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PREFACE 

T h i s  t i d a l  marsh community p r o f i l e  i s  
p a r t  o f  a  s e r i e s  o f  p u b l i c a t i o n s  concern- 
i ng  coas ta l  h a b i t a t s .  The purpose o f  t h i s  
p r o f i l e  i s  t o  descr ibe  t h e  s t r u c t u r e  and 
eco log i ca l  f u n c t i o n s  o f  t i d a l  marshes o f  
t h e  P a c i f i c  Northwest coast .  Th is  h a b i t a t  
i s  c l a s s i f i e d  by Cowardin e t  a l .  (1979)  as 
occu r r i ng  i n  t h e  e s t u a r i n e  system, i n t e r -  
t i d a l  subsystetn, emergent wet l  and c l  ass, 
and p e r s i s t e n t  subclass w i t h  a  r e g u l a r l y  
o r  i r r e g u l a r l y  f l ooded  water  regime. The 
water c h e n i s t r y  i s  rnixohal i n e  and t h e  
s o i l s  a re  m inera l  o r  organic .  

Th is  p r o f i l e  i s  a  syn thes is  o f  scien- 
t i f i c  i n f o n n a t i o n  and 1  i t e r a t u r e  a v a i l a b l e  
on var ious  aspects o f  t i d a l  rnarsh ecology. 
There has been much research on some 
t o p i c s  and i n  these areas we w i l l  d i scuss  
r e p r e s e n t a t i v e  da.ta. L i t t l e  i n f o rma t i on  
s p e c i f i c a l l y  c o l l e c t e d  i n  t h e  geographic 
r e g i o n  i s  a v a i l a b l e  on o t h e r  t op i cs .  I n  
t h e  l a t t e r  cases we have looked  t o  o t h e r  
reg ions  where cond i t i ons  a re  s i m i l a r  and 
have suggested probable conc lus ions when 
f u t u r e  research on t h a t  t o p i c  i s  conducted 
i n  t h e  P a c i f i c  Northwest. 

The coas ta l  marshes o f  t h e  r e g i o n  do t  
t he  rocky  coast.  As seen on t h e  cover  o f  
t h i s  p u b l i c a t i o n ,  narrow i n l e t s  from the  
sea open t o  p ro tec ted  bays where marshes 
f o m  t he  ecotone between upland and t he  
es tua r i ne  h a b i t a t .  Marsh p l a n t s  probe t h e  
emerg i n g  rnudfl a t s  f o r  a  su i  tab1 e  phys ica l  
and chemical environment. On t he  up land 
f r i n g e ,  where s o i l  a e r a t i o n  inc reases  and 
sal  i n i  t y  drops, these p l a n t s  1  ose t h e i r  
co rnpe t i t i ve  advantage t o  t he  up land p lan ts .  
Th is  p r o f i l e  i s  focused on these es tua r i ne  
ecotones. 

The f i r s t  two chapters  o f  the t e x t  
discirss t he  development o f  P a c i f i c  North- 
west coas ta l  we t l  ands and t he  phys i ca l  and 

chemical environment i n  which t h e  organ- 
isms l i v e .  The t h i r d  chap te r  t r e a t s  t h e  
b i o t i c  communities o f  t i d a l  marshes. I n  
t h e  P a c i f i c  Northwest, t h e r e  has h i s t o r i -  
c a l l y  been nlore emphasis p laced on s t r uc -  
t u r a l  aspects o f  t he  p l a n t  community t han  
on t h e  f u n c t i o n a l  r o l e s  f o r  two reasons. 
F i r s t ,  t h e  d i v e r s i t y  and zona t i on  i n  t h e  
Oregon and Washington Marshes a r e  so 
s t r i k i n g  t h a t  even e c o l o g i s t s  o r i e n t e d  t o -  
ward m inera l  c yc l  i ng  and energy fl  ow can- 
n o t  he l p  b u t  t h i n k  o f  i n d i c e s  o f  s i m i l a r -  
i ty, 1  i n e - p o i n t  t ransec ts ,  and c l u s t e r  
analyses. Second, and perhaps co i nc i den t -  
a l l y ,  most o f  t h e  b o t a n i s t s  work ing i n  t h e  
coas ta l  zone happen t o  be i n t e r e s t e d  i n  
com~nunity s t r u c t u r e .  

