--YELLOW 
SANDVERBENA community can be found. 
The ea r l i e r  dune ridges of the f i r s t  
and second episodes have been de- 
stroyed by erosion i n  t h i s  area, and 
their  sands incorporated into the 
present active dunes. Seaward of 
the western ridge i s  a complex of 
knolls and blowouts, a l l  associated 
w i t h  the development of Dune I (and 
i t s  predecessors). One of the high- 
e s t  knolls has buried soil  profi les  
exposed on i t s  eroding sides. One 
of the profiles i s  thick and we1 7 
developed, indicating long estab- 
lished forest  on the s i t e .  I t  
probably belongs to the parabola 
dune ridge of the f i r s t  episode. 

The many dead t rees  on both 
sides of the windward slope of the 
parabola dune indicate the presence 
of we1 1 -dewel oped forest  prior to  
the current episode. From the c r e s t  
of t h i s  dune (Dune I ) ,  the windward 
slope of the next dune (Dune 11) can 
be seen s t ra ight  ahead. A t  the base 
of the sl ipface of Dune I there i s  
usually an ephemeral pond i n  spring 
and summer u p  t o  a meter deep. The 
forest  on both sides i s  primarily 
LODGEPOLE PIME/WESTERN RHODODENDRON 
community. From the c res t  of Dune 
I I ,  the highest of the currently 
active dunes, a view can be had t o  
the f a r  end of the complex. The 
active "sand c h a n n e l l V s  very con- 
s t r ic ted  here, accounting for the 
height of the sand mass. A t  the 
base of the dune i s  a large blowout- 
l ike  bowl formed as a resu l t  of the 
pl anti ng  of European beachgrass 
across the path o f  the dune i n  1967. 
The planting was to protect a road 
that  was to  be bu i l t  into a gro- 
jected campground on the west dune 
ridges. The present appearance of 
the s i t e  i s  the resu l t  of sand de- 



position in the grass and ORV 
ac t iv i ty .  

The "sand channel" widens to  a 
broad sand plain leading to  the  
windward slope of Dune 111. The 
form of t h i s  dune i s  complicated by 
another European beachgrass planting 
made in the 1950's t o  protect a 
telephone l i n e  and t r a i l  in to  the 
Boy Scout Camp. The dune has now 
passed over the planting, raising i t  
a considerable distance ( the fore-  
dune e f f e c t ) ,  b u t  the c re s t  i s  more 
spread out because of the grass. I t  
i s  the smallest of the three active 
dunes. What would be Dune IV, the 
f i r s t  t o  pass along the axis ( t h o u g h  
m l y  there could have been more 
than one) i s  now against the noun- 
ta in  front  i n  the form of a broad, 
slowly advancing retention ridge. 
The very broad area of sand plain 
here is the resu l t  of a long period 
cf blowout ac t iv i ty .  I t  is  slowly 
being s tahi l  ized by the R E D  FESCUE-- 
D U N E  GOLDENROD and KINNIK INNICK/- 
SILVER MOSS communities with scat-  
tered lodgepole pine. There has 
been much destruction o f  this  vege- 
tation by ORV act ivi ty .  As recently 
as 15 y r s  ago the area between Dune 
11, the forest ,  and the gravel road 
was almost ent i rely covered by a 
carpet of s i lve r  moss and k i n n i k i n -  
nick. Just  across the gravel road, 
opposite Dune 111, i s  a fence con- 
structed by a private property owner 
to  exclude ORV t r a f f i c .  The d i f fe r -  
ence in vegetation development on 
the two sides of the fence i s  
obvious. 

The gravel road t h a t  runs past  
the front of Dune 111 i s  the same 
one mentioned above tha t  heads north 
off Galloway Road. I t  crosses the  
two eas t  dune ridges before reaching 
the open sand plain. Jus t  past the 
l i t t l e  patch of old fores t  a t  the 
base of Dune I I I  (developed a f t e r  
Dune IV passed through) the road 

forks. The l e f t  fork i s  a former 
access road to the Boy Scout Camp. 
The r i g h t  fork crosses over the mas- 
sive west dune ridge, descending the 
outside of the ridge to  intersect  
the Cape Lcokout highway. A small 
b u t  excellent example of the dune 
climax DOUGLAS FIR/WESTEPM RHODODEN- 
DRON forest  i s  found on th i s  dune 
slope. 

O f f  to  the west side of Dune 
111, i n  the open forest  a t  i t s  base, 
i s  the beginning of a t r a i l  that 
heads southwest over the dune ridges 
toward the beach. Since i t  i s  
heavily used by ORVs now i t  should 
be easy to  find. I t  was bu i l t  orig- 
inal ly  during World War 11 as a jeep 
t r a i l  to carry supplies into coast 
lookouts on the beach c l i f f .  This 
t r a i l  was also used for many years 
as access t o  the Boy Scout Camp dur -  
i n g  the time tha t  the scouts were 
required to  wa1 k into the canp from 
an unloading point eas t  of the dune 
complex. The t r a i l  crosses the two 
west dune ridges. There i s  a mix- 
ture of forest  communities along 
this t r a i l .  On the higher ridge 
slopes and tops, the LODGEPOLE 
P INE/WESTERN RHODODENDRON communi ty 
predominates. There are large, old 
Doug1 as f i r  present, indicating an 
approach t o  the dune climax f o ~ e s t  
community. In the deep swales be- 
tween the ridges, the SITKA SPRUCE- 
LODGEPOLE PINE/HOOKER WILLOW/OREGON 
BEAKED MOSS community is  found. 

A t  the top of the outer ridge 
the ORV t r a i l  turns more southward 
along what used t o  be the Coast 
Guard communi ca t i  an-l ine maintenance 
t r a i l .  I t  had a l l  b u t  grown over 
when the f i r s t  OWVs arrived. I t  
passes through LODGEPOLE PIME/BRISTLY 
tslWEdZANITA fores t ,  3nd then thickets 
of young lodgepole pine and Si tka 
spruce before cowing o u t  sn the sea- 
ward side of the west margi na1 ridge 
of Dune 1. The origs'nal t r a i l ,  now 



obscure and blocked by fa1 len t rees ,  
continues down the seaward side of 
the dune ridge. A t  the base of th i s  
ridge i s  Chamberlain Lake, formed 
when t h i s  f i r s t  parabola dune damned 
a small stream. I t  i s  easily seen 
from the old t r a i l .  The lake and 
surrounding area i s  on land owned by 
the Boy Scouts of America. Anyone 
wishing to  explore th i s  area should 
obtain persmission from the resident 
camp ranger. 