The f o u r t h  chap te r  o f  the p r o f i l e  
focuses on eco log i ca l  i n t e r a c t i o n s  w i t h i n  
t i d a l  marshes and between marshes and 
ad jacen t  systems. There i s  a  p a u c i t y  o f  
t h i s  type o f  i n f o r m a t i o n  f rom t he  wet lands 
o f  Oregon and Washington. Most o f  t h e  
research on these t o p i c s  i n  t h e  r e g i o n  i s  
f rom Canada and descr ibes  work r e l a t i n g  t o  
salmon i n  B r i t i s h  Columbia. Much o f  t h e  
l o c a l  i n f o r m a t i o n  f o r  t h i s  s e c t i o n  was 
drawn from our  exper iences i n  t h e  marshes 
o f  Oregon and o u r  d iscuss ions  w i t h  o t he r s  
working there.  Many o f  t h e  ideas a r e  
s p e c u l a t i v e  i n  nature,  and we have care- 
f u l l y  t r i e d  t o  p o i n t  o u t  when the  da ta  a r e  
inadequate t o  make d e f i n i t i v e  statements. 

Chapter 5 i s  a  d i s cuss i on  of lianage- 
n e n t  p r a c t i c e s .  It examines bo th  t h e  h i s -  
t o r i c a l  approach and f u t u r e  nanagement 
e f f o r t s  b u i l  t on t he  c u r r e n t  unders tand ing  
o f  t he  r o l e  o f  these d iscon t inuous  wet- 
l ands  i n  t h e  coas ta l  zone o f  t h e  P a c i f i c  
b r t h w e s t .  The f i n a l  chap te r  sumnarizes 
t he  ma jo r  p o i n t s  about t h e  P a c i f i c  b r t h -  
west t i d a l  marshes and compares them t o  
those a t  o t h e r  s i t e s .  
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The a u t h o r i t y  used f o r  p l a n t  names 
i n  t h i s  p r o f i l e  i s  H i  tchcock and Conquist 
(1973). The a u t h o r i t y  used f o r  b i r d  names 
i s  American O r ~ i t h o l o g i s t s '  Union (AOU 
1982). 

The me t r i c  system i s  used throughout 
t h i s  r epo r t  except i n  those cases where 
the convent ion o f  t he  f i e l  d  i s  t o  use Eng- 
1 i s h  u n i t s  (i.e., s o i l  hor izons i n  inches, 
f i s h  weights i n  pounds). For ease i n  com- 
parison, Engl i s h  equiva lents  a re  g iven  f o r  
temperature, area, and t i d a l  he ights .  A 
t ab l e  of conversion values i s  prov ided f o r  

a l l  o t h e r  cases. 

Any quest ions,  comments about, o r  
requests  f o r  t h i s  p u b l i c a t i o n  should be 
addressed to :  

I n f o r m a t i o n  T rans fe r  Specia l  i s  t 
Nat ional  Coastal  Ecosystems Team 
U.S. F i s h  and Wi ld1 i f e  Se rv i ce  
WSA-Sl i d e l  1 Computer Compl ex 
1010 Gause Boulevard 
S1 i d e l  1  , Lou i s i ana  70458 
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CHAPTER 1 

PHYSICAL AND CHEMICAL ENVIROFEIENT 

The boundaries chosen f o r  t h i s  pro- 
f i l e  on t h e  t i d a l  marshes o f  t h e  P a c i f i c  
Northwest are t h e  southern border  o f  Ore- 
gon and t h e  no r t he rn  o f  Washington. Most 
o f  t h e  coas t  (excep t  Puget Sound) i s  r e l a -  
t i v e l y  unfeatured,  as i s  a l l  t h e  P a c i f i c  
coas t  of t h e  Un i t ed  States. A1 though t h e  
P a c i f i c  coas t  c o n s t i t u t e s  22.5% o f  t h e  
general  coast1 i n e  o f  t he  country ,  n o t  
i n c l u d i n g  Alaska, i t  con ta ins  o n l y  14.4% 
o f  t he  d e t a i l e d  sho re l i ne  (U.S. Geolog ica l  
Survey 1970). The P a c i f i c  Northwest com- 
p r i s e s  7.9% o f  t he  general  P a c i f i c  coast. 
The p ic tu resque  coast  o f  t h e  r e g i o n  has 
developed as t h e  r e s u l t  o f  geo log i ca l  
a c t i v i t y  which has produced rocky  head- 
lands ,  broad sand dune complexes, sandy 
pocket beaches, and o f f s h o r e  rocks. Estu- 
a r i e s  p r o j e c t  i n1  and from t h e  coas t  where 
ma jo r  r i v e r s  e n t e r  t h e  sea o r  where embay- 
ments are c u t  o f f  by headlands o r  baymouth 
sandbars. The Coast Range was formed from 
mar ine sediments and serves t o  mod i fy  t h e  
coas ta l  c l  imate as does t h e  Cal i f o r n i a  
Current.  The r e s u l t  i s  r a t h e r  un i fo rm 
coas ta l  temperatures throughout  t h e  year.  

1.1 REGIONAL CLIMATE AND METEOROLOGY 

The P a c i f i c  k r t h w e s t  coas t  has a 
m i ld ,  m i d - l a t i t u d e  west coas t  mar ine c1 i- 
mate. The ma r i t ime  i n f l u e n c e  o f  t h e  
P a c i f i c  Ocean p rov ides  moderate weather, 
warming t h e  area i n  t h e  w i n t e r  and cool i n g  
i t  i n  t h e  summer. Also s i g n i f i c a n t  i n  
ma in ta i n i ng  m i l d  cond i t i ons  i s  t h e  p ro tec -  
t i v e  b a r r i e r  prov ided by t h e  Cascade Moun- 
t a i n s  which guards t he  coas ta l  a rea  
i n c l u d i n g  t he  Olympic Mountains and t h e  
Coast Range aga ins t  t he  c o l d  w i n t e r  and 
h o t  summer con t i nen ta l  a i r  masses t o  t h e  
east.  

During t h e  w i n t e r  t h e  A l e u t i a n  Low, 
one o f  t he  ma jo r  pressure pa t t e rns  con- 
t r o l l i n g  t he  P a c i f i c  Northwest c l ima te ,  
expands southward over  t h e  G u l f  o f  Alaska 
and t h e  Ber ing Sea from i t s  usual p o s i t i o n  
over  southwest A1 aska. Counterclockwise 
a i r f l o w  around t he  low r e s u l t s  i n  winds 
from t h e  west and southwest. F ron ta l  
storms move eastward i n t o  t h e  P a c i f i c  
Northwest, r e s u l t i n g  i n  h i g h  p r e c i p i t a t i o n  
du r i ng  t h e  w i n t e r  months. Average annual 
p r e c i p i t a t i o n  along t h e  coas t  i s  180 t o  
200 cm (70 t o  80 inches)  p e r  yea r  w i t h  80% 
o f  t h i s  occu r r i ng  between October and 
March. Prolonged per iods  o f  l i g h t  t o  
moderate r a i n  a re  t y p i c a l .  Snowfal l  i s  
r a r e  a long t h e  coast.  Dense c loud  cover  
i s  common e s p e c i a l l y  d u r i n g  t h e  w in te r ;  
80% t o  100% c l oud  cover  i s  r epo r t ed  f o r  
ha1 f t h e  days o f  t h e  year.  Winds from t h e  
south t o  southwest keep temperatures m i l d  
by b r i n g i n g  warmer a i r  from t h e  ocean. 
Maximum w i n t e r  temperatures average 3"  t o  
7 "  C (38" t o  45' F) a long  t he  Washington 
coas t  and i n  t he  l o w  teens a long t he  more 
southern Oregon coas t  w h i l e  minimum tem- 
pera tu res  range from -2" t o  2' C (28" t o  
36" F )  along t he  Washington coas t  and near 
5" C (41" F)  f o r  t h e  Oregon coas t  (Oceano- 
g raph i c  I n s t i t u t e  o f  Washington 1977). 

The ma jo r  pressure p a t t e r n  c o n t r o l -  
l i n g  Northwest c1 imate  du r i ng  t h e  summer 
i s  the Nor th  P a c i f i c  High which moves from 
i t s  w i n t e r  1  o c a t i o n  o f f  t h e  southern Cal i- 
f o r n i a  coast  t o  o f f  no r t he rn  Cal i f o r n i a  
du r i ng  t he  summer. Clockwise a i r f l o w  
around t he  h i gh  r e s u l t s  i n  nor thwest  
oceanic  winds which keep summer tempera- 
t u r e s  m i l d .  Coastal upwel l  i n g  keeps near- 
shore waters  cool and f o g  o f t e n  r e s u l t s  
where t h e  c o l d  wa te r  meets warmer o f f s h o r e  
waters. Along t he  Washington coas t  maxi- 
mum temperatures range f rom 17" t o  19" C 



(63' t o  66" F ) ;  minimum temperatures aver- species. Th i s  would be p a r t i c u l a r l y  t r u e  
age 10' C (50" F).  P r e c i p i t a t i o n  du r i ng  o f  p l an t s ,  such as sa l  t g r a s s  ( D i s t i c h 1  i s  
t h e  sunr:ier rnonths i s  1  i g h t  w i t h  on ly  20% sp i ca ta ) ,  which have t h e  C4 t y p e  o f  rnetab- 
o f  t h e  annual t o t a l  occu r r i ng  between o l i s ~ i  and can e f f e c t i v e l y  u t i l  i z e  ve ry  
A p r i l  and September (Oceanographic I n s t i -  h i gh  l i g h t  i n t e n s i t y .  Other p l a n t s  such 
t u t e  of Washington 1977). A t y p i c a l  annu- as P a c i f i c  s i l ve rweed ( P o t e n t i l l a  paci- 
a1 p r e c i p i t a t i o n  pa t t e rn  i s  t h a t  seen f o r  fica) have the C3 t ype  o f  rqetabol ism, and 
T i l l  arnook, Oregon, i n  1979 (F i gu re  1) .  t h e i r  pho tosyn the t i c  processes a r e  1  i q h t  