I t  i s  possible t o  get to  the 
beach through the Boy Scout camp or 
from a nunber of points along the 
ORV t r a i l ,  Once on the beach, there 
i s  access to  the base of Cape Look- 
out to  the north, and to  the beach 
road a t  the south end of the system. 
Of special in te res t  i s  the drainage 

of Chamberlain Lake from the base of 
the sea c l i f f  over black cobble 
beach; and the sea cl i f f  i t s e l f ,  
composed of very old, compacted 
sands, discolored by long-term chem- 
ical weathering processes. 

 he en t i r e  t r i p  will take 4 to  6 
hrs ,  though more should be allowed. 
I n  bad weather, or for a shorter 
t r i p ,  s t a r t  from the gravel road a t  
the north end, and walk south t o  
Dune 111. Thjs can he accomplished 
in 1 to  2 hrs. I t  i s  a lso possible 
to  walk from e i ther  the gravel road 
or the paved Cape Lookout Road north 
over the sand plain (ORVs not per- 
mitted i n  the area north of the 
paved road) t o  the retention ridge 
which i s  the edge of the dune system 
lying against Cape Lookout. 

TEMMILE CREEK (LOCALITY 2 2 ) .  
Map, Appendix Figure 11-2: Cover; and Figure 14 

The dunes between the Siuslaw 
River and Coos Bay (Localities 20 to 
23) are a11 part  of a n  extensive 
transverse ridge system in which the 
predominate dune forms are the 
resul t  of the interaction of sand 
and wind.  Almost any access point 
to the dunes i n  these four local i -  
t i e s  will provide good examples of  
aany of the dune forms and plant 
cornunities discussed in t h i s  report. 
The specific area described here i s  
accessible throtigh the Eel Creek 
f ampground of the U. S .  Fares t 
Service, located near Lakeside, 
Oregon, on US 101. The campground 
entrance i s  17.5 km (11.0 m i )  south 
of the junction o f  tlS 101 and Oregon 
38 i n  Reedsport, Oregon. 

The dune Forms t h a t  can be seen 
here are : obl i que dune, transverse 
r i d ~ e ,  blowout, dune ridge, reten- 
tion ridge, swale, epher~(era.9 pond, 
deflation plain, foredune, sand hum- 

mock, and sand plain. The plant 
communities that  can be see include: 

European beachgrass 
seashore bl uegrass--beach pea 
red fescue--dune goldenrod 
red fescue--seashore 1 upine 
sick1 e-leaved rush--springbank 

cl over 
slough sedge--Pacific silverweed 
sal a1 --evergreen huckl eherry 
kinnikinnick/sil ver moss 
Hooker wil low--Pacific wax-myrtl e 
1 odgepol e p i  ne/bri s t ly  manzani ta  
Si tka spruce--1odgepole pine/- 

Hooker willow/Oregon beaked 
moss 

l odgepal e p i  ne/sl ough sedge 
Doug1 as f i r/western rhododendron 

western hemlock--Sitka 
sgrucelsal a7 /deer fern 

The Lrar'l from the parking l o t  
passes for a short distance over a 
dut7et ridge that i s  the eastern 
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Figure 11-2. Tenmile Creek sand dune area (Locali ty 2 2 ) .  The dotted l ine  i s  
a suggested exploratory route. The forest  on the south side o f  Tenmile Creek 
i s  n o t  shown. 



margin of the dune system. There i s  
DOUGLAS FIR/WESTEF?N RHODODENDRON 
fores t  on the side of the ridge, and 
on the tcp, an excel len t  example of 
LODGEPOLE PINE/BRISTLY MANZANITA 
forest .  A short ,  branched staircase 
t r a i l  leads soirth to  a large saucer 
blowout tha t  i s  being stabilized by 
the R E D  FESCUE--DUNE GOLDENROD and 
KINNIKINNICK/SILVER MOSS communities. 
Beyond the s taircase,  the t r a i l  
branches t o  the r ight ;  continue 
s t ra ight  ahead to  emerge onto the 
active sand area. Both north and 
south from th i s  point, a retention 
ridge i s  slowly invading the estab- 
1 i shed forest .  

Straight ahead i s  the inner end 
of an oblique dune. From the top of 
t h i s  dune there i s  a good view of 
the ent i re  area to  be discussed. To 
the north and soutb are similar 
oblique dunes, including a very high 
one far ther  north that  i s  apparently 
passing over a forested remnant, 
since there are both l ive and dead 
trees emerging from the cres t .  
Transverse ridges can be seen moving 
up  the flanks of the oblique dunes, 
especi al l y  out toward thei r seaward 
ends ( the transverse-ridge pattern 
will be obscured by erosion i n  l a t e  
winter),  

The deep hollows or swales be- 
tween the oblique dunes are  usually 
wet and frequently contain ephemeral 
ponds. A sparse herbaceous and 
shrub vegetation frequently develops 
on these areas. Directly seaward 
from the cres t  of the dune i s  a 
forested remnant w i t h  a WESTERN 
HEMLOCK--SITKA SPRUCE forest  com- 
munity on the top [indicating that  
i t  was probably a low area in the 
dune landscape a t  one t ine l  1. Al- 
though the remnant i s  being continu- 
a l ly  eroded, the erosion i s  slow, 
and occurs i n  d ifferent  places a t  
d i  Ffesent times--the development o f  
vegetation (especial ly  1 odgepol e 

pine) on the slopes i s  evidence of 
th is .  On the south side of the 
remnant mound, near the base, i s  an 
exposure of the Pl e i  stocene substra- 
tum. I t  i s  about 20 m long and 1.2 m 
thick. The surface 0.6 m i s  d a r k  
brown w i t h  a s i l t y  texture. The 
boundary wi t h  the under1 y i ng ye1 1 ow- 
ish-brown sand i s  quite d is t inc t .  

South of the forest  remnant and 
i t s  associated oblique dune to  the 
eas t  are a ser ies  of three low, 
vegetated areas character is t ic  of 
the deep interdune swales. The 
easternmost i s  mostly herbaceous and 
shrub w i t h  a few small trees.  A 
pond i s  frequently seen here. The 
middle area has young fores t  (10- t o  
15-yr-old lodgepol e pine) , while the 
westernmost has f a i r ly  old fores t  
(25 t o  35 yrs ,  a LODGEPOLE PINE/- 
SLOUGH SEDGE community). A11 of 
these areas are being invaded from 
the north by sands blown in by the 
summer winds. Sand hummocks formed 
by Hooker willow and trough blow- 
outs are seen in th i s  area. Both 
the SEASHORE BLUEGRASS--BEACH PEA 
and R E D  FESCUE--DUNE GOLDENROD are  
developing as s tabi l  izing vegetation 
in th i s  area. 

The area between the fores t  
remnants and windward ends of the 
obl ique dunes and the shore defla- 
tion plain i s  an extensive sand 
pl ain on which the transverse-ridge 
pattern develops to  a s t r iking degree 
in the summer menths. These ridges 
are most ful ly  developed in l a t e  
summer and early autumn (August to  
October) before the winter storm 
winds begin eroding the profi les .  