sa tu ra ted  a t  much l owe r  1  i g h t  i n t e n s i t i e s .  
The c l  i ~ n a t e  r e s u l t s  i n  r a t h e r  benign 

growth c o n d i t i o n s  f o r  marsh p l a n t s  and 
animals. Hard f reezes are not  common and 1.2 TIDAL REGIMES AND WATER RELATIONS 
i c e  scouring, which may be impor tan t  i n  
the  development and d e t r i t u s  cyc l i ng  o f  The t i d e  a long t h e  coas t  o f  t h e  Paci -  
New England marshes, i s  ext remely  r a re .  f i c  Pbrthwest c o n s i s t s  of  semid iu rna l  and 

k 4 i  I d  surnnler temperatures combine w i t h  oc- d i u r n a l  components. The semid iu rna l  po r -  
cas ional  r a i n f a l l  t o  keep t he  i n t e r s t i t i a l  t i o n  occurs approx imate ly  every  12 hours 
sal i n i t y  modera te  when the  lower  h i gh  w h i l e  t he  d i u r n a l  component occurs a t  
t i d e s  occur. I n  Mid- At1 a n t i c ,  Southeast, about 25- hour i n t e r v a l  s. These phenomena 
Gulf coast, and southern C a l i f o r n i a  r e s u l t  i n  t w o h i g h  t i d e s o f  unequal ampl i -  
f i~arshes, e v a p o r a t i o n  r e s u l t s  i n  hypersa- tude per day: one h i g h e r  h i g h  and one 
1  i n e  c o n d i t i o n s  which 1  ead t o  reduced l owe r  h i gh  (Oceanographic I n s t i t u t e  o f  
p l a n t  growth. I n  the  P a c i f i c  bbrthwest Washington 1977). S im i l  a r l  y, two unequal 
t he  fog and t h e  h i gh  frequency o f  c loud  lows occur  each day. F i gu re  2 i l l u s t r a t e s  
cover reduce l i g h t  t o  t h e  p o i n t  where a  d a i l y  t i d a l  h e i g h t  c y c l e  f o r  As to r i a ,  
pho tosyn thes is  may be l i m i t e d  f o r  some Oregon. F igure  3 i l l u s t r a t e s  an annual 

F i gu re  1. An annual p r e c i p i t a t i o n  p a t t e r n  f o r  coas ta l  Oregon a t  T i l l amook  i n  1979 
(from Sel i s k a r  1981). A1 though r a i n f a l l  occurs throughout  t h e  year ,  i t  i s  concen- 
t r a t e d  d u r i n g  per iods  when t h e  A l e u t i a n  low moves southward. 

2 
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Figure 2. Typical daily tidal curve for  
Astoria, Oregon (U.S. Department of Com- 
merce 1979 1. 

regime of high t ides a t  Netarts Bay, Ore- 
gon. The diurnal range in tidal amplitude 
varies from zero a t  the upriver portion of 
t idal  influence to more than 3 meters (10 
f t )  a t  cer ta in  s ta t ions  in some estuaries 
(U.S. Department of Commerce 1979). 

The higher t ides  occur during the 
f a l l  and winter and resu l t  in wetter so i l s  
and more frequent input of s a l t s  to the 
in ter t idal  substrates.  The combination of 
changes in atmospheric evaporative power, 
r a i n f a l l ,  and t idal  inundation resul t  i n  
s a l i n i t i e s  in the lower elevation marsh 
being highest from July t o  December (Gal- 
lagher and Kibby, unpublished data) .  In 
the higher elevation plant stands, sal in- 
i t y  was low and more uniform throughout 
the year. Saturation of the so i l s  w i t h  
t ide  and rainwater i s  most common during 
the winter. The resul tant  reduction in 
soil  oxygen comes a t  a time when the 
plants a re  dormant so adverse effects  are  
minimal. 