Just  west of the sand plain the  
shore deflation plain begins. A 
number of vegetation zones a re  evi- 
dent. A t  the active sand margin are  
EUROPEAN BEACHGRASS hummocks. As 
the contact with the water table 
mows inland, the hummocks are  de- 



prived of blowing sand. The hummocks 
gradually erode away and the beach- 
grass slowly dies of f .  This i s  the 
second zone. In the third zone, 
various deflation p l  a i  n herbaceous 
communities begin to  become estab- 
I ished, mostly the SICKLE-LEAVED 
RUSH--SPRINGBANK C L O V E R  \nd SLOUGH 
SEEGE--PACIFIC SILVERWEED communi- 
t i e s ,  b u t  also patches of R E D  
FESCUE--SEASHORE LUPINE. Seaward of 
this third zone, the shrub communi- 
t i e s  become obvious, again mostly 
HOOKER WILLOW--PACIFIC WAX-MYPTLE, 
b u t  w i t h  some SALAL--EVERGREEN 
HUCKLEBERRY.  Beyond t h i s  fourth 
zone, forest  dominates i n  a f i f t h  
zone w i t h  1 odgepol e pine thickets. 
Si tka spruce becomes strikingly 
vis ible  as the t rees  reach 3 t o  5 m 
in height. This i s  the beginning of 
the SITKA SPRUCE--LODGEPOLE PINE/- 
HOOKER WILLOW/OREGON BEAKED MOSS 
community. I t  should be noted tha t  
zones 3 t o  5 intergrade as  a succes- 
sional sequence without d i s t inc t  
boundaries. Even i n  the herbaceous 
zone i t  i s  possible t o  find shrub 
and t ree seedl ings. 

The we1 7 -developed foredune can 
be reached by crossing the deflation 

plain,  though passing through the 
shrub and t ree  thickets may be d i f -  
f icul t. There i s  a1 so considerable 
standing water through winter and 
spring. Access to  the beach i s  a lso 
possible by walking south along Ten- 
mile Creek. A t  about the point 
where the creek turns t o  the south, 
there i s  an area where wood and 
soil  profi les  from a previous fores t  
vegetation are  being exposed by ero- 
sion. 

The Sitka spruce forest  south of 
Tenmile Creek has developed on a de- 
f la t ion  plain resulting from the 
protecting infl  uence of the creek. 
Sand blowing southward i n  summer i s  
carried away by the creek. This 
fores t ,  as well as the herbaceous 
and shrub vegetation i n  the bend of 
the creek right nex t  t o  the water, i s  
a good example of the riparian habi- 
t a t .  

I t  i s  about 3.0 km from the 
parking l o t  t o  the beach. A t  l e a s t  
4 hrs should be allowed for  a walk 
out and back. A fu l l  day of 6 to  8 
hrs would be bet ter  t o  permit Lime 
for  a detailed look a t  t h i s  magnifi- 
cent dune system. ORV act ivi ty  is 
prohibited i n  t h i s  area. 



LIST OF VASCULAR PLANTS OF THE DUNES 

Partial  l i s t  of the vascular plant species of the sand dunes of the Pacific 
Northwest Coastal Region. Standard and Engl i sh names taken from Hi tchcock and 
Cronquist (1973) in most cases. Species found only below Latitude 43"N are  
from Munz and Keck (1959).  I n  a few cases species a re  known by more than one 
standard name; these a re  indented and placed in parenthesis following the main 
entry. Many species have more than one English name, b u t  only the most com- 
monly used name i s  l i s t ed .  The numbers in parenthesis in the third column 
indicate the plant community in which the species i s  most l ikely to be found 
( refer  to Table 8 for  community name). The terms in the third column are 
defined a t  the end of the l i s t .  

-- 

Standard name English name Plant community and occurrence 

Abies %andis (Doug1 . Forbes - 
Abronia l a t i fo l  i a  Eschsch. 

Grand f i r  

Ye1 1 ow sandverbena 

(15,201 Common on dunes of 
northern Cal i fornia  

( 1 )  Dune-maritime endemic, common 

Abronia umbellata Lam. Pink sandverbena (1 ) Dune-rare 

Achillea boreal i s  Bong. 
-TR'%TTIea millefolium L . )  

A ose r i s  apargioides (Less. 1 * 
A r o s t f s  alba 1.. 
k t ~ m p y  a H i  tchc - 1  

Agrostis exarata Tri n .  

Agrostis pallens Trin. 

Agrostis p a l u s t r i s  (Huds. Pers. 

Ainus rubra Bone, 
T n u s  oregona N u t t .  1 

Ambrosia chamissani s (Less. 1 
Greene 

(Franseria chamissonis i e s s .  ) 

Yarraw 

Seasid@ agoseris 

Redtop 

Spike bentgrass 

Dune bentgrass 

Creeping bentgrass 

Silver hai rgrass 

L i t t l e  hairgrass 

Red alder 

S i  1 ver bbrsage 

(6 )  Widespread 

( 3 )  Dune 

(6)  Widespread 

(6 1 Widespread 

(3 )  Dune-mari time endemic, common 

( 6 )  Common 

( 3 , 6 )  Common 

(3,6) Common 

(14,171 Widespread 

( 1 , 3 )  Dune-man time endemic 



- -- 

Standard name English name Plant community and occurrence 

Ammophila arenaria (L. ) Link 

Ammophila brevil igulata Fernald 

Anaphal i s  margari tacea ( L .  ) B.  & H. 

Angelica hendersonii Coult. & Rose 

Anthoxanthurn o'doratum L. 

Arbutus menziesi i Pursh. 

Arctostaphylos col umbiana Piper 

Arctostaphylos uva-ursi ( L .  ) Spreng 

Armeria maritima (Mil l . )  Willd. 

Artemisia pycnocephala (Less.) DC. 

Aster chi lens is  Nees. 

Aster subspicatus Nees. 

Bacchari s pi1 ul a r i s  DC. 

Blechnum spicant ( L . )  Roth 

Boschniakia hookeri Walpers. 

Botrychiurn mu1 ti f idum (Canel . ) Trevi s . -- 
Cakile edentula (Bigel .)  Hook. 

Cakile maritima Scop. 

Cardami ne ol i gosperma M u t t .  

Cardionema ramosissima 
(Weinm.) Nels. & Macbr. 

Carex 1 enticul a r i  s var. 
x n o p h i l  a (Hof m )  Cronq. 

(Carex hindsii GI arke) 

Carex l iv ida  fWahl.1 Willd. -- 
Carex macrocephal a Will d. 

Carex obnupta Bai 1 ey 

Carex pansa Bailey 

Carex oederi Retz. 
T r m i d u l a  Michx.) 

Cas t i l l  e j a  1 i tora l  i s  Pennell 

Centaurium umbel latum Gi? ib. 

Cerastium arvense L .  

European beachgrass 

Anerican beachgrass 

Pearly ever1 as t ing  

Henderson ' s angel i ca 

Sweet vernal grass 

Pacific madrona 

Br is t ly  manrani t a  

Kinnikinnick 

Thr i f t  

Beach sagewort 

Common Cali fornfa 
a s t e r  

Doug1 as a s t e r  

Chaparral broom 

Deer-fern 

Small ground-cone 

Leathery grape-fern 

American searocket 

European searocket 

L i t t l e  western bi t t e rc res s  

Sandma t 

Hind's sedge 

Pale sedge 

Large-headed sedge 

Slough sedge 

Sand-dune sedge 

Green sedge 

Pacific paintbrush 

Centaury 

Field chickweed 

( 2 )  Dune-Common 

12) Dune-uncormon 

13,6) Widespread 

(3,6) Common 

( 6 )  Widespread 

(16) Common 

(1 6 ) Common 

(13) Common 

(61 Common 

(5) Dune-common south of 43"N 

/6,71 Common 

(6,7) Common 

(12) Common south of 43" N 

(1 9,211 Occasional 

(1 5) Saprophy te-uncommon 

(8)  Uncommon 

(1 1 Dune and beach 

(1 ) Dune and beach 

(6 )  Widespread 

(4)  Common 

(7 )  * 
(3 )  Dune-common north of 43"N 

(8,18 1 Widespread 

(7,9) Common 

(7 )  * 

(6) Common 

( 6 )  Common 

( 6 )  Widespread 



Standard name Engl i sh name P l a n t  community and occurrence 

Cerast ium viscosum L. 

Convol vu l  us s o l  dane l l  a L. 
(Cal y s t e ~ i a  sol-1 a ( (L .) R. Brown) 

Cotu la co ronop i fo l  i a L. 

Cy t i sus  scoparius (I. Link 

Dar l  l n g t o n i a  c a l  i f o r n i c a  Tor r .  

Daucus p u s i l  l us Michx. 

Di s t i c h l i s  sp ica ta  (L. ) Greene 

Drosera r o t u n d i f o l  i a  L. 

E leochar is  a l u s t r i s  ( L .  R. & S. + (Heleocharts pa u s t r i s  ( L . )  R.& S.) 

E1ymus m o l l i s  T r in .  

E p i l  obium watson i i  Barbey 

E p i p a c t i s  Dougl . 
Erech t i  tes  a rgu ta  DC. 

Erech t i tes  minima (Po i r . )  DC. 
(~rechtrt-nanthoides misapp l ied )  

Er ige ron  glaucus Ker r .  

Eriogonum l a t j f o l  Yum Sm. 

Erysimum menz les i i  (Hook. ) Wettst. 

Festuca arundinacea Schreb. 

Festuca myuros L. 

Festuca rubra  L. -- 
Fragar ia  c h i l o e n s l s  (L.) Duchesne 

Garrya e l l  l p t i c a  Dougl . 
Gaul t h e r f a  s h a l l o n  Pursh -- -- 
Gentians sceptrum G r i  seb. 

Glehnia ~ e l o c a r p a  Hath ias 
m n ~ a  1 i ttora ' l ' i s  F. Schm.1 

GnaphalJum c h i l e n s e  Spreng 

Gnaphalium purpureum L. 

Habenaria qreenei- Jeps. 
( f f a b e n a r l F T e  ans 

var. maritirn: ic reene)  h e s l  
(Genus P i p e r i a  o f  same au thors )  

S t i c k y  chickweed 

Beach morning g l o r y  

Brass bu t tons  

Sco t ' s  broom 

Gal i f o r n i a  p i t c h e r - p l  a n t  

Ratt lesnake weed 

Seashore sa l  tg rass  

Round-1 eaved sundew 

Creeping sp i  ke-rush 

Amerl'can dunegrass 

Watson ' s wi 11 owherb 

Giant  h e l l e b o r i n e  

Cut-1 eaved coas t  f i  reweed 

Toothed coast f i reweed 

Seaside daisy 

Coast eriogonum 

Menries'  wa l l f l ower  

T a l l  fescue 

R a t - t a i l  fescue 

Red fescue 

Coast strawberry 

Wavy-leaf s i l  k - tassel  

Sal a1 

S t a f f  gent ian 

Anerican g lehnia 

Cot ton-bat t ing p l a n t  

Purple cudweed 

Greene's bog-orchid 

(6 )  Widespread 

(1,3 1 Dune-common 

( 9 )  S a l t  marsh 

Ruderal 

( 19 )  Insectivorous-uncommon 

(6 )  * 
( 9 )  S a l t  marsh 

(7 )  Insectivorous-uncommon 

( 9 )  * 

(1 ) Dune-common 

( 6 )  Comon 

(14) Uncommon 

( 2 1  Occasional 

( 2 )  Occasional 

(3 )  Cormon south o f  43ON. 

(3 )  Common south o f  43"N. 

15)  Dune-endemic t o  nor thern  
Cal i f o r n i a  

(6 )  Widespread 

(6 )  Widespread 

(4,6) Widespread 

(1,3,5) Common 

(15,171 Occasional 

(11,15,17) Widespread 

(6 )  Occasional 

(1,3) Dune-mari t ime  endemic, 
common 

(6) Common 

(7 )  Occasional 



Standard name Engl i sh name P l a n t  community and occurrence 

Holcus lana tus  L. -- Vel vet-grass (6) Widespread 

Hypericum anagal lo ides C. & S. Bog St. John 's-wor t  (8) Comon 

Hypericum per foratum L. Comnon St. John's-wort Ruderal 

Hypochaerds r a d f c a t a  L. H a i r y  cats-ear  (4,6) Widespread 

Juncus bufonius L. Toad rush ( 7 )  Occasionaf 

Juncus f a l c a t u s  E. Meyer Sick le- leaved r u s h  (7 1 Common 

Juncus l e s u e u r i  i Boland. S a l t  rush (4,5,7) Common 

Juncus nevadensis Wats. S i e r r a  r u s h  (7) Common 

Lathyrus japonicus W i l l d .  Mar i t ime pea ( 2 )  Common 

Lathyrus 1 i t t o r a l  i s  (Nu t t .  1 End1 . Beach pea 

Ledurn g l  andulosurn Nutt. 

Ledurn groenlandicum Oeder 

Leontodon nudicaul  i s  (L. 1 Merat 
(Leontodon l e y s s e r i  (Wall  r. ) 6. Beck l 

L i l a e o p s i s  o c c f d e n t a l i s  C.&.R. 

L o l  i um perenne L . 
Lonicera i n v o l  u c r a t a  (Rich. 1 Banks 

Lotus c o r n i c u l a t u s  L. 

Lotus formosissimus Greene 

Lupinus arboreus Sims 

Lupinus 1 i t t o r a l  i s  Doug1 . 
Lupinus var f  i c o l o r  Steud. 

Lycopod im i nundatum L. 

Lycopus u n i f l o r u s  MJchx, 

Madia s a t i v a  Mol. -- 
Maianthenun d i l a t a t u n  (Wood) 

Nels. & Macbr. 