Upwell ing i s  an important feature of 
waters along the Pacific Northwest coast. 
During the summer, prevail ing winds from 
the north push surface water offshore 

a1 lowing deeper, nutrient-rich (due to  
decom osit ion processes which occur a t  
depth! water to  r i s e  to the surface. 
Upwelling i s  most prominent along the 
southern Oregon and northern Cal ifornia 
coast. Further northward i t  i s  masked on 
the surface by the Columbia River plume 
and flow from the S t r a i t  of Juan de Fuca. 
The Columbia River plume produces i t s  own 
"river-induced upwelling" by pushing sur- 
face waters seaward thus allowing nutri- 
ents to come close t o  the surface. 
Increased nutrients in coastal waters dur- 
ing summer upwell ings are  important in 
increasing productivity of the adjacent 
estuaries;  thus nutr ients  from coastal 
upwell ing eventual 1 y bathe the tidal 
marshes as well (Proctor e t  a l .  1980). 

1.2.1 The Estuaries 

Tidal marshes are subjected to vari- 
ous sal ini ty and sediment regimes, depend- 
i n g  on the type of estuary they border. 
There are four types of Pacific Northwest 
estuaries:  bar-buil t ,  bl ind, drowned- 
r ive r ,  and fjord.  Bar-built es tuar ies  are 
formed by the accumulation of sand along 
bars which, when connected to shore, 
r e s t r i c t  water flow to coastal mbayments. 
Netarts Bay, Sand Lake, Grays Harbor, and  
Nil lapa Bay are examples of bar-buil t es- 
tuar ies  (Bottom e t  a l .  1979). 

The second type of estuary, the bl i n d  
estuary, develops from a bar-buil t type 
when freshwater o r  tidal flow i s  low, usu- 
a l l y  during the summer, and beach sedi- 
ments close the mouth of the river.  Elk 
River, Pistol River, Sixes River, and the 
Winchuck River in Oregon are examples 
where such closures are common (Bottom e t  
a l .  1979). 

The thi rd  type of estuary i s  the 
drowned-river val 1 ey. These es tuar ies  
were formed upon the rising of sea level 
a t  the end of the l a s t  ice age and the 
subsequent flooding of the former river 
valleys. Coos Bay, Yaquina Bay, Nehalern 
Bay, and S i l e t z  Bay exemplify t h i s  estuary 
type (Bottom e t  a l .  1979). The Columbia 
River Estuary, however, i s  associated with 
a r ive r  tha t  has a clean, stream-cut chan- 
nel rather than a drowned-river valley 
(Duxbury 1971). Some estuaries such as 
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Figure 3. High t ides  a t  Netarts Bay, Oregon (from Se l i ska r  1981). Highest h igh t i des  
occur f a l l  and winter. 

Til lamook Bay show both b a r - b u i l t  and 
drowned-r iver charac ter is t i cs .  

Puget Sound, a c o l l e c t i o n  o f  estu- 
a r i es  o f  several  types, i s  the most 
complex o f  t h e  Paci f i c  Northwest systems. 
Elements o f  t h e  Sound are of the  f j o r d  
type carved Out by g lac ie rs  (Duxbury 
1971). Tahle 1 1 i s t s  the Pac i f i c  
Northwest es tua r ies  and t h e i r  c l  a s s i f i -  
cation. 

1.2.2 R i v e r  Systems and Runoff 

The f reshwater  runo f f  pat terns i n t o  
the es tua r ies  of the P a c i f i c  Northwest, 
excluding t h e  Columbia R iver  Estuary, are 
dependent upon p r e c i p i t a t i o n  patterns. 
Therefore, runof f  i s  h igh  dur ing the  
rainy, w i n t e r  season, wh i l e  i n  t he  summer 
i t  i s  s i g n i f i c a n t l y  less. I n  t he  case o f  
the  Columbia River, which i s  t he  l a r g e s t  

source o f  freshwater en ter ing  the P a c i f i c  
Ocean from Oregon and Washington, runo f f  
peaks i n  the l a t e  because of spr ing snow- 
me1 t. During the summer the  freshwater 
plume moves southwest wh i l e  i n  the w in te r  
i t  moves northward (Proctor  e t  a1 . 1980). 
Drainage bas in  areas and mean annual d is -  
charge ra tes  f o r  es tuar ies  are inc luded i n  
Table 1. 

The amount of freshwater en ter ing  the 
estuar ine system i s  s i g n i f i c a n t  t o  the  
t i d a l  marshes f r i n g i n g  the es tuar ies  and 
w i l l  i n f luence the species present and the  
ne t  pr imary p roduc t i v i t y .  For example, 
marsh f l o r a  and fauna i n  the Wi l lapa Bay 
and Sand Lake marshes are subjected t o  
h igh  s a l i n i t i e s  due t o  t h e i r  small d ra in -  
age basins and low freshwater input .  I n  
estuar ies w i t h  1 arger drainage areas such 
as the  Columbia River, there i s  g rea te r  
d i l u t i o n  o f  t he  s a l t  water. An example o f  



Table 1. C l a s s i f i c a t i o n  o f  es tua r i es  o f  t he  P a c i f i c  Northwest, d ra inage  b a s i n  area, and 
mean annual d ischarge ra tes .  (Mod i f ied  from Roden 1967, c i t e d  b y  P roc to r  e t  a1 . 1980; 
Wi lsey and Ham 1974, c i t e d  by  Bottom e t  a l .  1979; and Percy e t  a l .  1974). 

Es tua r i es  

Mean annual 
Es tua ry Drainage b a s i n  d ischarge  r a t e s  

c l  a s s i f i c a t i o n  area (mi 2, (106 a c r e  f t / y r )  

Puget Sound 
Q u i l l  a yu te  R ive r  
Hoh R i v e r  
Queets R i v e r  
Qu i naul t R i v e r  
Grays Harbor 

1) Humptul i p s  R i ve r  
2) Chehal i s  R ive r  

N i l  1 apa Bay 
1 )  North R i ve r  
2 )  W i l l apa  R i v e r  
3 )  Nasel l  e R i ve r  

OREGON 

Columbi a R i v e r  
Necanicum R i ve r  
Nehal em Bay 
T i1  1 amook Bay 
Ne ta r t s  Bay 
Sand Lake 
Nestucca Bay 
Salmon R i ve r  
S i l  e t z  Bay 
Yaquina Bay 
A1 sea Bay 
S ius l  aw R i ve r  
Umpqua R i v e r  
Coos Bay 
Coqu i l l  e R i  ve r  
S ixes R i ve r  
Elk R i v e r  
Rogue R i v e r  
P i s t o l  R i v e r  
Chetco R i v e r  

F j o r d  a - 
Drowned-ri ver  382.0 
Drowned-r iver 252.8 
Drowned-ri ve r  443.8 
Drowned-r iver 264.0 
Bar -bu i l  t 

130.0 
1,813.8 

Bar -bu i l  t 
218.8 
157.8 

89.1 

Stream- c u t  
Drowned-ri ver  
Drowned-r iver 
Drowned-r i ver 
Bar -bu i l  t 
Bar -bu i l  t 
Drowned-r iver 
Drowned-ri ver 
Drowned-ri v e r  
Drown e d - r i  ver 
Drowned-r iver 
Drowned-ri ver  
Drowned-r iver 
Drowned-ri ver  
Drowned-ri ve r  
61 i n d  
B1 i n d  
Drowned-ri ve r  
B1 i n d  
Drowned-ri ve r  

- 

a The symbol ( - )  i n d i c a t e s  no r epo r t ed  values. 



the  seasonal increase i n  i n t e r s t i t i a l  s o i l  
s a l i n i t y  can be seen i n  Netarts Bay, an 
estuary w i t h  1 i t'tl e freshwater i npu t  i n  
the  summer. I n  e i g h t  p l a n t  stands the  
s a l i n i t y  rose from an average of 10 pa r t s  
per thousand (ppt)  i n  Ap r i l  t o  22 pp t  i n  
July. The change was not  uniform over the  
marsh; 1 i t t i e  change was not iced a t  t he  
upper f r i n g e  wh i le  a t  lower s i t e s  s a l i n i t y  
more than doubled (Gallagher and Kibby i n  
prep 1 
1.2.3 T ida l  Creeks 

Estuar ine  water moves i n  and out  o f  
the s a l t  marshes by way o f  t i d a l  creeks. 
According t o  E i l e r s  (1975), most o f  the 
creek systems are o f  the  dendr i t i c  type - 
a major  channel w i th  minor branches and 
sub-branches. I n  the Nehalem Bay marsh, 
creeks do not  o f  ten  extend i n t o  the marsh 
area above 2.8 m above mean lower low 
water (MLLW). The densi ty  o f  marsh creeks 
i s  r e l a t e d  t o  e levat ion,  marsh type, and 
dra'inage ( E i l e r s  1975). Generally, creek 
development i s  most extensive i n  middl e- 
aged marshes. Due t o  denser s t a b i l  i z i n g  
vegetat ion i n  the  upper por t ions o f  t h e  
marsh creek channel , meandering occurs 
only i n  lower  marsh areas. 