Mountain Labrador-tea 

Bog Labrador-tea 

Haf r y  hawkbi t 

Western 1 il aeopsi s 

Perennial  ryegrass 

B l  ack t w i  n-berry  

B i r d s f o o t - t r e f o j  1 

Seaside l o t u s  

Tree l u p i n e  

Seashore 1 up i  ne 

(Hone ) 

Bog clubmoss 

Nor thern bugleweed 

Coast tarweed 

Fa1 se 1 i l y - o f  - the va l  ley 

Mentha arvensfs  L. F i e l d  m i n t  

1. Sea -f ig 
authors 

Mesenbr anthemurn edule L. H o t t e n t o t - f i g  
&nu: Carpobro=f some authors)  

(1,3) Dune-marf t ime  endemic, 
common 

(19) Uncommon 

(14)  Uncommon 

(4,161 * 

(8) Occasional 

( 6 )  Widespread 

(14)  Occasf ona7 

(6  ) Occasional 

(6) Occasional 

(2,12) Common south o f  43% 

(3,4,6) Dune-comon 

13) Occasional south o f  43"ff 

(8 )  U n c m o n  

(8) Occasional 

(12) * 
(17 Comon 

Ffinulus dentatus Nutt .  Tooth-leaved monkey-flower ( 7 )  C m o n  

11 1 



Standard nam 

Minul us  j ~ u t t a t u s  DC. 

Montia p e r f o l i a t a  (Donn) Howell - 
Montia spa thu la ta  (Dougl. ) Howell - 
Myrica cal i f o r n i c a  Cham. 

Myrica ga le  1. 

Oenothera che i ran th i  fol  i a  Hornem. 
(Camissonia che i ran th i fo l  t'a 

( Hornem. ex. Spregn. 1 h aim. ) 

Orthocarpus c a s t i l l e j o i d e s  Benth. 

Orthocarpus purpurascens Benth. 

Orthocarpus p u s i l l u s  Benth. 

Parentucel l  i a  vi scosa (I ... ) Car. 

Phacelia argentea Nels. & Macbr. 

Phacel f a  bol anderi Gray 

Picea s i  t chens i s  (Bong. ) Carr. - 
Pinus con tor ta  Dougl. - 
Plan taqo  hookeriana F. & M. 

PI antago lanceo la ta  L.  

Plantago maritfma L. 

Paa c o n f i n i s  Vasey - 
Poa maerantha Vasey 
T& dotrgi a s i  i Nees) 

Polygonurn_ hydropi peroidcs Michx. 

Polygonum paronychia C, & S. 

Polypodiun! glycyrrhiza D.C.  Eat. - 
Polypodium S C O U Y  erf lfook . R Grev. 

Po3 y p o ~ o n  -- rnons~el i e n s i s  ( L .  ) Desf. 

P o t e n t i l l a  a c i f i c a  Howell 
- (Potent i f  a e e 3 - i  var. grandis  

(Rydb. 1 
-f--s 

J h w e 1 1  

P o t e n t i l l a  p a l u s e r i s  ( L . 1  Scop. 

English name 

Yell ow monkey -f 1 ower 

Miner's l e t t u c e  

Common montia 

Pac i f ic  wax-myrtle 

Sweet ga le  

Beach evening primrose 

Paintbrush owl -clover  

Common owl -clover 

Dwarf owl -clover 

Ye1 low parentucel l  i a  

S i  l very phacel i a  

Bolander ' s  phacel i a  

S i tka  spruce 

Lodgepole pine 

Hooker's p lan ta in  

English p lan ta in  

Seaside p lan ta in  

Coast l ine bluegrass  

Seashore bluegrass 

Water pepper 

01 ack knotweed 

Licorice-fern 

Scoulers polypody 

Annual Beard-grass 

P a c i f i c  silverweed 

P lan t  community and occurrence 

(7) Widespread 

(11,14) Widespread 

( 4 )  Common 

(14)  Common 

(14)  Uncommon 

( 5 )  Dunemari time endemic, 
common south of 43ON 

( 3 , s )  Occasional 

( 3 )  Occasional 

( 6 )  Widespread 

( 6 )  Widespread 

( 1 , 3 )  Dune-uncommon t o  r a r e ,  
south of 43"N 

(1,3) Dune, occasional 

(1 7,211 Widespread 

115,16,17,18) Widespread 

(5) Occasional 

Ruderal 

(31 Common 

(3 ,4 ,5 )  Dune-mari time endemic, 
comnon 

( 1  0 )  Occasional 

(3 ,4 ,5 )  Dune-maritime endemic, 
common 

(4 ,6 )  Occasional 

(1 7 )  Uncommon 

( 7 )  Occasional 

( 8  Comon 

Marsh cinquefoi l  (8) Common 

Sel f-heal (6) Widespread 

Douglas f i r  (20) Widespread 



4 

Standard name Englf sh name P l a n t  conmuni t y  and occurrence 

P te r id i  um aquil  inum ( L .  ) Kuhn 

Ranuncul us f llamul a L .  

Rhododendron nacrophyll urn G. Don 

Rubus urs inus  C. & S. -- 
Runex a c e t o s e l l a  L. 

Rumex c r i s p u s  L .  - 
Runex mari t inus - 
Sagina c rass icau l  i s  Rats. 

Sagi na procunbens L. 

Sal i x  hookeriana B a r r a t t  

Sal i x p i  per i  Bebb - 
Sanicula arctopoides H. & A. 

Sanicula c rass icau l  i s  Poepp. 

Sa ture ja  douglasi i  (Benth. ) Brig. 

Scirpus anericanus Pers. 

Sci rpus va1 idus Vahl . 
c a l l  fo rn ica  Cham. 

Senecio jacobaea L. 

Senecio vu lgar i s  L.  

S i s  rinchiurn an us t i fo l ium Mil l .  
~*irn*. , 
S i s  rinchium cala'fornicum (Ker.-Gawl ) + 
Sol idago spa thu la ta  DC. 

Spiranthes romanzoffiana Cham. 

Spiraea dougl a s i  i Hook. 

S t e l l a r i a  media (L.)  C y r i l l .  