F igu re  4 dep ic ts  the stream pa t te rn  
i n  the  marsh a t  the head o f  k t a r t s  Bay, 
Oregon. These extensive channel systems 
provide access f o r  aquatic organisms which 
nay be us ing  the marsh as a nursery ground 
and/or feeding s i t e .  The stream systems 
ca r r y  d e t r i t u s  from i t s  s i t e  o f  product ion 
t o  the organisms i n  deeper water. They 
a1 so b r i n g  t i d a l  subsidy t o  areas o f  the  
marsh away from the  main estuar ine chan- 
nel.  A1 though the term i s  incompletely 
def ined and not  y e t  quant i f ied ,  Mum 
(1980) proposes tha t  t i d a l  energy subsi- 
d izes t h e  coastal marshes. That subsidy 
may take the form of removing tox i c  organ- 
i c  ma te r i a l s ,  carry ing oxygen and n u t r i -  
ents t o  t h e  roo t  zone, d i l u t i n g  s a l t  near 
the roo ts ,  o r  o ther  undefined work. The 
sedge i n  Oregon marshes i s  more vigorous 
along t h e  streambanks than i s  the back- 
marsh, a phenomenon which may be associ- 
ated w i t h  t i d a l  subsidy (Gallagher and 
Kibby 1981). 

Figure 4. Stream pat te rns  i n  the  marsh a t  
the  head o f  Netarts Bay, Oregon. The 
dashed l i n e  ind ica tes  the p o s i t i o n  o f  an 
o l d  dike. 

An o l d  d i ke  i s  ind ica ted by the dot- 
t e d  l i n e  i n  Figure 4, and a number of 
brackish water pools are seen i n  the upper 
reaches o f  the  marsh. Such d ikes  were 
placed on many marshes t o  make them dry  
enough f o r  pasturing. Tide gates a1 lowed 
creeks t o  d ra in  p r e c i p i t a t i o n  and upland 
r u n o f f  bu t  blocked incomi ng t i d a l  water. 

1.3 SOILS - SALINITY AND FERTILITY 

The physical and chemical envi  ron- 
ments o f  P a c i f i c  Northwest marsh s o i l s  
appear t o  be s i m i l a r  t o  those i n  coasta l  
wetlands a t  s i m i l a r  l a t i t u d e s  on the  
A t l a n t i c  coast. S o i l s  range from sand o r  
s i l t  t o  peat, depending on the age o f  the 
marsh and the type and amount o f  sediment 
l oad  i n  the adjacent r i ve rs .  The i r  sal i n -  
i t i e s  1 i kewi se depend on the  nature o f  t he  
es tuar ine  system i n  which they develop and 
the  pos i t i on  o f  t h e i r  s i t e s  w i t h i n  t he  
estuary. The systems range from those 
dominated by freshwater from l a r g e  r i v e r s  



such as the Columbia t o  those w i th  p r i -  
m a r i l y  oceanic inf luence. k t r i e n t  input  
t o  marsh s o i l s  from the ocean i s  l i k e l y  
greatest  dur ing seasonal coasta l  upwell- 
ing. Input  from the land i s  greatest  when 
runo f f  from the nearby h i l l s  i s  h igh dur- 
ing r a i n  i n  the f a l l ,  w in ter ,  and spring, 
and dur ing snowmelt i n  the  Cascades i n  the 
spring. 

Extensive studies have not been made 
o f  marsh s o i l s  i n  the P a c i f i c  b r thwest .  
Livennan (1982) excavated s o i l  p i t s  along 
t ransects from upland t o  t i d a l  f l a t  a t  
Netarts Bay, Oregon. The s o i l  was com- 
posed almost e n t i r e l y  o f  sand i n  the 
up1 and (dune) and t i d e f l  a t .  Between these 
two areas l i e s  the  t i d a l  marsh. I n  the 
middle marsh several s o i l  horizons ex is t .  
The surface 0.5 m i s  a dark greyish-brown 
sandy loam. Below t h i s  i s  a l a y e r  o f  dark 
grey c lay  loam approximately 0.25 m th ick .  
The next ha1 f meter cons is ts  o f  dark 
greyish-brown sand beneath which i s  a dark 
grey-bl ue c l  ay. These descr ip t ions  are 
ecological  i n  nature bu t  would be c lass i -  
f ied  as En t i so l s  by pedologists.  General- 
l y  marsh s o i l s  are c l a s s i f i e d  i n  e i t h e r  
the order Ent iso l  o r  H i s toso l .  The p r i -  
m a r i l y  organic s o i l s  are the  Histosols, 
and they are ca l l ed  Sul f i h e m i s t s  i n  coast- 
a l  areas where su l f i des  a re  produced from 
the reduct ion  o f  seawater su l fa tes .  Sul- 
faquents are  recent ly  fonned mineral s o i l s  
(Ent iso l  s) cmmon t o  the s a l t  marsh (Gal- 
lagher 1980). Table 2 i l l u s t r a t e s  a t yp i -  
cal p ro f  i 1  e f o r  a Histosol  and an Ent iso l  
from the marsh. A1 though the p r o f i l e s  
were described from A t l a n t i c  coast 
marshes, spot  checks o f  c h a r a c t e r i s t i c s  i n  
P a c i f i c  Northwest marsh s o i l s  i nd i ca te  
tha t  the p r o f i l e s  are s i m i l a r .  There i s  
c e r t a i n l y  no evidence t h a t  s o i l  s  develop- 
ing i n  s i m i l a r  l a t i t u d e s  w i t h  s i m i l a r  
types of f lood ing  and s a l i n i t y  regimes 
would be d i f f e r e n t  on t h e  two coasts. 
D e t a i l s  o f  determinations of pH, color ,  
texture, etc., can be found i n  Breeding e t  
a l .  (1974), Darmody and FosS (19781, and 
Gal 1 agher (1980). 