Bracken 

Creeping but tercup 

Western rhododendron 

P a c i f i c  blackberry 

Red sor re l  

Curly dock 

Seaside dock 

S t i  ck-stemmed pearlwort 

Procumbent pearl wort 

Hooker w i  11 ow 

P i p e r ' s  willow 

Snake-root 

P a c i f i c  s a n i c l e  

Yerba buena 

Three-square bulrush 

Tul e 

Cal i forni  a f i gwort 

Tansy ragwort 

Comon groundsel 

01 ue-eyed grass  

Gol den-eyed g r a s s  

Dune go1 denrod 

Hooded l a d i e s '  t r e s s e s  

Douglas's sp i rea  

Chickweed 

Rune tansy 

(3,111 Widespread 

( 7 )  Comon 

(1 5,20)  Widespread 

(3,121 Occasional 

Ruderal 

( 9 )  Occasional 

(1 ) Beach-occasional 

( 7 )  * 
( 7 )  * 
(14,17) Widespread 

(14) * 

( 3  1 Dune-occasional 

( 1  5)  Occasional 

( 7  5) Widespread 

(1  0 )  Widespread 

(1 0 )  Widespread 

(1 2 )  Widespread 

Ruderal 

Ruderal 

( 7 ) Occasi anal 

t 7 )  Comon 

( 7 )  Occasional 

( 1 0 )  Widespread 

(6) Widespread 

[ 7 , 3 )  Dune-naritime endemic, 
camon 

ThuJa p1 i c a t a  Donn. - Western red cedar ( 7  9) Widespread 

Trifolium wormskjoldii Lehn. Spri  ngbank clover  3 7 )  Common 

hetercphj.:? a (Raf. ) Sarg. Western henlock (2'1 1 Widespread 

Typha l a t i f o l i a  L.  Comon c a t - t a i  l (10) Widespread 



Standard name E n g l i s h  name P l a n t  c o m u n i  t y  and occurrence 

Ulex europaeus L. - 
Vaccf nium ovatun Pursh 

Veronica s c u t e l  l a t a  L. 

Gorse Ruderal 

Evergreen huck leberry  (11 $ 1  5,2O) Widespread 

Marsh speedwell (8) Comon 

Terms used i n  the  t h i r d  column: 

Dune - Occurs p r i m a r i l y  o r  e x c l u s i v e l y  on sand dunes. 

Mar i t ime  endemic - Occurs o n l y  on t h e  beaches and dunes o f  the P a c i f i c  coas t  o f  North America. 

S a l t  marsh - Occurs p r i m a r i l y  i n  s a l t  marsh hab i ta ts .  

Ruderal - Weedy and commonly i n t r o d u c e d  p l a n t  growing on d i s t u r b e d  areas; n o t  c h a r a c t e r i s t i c  o f  
any p a r t i c u l a r  c m u n i  t y .  

Widespread - Occurs w ide ly  on dune. and non-dune hab i ta ts ;  ub iqu i tous;  obvious i n  the  landscape. 

Comon - Refers t o  occurrence i n  a p p r o p r i a t e  dune hab i ta ts .  These specfes a r e  a1 so found i n  
s i m i l a r  non-dune h a b i t a t s ,  b u t  a r e  n o t  h i g h l y  v i s i b l e  components o f  t h e  landscape. 

Occasional - Refers t o  occurrence i n  appropr ta te  dune hab i ta ts .  Occur sporad ica l l y ,  n o t  always 
present  i n  the  h a b i t a t .  

Uncommon - Not o f t e n  encountered on t h e  dunes. * - In fo rmat ion  on occurrence lack ing .  



APPENDIX IV 

LIST OF VERTEBRATE ANIMALS OF THE DUNES 

A .  Birds. Sources of information: Pinto e t  a1 . 1972; University of 
Washington 1974; Check1 i s t  of the bi rdsTf.Fhe Lanphere-Christensen Dunes 
Preserve, Arcata, California, December, 1982; S.G. Herman and A.M. 
Wiedemann, The Evergreen State Col lege, Olympia, Washington, unpubl ished 
f ie ld  notes. Only species actually observed on the dunes are included in 
th is  1 i s t .  Standard and English names and the order of 1 i st ing follows 
that  shown in the Thirty-fourth supplement of the American Ornithologist 's 
Union check-list o f  North American Birds (Supplement to  the A u k ,  Volume 
99, No. 3, July,  1982). See the end of the table for  explanation of the 
abbreviations. 

English name 
(Standard name) 

Nabi t a t s  REL SEA 
HUM STA 

Red-throated Loon 
(Gavia s te l  1 a t a )  --- 
Arctic Loon 
(Gavia a rc t ica)  

Comon Loon 
(Gavia Xmer) -- 
Pi ed-bi 11 ed Grebe 
I Podilyn~bus Podiceps) 

Horned Grebe 
(Podiceps auri tus)  

Red-necked Grebe 
( Podiceps gri segena) 

Eared Grebe 
{Padiceps nigricoll i s )  

x x x  C / U  r lr  

Western Grebe x 
f Aechmopharus occidental i s )  



Engl ish name 
(Standard name ) 

Hab i ta ts  REL SEA 
BE OS LP MA R I  GM ST ~6 NUM STA 

Double-crested Cormorant 
(Phal acrocorax a u r i t u s  ) 

Pelagic  Cormorant 
(Phal acrocorax pe l  agicus)  

American B i t t e r n  
(Botaurus 7 e n t i  g i  nosus ) 

Great Blue Heron 
( Ardea herodi as) 

Great Egret  
(Casmerodi us a l  bus 1 

Snowy Egret 
(Egre t ta  t h u l  a )  

C a t t l e  Egret  
(Bubulcus i b i  $1  - 
Green-backed Heron 
(Butor ides - s t r i a t u s )  

51 ack-crowned Ni  ght-Heron 
(Nyct icorax nyc t i co rax  

Tundra Swan 
(Cygnus c o l  umbianus) 

Canada Goose 
I Branta canadens i s f 

Wood Duck 
( - WJx sponsaf 

Green-wi nged Teal 
(Anas crecca)  
P 

Ma1 'T a rd  
(Anas pl atyrhyncas 

Northern P i n t a i  l 
(Anas acuta)  -- 

X X 

X X X  X 

X X X  

X X 

X X 

X X X  

X X 

X X X  

X X X X X  



English name 
(Standard name) 

Kabi t a t s  REL SEA 
NUN STA 

B l  ue-wi nged Teal 
(Anas d i  scors ) 

Cinnamon Teal 
(Anas cyanoptera 9 

Northern Shoveler 
( Anas c l  ypeata - 
Gadwal l 
( Anas s t repera  1 - 
American Wigeon 
(Anas americana) - 
Canvasback 
( Aythya val i si ner i  a )  

Redhead 
( Aythya arneri cana ) 

Ring-necked Duck 
(Aythya c o l l a r i s )  

Greater Scaup 
(Aythya maril a )  

Lesser Scaup 
(Aythya a f f i n i s )  

Common Gol deneye 
(Bucephal a c l  angul a )  

Buff1 ehead 
(Bucephal a a9 be01 a 1 

Hooded Merganser 
(Lophodytes cucul l  a t u s )  

Red-breasted Mer 
(Mergus s e ~ r a t o r  

Ruddy Duck 
(Oxyura jamaicensl s) 



Engl i sh name 
( Standard name 1 

Habitats REL SEA 
MUM STA 

Turkey Vulture 
(Cathartes aura 1 

Osprey 
(Pandion ha1 i ae tus )  

Bl ack-shoul dered K i  t e  
( E l  anus caerul eus f 

Bald Eagle 
(Hal i aeetus 1 eucocephal us) 

Northern Harrier  
( C i  rcus cyaneu s ) 

Sharp-shinned Hawk 
(Accipi t e r  s t r i a t u s )  

Cooper ' s Hawk 
( Acci pi t e r  cooperi i 

Red-tad 1 ed Hawk 
(Buteo jamaicensi s )  
P 

Rough-1 egged Hawk 
fSuteo lagopus) 

herieizn Kestrel 
f Fa1 co sparveri us 

Merl i n  
(Faleo columbarius) 

PeregrS ne Fa1 con 
(Fa1 -. cs peregr inus)  

Ring-necked Pheasant 
IPhasianus cs l  chicus) 

Cal i forni a Ouail 
(Call ipepla ' ca l i fo rn ica )  

Virginia Rail 
(Ral l us l imicol a 



Engl i  sh name 
(Standard name ) 

Habitats REL SEA 
NUW STA 

American Coot 
(Ful ica americana 1 

B1 ack-bell ied P i  over x x x 
(Pl uvial i s  squatarol a )  

Snowy Plover x x 
(Charadrius alexandrinus) 

Semi pal mated PI over x 
(Charadri us semi pal matus 

K i  l  1 deer 
(Charadrius voci f e ru s )  

Greater Ye1 1 owl egs 
( Tri nga me1 an01 euca ) 

Lesser Ye1 1 owl egs 
(Tringa f l av ipes )  

Wil l e t  
( Catoptrophorus semi pal matus 

Spotted Sandpi per 
( A c t i t i s  macularia) 

Whimbrel x 
(Numeni us phaeopus 

Long-bil l ed Curlew x 
(Numenius americanus) 

Marbl ed Godwi t 
( Limosa fedoa 

Western Sandpiper 
(Cal idri s mauri ) 

Least Sandpiper 
(Ga l id r i s  minu t i l l a )  



Engl i sh name 
(Standard name 1 

Nabi t a t s  REL SEA 
NUM STA 

Bai r d  @ s  Sandpiper 
(Cal i d r i s  b a i r d i  i 1 

Pectoral Sandpi per 
(Cal i d r i s  me1 anotos) 

Dunl i n  
(Ca l i d r i s  a1 i n e )  
Short-bil l e  3%- owi tcher  
( Limnodromus g r i  seus 

Long-bi 1 1 ed Dowitcher 
( Limnodromus scol opaceus 

Conanon Snipe 
(Gal l i nago gal l i nago ) 

Red-necked Phal arope 
(Phal arapus 1 obatus) 

Red Phalarope 
(Phal aropus f u l  i c a r i  a 1 

Bsnaparte \ Gull 
(Larus ph i lade l  ph ia l  

Heermann % Guf l 
( tarus heermanni 1 

Mew Gull 
( Larus canus 1 -- 
R i  ng-bi 1 1 ed Cul l 
(Larus del awarensi s) - 

Western Gu? 1 
(Larus occidental i s )  
P 

GI aucaus-winged Gul l 
(Larus gl aucescens 1 



English name 
(Standard name 1 

Habitats  REL 
N UM 

SEA 
STA 

B l  ack-1 egged K i  ttf wake x x 
(Rissa t r i d a c t y l  a )  - 
Caspian Tern x x 
(Sterna caspi a 1 

Band-tai 1 ed Pigeon 
(Columba f a s c i a t a )  

Mourning Dove 
(Zenaida macroura) 

Common Barn-Owl 
(Tyto a l b a )  - 
Western Screech-Owl 
( O t u s  kennicot t i  i ) 

Great Horned Owl 
(Bubo - virg in ianus)  

Snowy Ow? 
(Nyctea scandiaca) 

Northern Pygmy-Ow1 
(Glaucidium gnama) 

Common N i  ghthawk 
( Chsrdei 1 es  m i  nor 1 

Vaux's S w i f t  
f Chaetura vauxi 1 - 
Anna ' s Humi ngbi rd 
(Calypte anna - 
Ru f ous Humi ngbi rd 
(Sel asphorus rufus  

A1 1 en ' s Hum$ ngbi rd 
(Sel asphorus sas i  n 1 

X X X  u/u s/'s 

x x x  a /c  s/s 



Engl i sh name 
(Standard name ) 

Habitats REL SEA 
NUN STA 

Be1 ted Kingfisher 
( Ceryl e a1 cyon) 

Red-breasted Sapsucker 
(Sghyrapicus ruber) 

Downy Woodpecker 
( Picoides pubescens) 

Hai ry Woodpecker 
(Picoides vi l losus)  

Northern Flicker 
(Col aptes auratus) 

P i  l ealed Woodpecker 
(Dryocopus pi leatus]  

01 ive-sided Flycatcher 
( Contopus boreal i s 1 

Western Wood-Pewee 
(Contopus sordi dul  us 

X X X X  

X 

X 

X 

X X X X  

X 

X 

X 

W f  f ow Flycatcher 
(Empidonax t r a i  11 i i 

Western Flycatcher 
(Empidonax d i f f i c i l i s )  

Black Phoebe 
(Sayornis nigricans) 

Tree Swallow 
(Tachycineta bicolor) 

V i  of et-green Swall ow x 
(Tachycineta thalassina 

Northern Rough-winged Swallow x 
( Stel gi dapteryx ser r i  penni s.) 

Bank Swallow 
(Riparia r ipa r i a )  



Engl ish name 
(Standard name) 

Hab i ta ts  REL SEA 
NUM STA 

C l  i ff Swal 1 ow 
(H i  rundo pyrrhonota 

Barn Swallow 
(H i  rundo r u s t i c a )  

S t e l  1 e r  ' s Jay 
(Cyanoci t t a  s t e l  l e r i  ) 

American Crow 
( Corvus brachyrhynchos f 

Common Raven 
(Corvus corax 1 

Bl  ack-capped Chickadee 
(Parus a t r i c a p i l l u s )  

Chestnut-backed Chickadee 
(Parus rufescens) 

Busht i  t 
(Psa l t r i pa rus  minimus 1 

Red-breasted Nuthatch 
( S i  t t a  candensi s) 

Brown Creeper 
(Cer th ia  americana 

Bewick 3 Wren 
I Thrvomanes bewicki i 1 

M i  n t e r  Mren 
(Trogl  odytes t r o g l  odytes 

Marsh Wren 
(Ci s tothorus pal u s t r i  s 1 

Go1 den-crowned K i n g l e t  
( Regul us satrapa ) 

Ruby-crowned King1 e t  
(Regu1 us ca'l endul a 

X X 

x X X 

X 

X X X X  

X X X 

X X X 

X X X 

X X X 

X X 

X X 

X X X 

X 



Wabi t a t s  REL SEA 
NUM STA 

Engl i sh name 
(Standard name f 

Townsend 3 Sol i t a i r e  
(Myadestes townsendi 1 

Swai nson's Thrush 
(Catharus u s t u l  a tus )  

Hermit Thrush 
(Catharus p t t a t u s )  

American Robin 
(Turdus m ig ra to r ius )  

x x x  a/a r/r 

Varied Thrush 
( Ixoreus naevi us 1 

Wrenti t 
(Chamaea f a s c i a t a )  

Water P i  p i t  
(Anthus s p i n a l e t t a )  

Cedar Waxwing 
(Bombycil l a cedrorum) 

Northern Shr ike 
(Lani us excubi t a r  f 

European S t a r l  i ng 
(Sturnus vu l  g a r i  s 1 

Hu t t o n  ' s V i  reo 
(V i reo  hu t ton i  1 

Warbl i ng V i  reo 
(V i reo  g i l v u s )  
P 

Orange-crowned Warbl er 
(Vermi vsra ce l  a t a  1 

Ye1 l aw Warbler 
(Dendroica petechia 

Yel 1 ow-rumped Warbler 
(Dendroica coronata 1 

x x x  c/a r/w 





Engl ish  name 
(Standard name ) 

Hab i ta ts  REL SEA 
NUM STA 

Brewer's B lackb i rd  x x x x x x  C/C r/r 
(Euphagus cyanocephal us)  

Brown-headed Cowbi r d  x x x x  c/c s / r  
(Molothrus - a t e r )  

Northern O r i o l e  
f l c t e r u s  gal bu1 a 1 

Purple Finch 

House Finch 
j Carpodacus mexi canu s 1 

Red C r o s s b i l l  
(Lox ia  c u r v i  r o s t r a )  

Pine S i s k i n  
( Carduel i s  p i  nus 1 

Lesser Goldf inch 
( Carduel i s psal tri a ) 

h e r i c a n  Go1 d f  i nch 
( Carduel i s  tri s t i  s j 

x x x  a/c r / s  

B. Amphibians, Rept i les ,  and Mammals. Sources o f  in fo rmat ion :  P in to  -- e t  a1 . 
1972; S.G. Herman and A.M. Wiedemann, The Evergreen Sta te  Col lege, 
Olympia, Washington, unpubl i shed f i e l d  notes. Only species observed on 
t h e  dunes a r e  inc luded i n  t h i s  l i s t .  See t h e  end o f  the t a b l e  f o r  
explanat ion of  the  abbreviat ions.  

Engl i s R  name 
(Standard name 1 

Hab i ta ts  REL 
N UM 

Northwestern Salamander 



English name 
(Standard name) 

Habitats  REL 
NUM 

Pac i f i c  Giant Sal amander 
(Dicamptodon ensa tus )  

Rouch-skinned Newt 
(Taricha granul o s a ?  

Dunn ' s Sal amander 
( P l  ethodon dunni 

Western Red-backed Salamander 
(Plethodon vehiculum) 

Oregon Sal amander 
( Ensati na eschschol t z i  

oregonenst s ) 

Western Toad 
(Bufo - boreas)  

Paci f i c  Treefrog 
(Hyla r e g i l l a )  

Red-1 egged Frog 
( Rana aurora - 
B u l l  f rag 
(Rana catesbeiana ) - 

Northern Al l iga to r  Lizard 
(Gerrhonotus coeruleus  

Comon Garter  Snake 
(Thamnophi s si r t a l  i s 1 

Northwestern Gar ter  Snake 
(Thamnophis o rd ino ides )  

Trowbridge Shrew 
(Sorex trawbridgei 1 

Vagrant Shrew 
(Sorex vagrans) 

X X X  

X  

X  

X  

X  X  

x x x x x  a 

X X X X X X  

X X X  

X  X  C 

X X X X X  C 

X  C 



Engl ish name 
(Standard name 1 

Hab i ta ts  REL 
NUM 

P a c i f i c  Shrew 
(Sorex pac i f i cus )  

Shrew-mol e 
(Meurotr ichus g ibbs i  ) 

P a c i f i c  Mole 
(Scapanus o r a r i  us 

x x x  a 

Yuma Myot is  
(Myoti  s yumanensi s )  

Cal i f o r n i  a Myoti  s 
f Myot i  s ca l  i f o r n i c u s )  

Hoary Bat 
( l a s i  urus c i  nereus) 

Black Bear 
(Ursus americanus 

X  

X X X X X  C 

X  

X X X X X  

Raccton 
(Procyon 1 o t o r )  

Longta i  l Weasel 
(Mustel a f renata  ) 

Mink  
(Mustela v i  son) 

R iver  O t te r  
(Lu t ra  canadensi s ) 

Spotted Skunk 
(Sp i loga le  p u t o r i u s )  

S t r i p e d  Skunk 
(Mephi ti s mephi ti s )  

X X X X  

Coyote 
(Canis l a t r a n s )  

Gray Fox 
(Urocyon c i  nereoargenteus 1 



Engl ish name 
(Standard name ) 

Hab i ta ts  REL 
NUM 

Beechey Ground S q u i r r e l  x 
(C i  t e l l  us beecheyi 

Townsend Chi pmunk 
( Eutamias townsendi ) 

Chickaree 
(Tamiasciurus douql a s i  i ) 

Northern F l y i n g  S q u i r r e l  
(61 aucomys sabr i  nus) 

Beaver 
( Castor canadensi s )  

X X X  X  X  C 

Deer Mouse x x x x x  a 
(Peromyscus maniculatus)  

Bushytai 1 Woodrat 
f Neotoma c i  nerea 1 

C a l i f o r n i a  Redback Vole 
(Cl  ethrionomys occ identa l  i s 1 

Townsend Vole 
(Microtus townsendi 

Oregon Vole 
(Microtus oregoni 

Muskrat 
(Ondatra z i  be th i ca )  

P a c i f i c  Jumping Mouse 
( Zapus t r i n o t a t u s  f 

Brush Rabbi t  
(Syl v i  1 agus bachmani 1 

Mule Deer x 
(Odocoi l eus hemi onus 

X X X X  

X X  X 

X X X  

X  

x x x x  a 



Habi ta ts  

BE - Beach MA - Marsh ST - Shrub t h i c k e t  
OS - Open sand R I  - Ripar ian  FO - Forest  
LB - takes and ponds GIYI - Meadow 

REL NUM - Re la t i ve  Numbers SEA STA - Seasonal Status 

a - abundant 
c - common 
u - uncomon 
r - r a r e  

r - r e s i d e n t  
s  - summer v i s i t o r  
w - w i n t e r  v i s i t o r  
m - migrant  

The l e f t  s ide  of t h e  s lash r e f e r s  t o  Washington and n o r t h  and c e n t r a l  Oregon; 
the  r i g h t  s ide  t o  southern Oregon and nor thern Gal i f o r n i a .  The absence of a  
l e t t e r  i n d i c a t e s  t h e  species has n o t  been observed i n  t h a t  p a r t  o f  t h e  reg ion 
o r  t h a t  data i s  n o t  ava i lab le .  
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