Moisture content i n  sal  t marsh s o i l  s  
i s  dependent upon p r e c i p i t a t i o n  and fre- 
quency o f  submergence, the  l a t t e r  o f  
which, o f  course, i s  r e l a t e d  t o  e levat ion.  
Saturated condi t ions genera l l y  e x i s t  i n  

lower e l e v a t i o n  marshes. Sel i s k a r  (1981) 
measured s o i l  moisture along t ransects i n  
the  s a l t  marsh f r i n g i n g  Netar ts  Bay, Ore- 
gon, us ing  permanently imp1 anted s o i l  
moisture tensiometers. So i l  moisture ten- 
sion, a measure o f  dryness, i s  h ighest  i n  
s o i l s  i n  t he  upper marsh (Figure 5). The 
l a r g e  drops i n  tens ion  c l o s e l y  co inc ide  
w i t h  p r e c i p i t a t i o n  data f o r  the  area. 
High tensions develop between storms and 
spr ing t i des .  

Gal 1 agher (1980) described f i v e  fac- 
t o r s  which inf luence marsh s o i l  sa l  i n i  t y :  
(1)  s a l i n i t y  o f  the f lood ing  es tuar ine  
water; (2 )  t i d a l  e levat ion ;  (3)  t he  envi -  
rormental compl ex ( i n c l u d i n g  temperature, 
pan evaporat ion, and r a i n f a l l ) ;  ( 4 )  s o i l  
t ex tu re  (coarser  s o i l s  are more e a s i l y  
f lushed) ; and ( 5 )  s p e c i f i c  evapotranspira- 
t i o n  r a t e  o f  the p l a n t  species. So i l  
sa l  i n i  t y  measured a1 ong t ransects a t  
Netarts Bay, Oregon, decreased from lower 
t o  upper marsh (Sel i s k a r  1981; Liverman 
1982). The higher s a l i n i t y  a t  the  lower 
e leva t i ons  i s  due t o  t h e  f requent  f lood ing  
by the estuar f  ne waters. As one moves 
landward, f lood ing  o f  the  marsh i s  l e s s  
f requent  and ra inwater  d i l u t e s  the  s a l t s  
t h a t  a re  present. S a l i n i t y  may a1 so 
dec l i ne  w i t h  depth i n  the marsh. I n  some 
sandy narshes low s a l  i n i t y  ground water 
may sur face a t  the i n t e r f a c e  o f  the marsh 
and mudflat.  Liverman (1982) found t h a t  
i n  the marsh on the Netar ts  sand s p i t  a 
lens-shaped freshwater body f l o a t s  on top  
o f  a convex s a l t  groundwater body. The 
freshwater 1 ens recharges w i t h  w in te r  pre- 
c i p i t a t i o n ,  bu t  dur ing  the  summer i t s  
l e v e l  approaches the  surface o f  the s a l t  
groundwater. The p o i n t  o f  freshwater d i s -  
charge on to  the marsh depends on the  depth 
of the s a l  t groundwater surface. 

The supply of n u t r i e n t s  provided by a 
s o i l  depends, f o r  the  most par t ,  upon the  
t e x t u r e  o f  the s o i l .  The coarser the sub- 
s t ra te ,  t he  lower t h e  nu t r i en ts .  F iner  
tex tured s a l t  marsh s o i l s  have t h e  h ighest  
n u t r i e n t  content due t o  t h e i r  g reater  
ca t i on  exchange capaci t y  (Gal 1 agher 1980). 
Sel i s k a r  (1981) found t h a t  potassium (K)  , 
calcium (Ca), magnesium (Mg), and t o t a l  
n i t r ogen  ( t o t a l  N) were much lower i n  a 
t ransect  which consisted t o t a l l y  o f  sand 
than i n  any o f  the o the r  more s i l t y  t ran-  



[ a b l e  2. Desc r i p t i on  o f  a t y p i c a l  S u l f i h m i s t  ( H i s t o s o l )  and a t y p i c a l  Sul faquent  
( E n t i s o l  ) from coas ta l  marshes. These desc r i p t i ons  were w r i t t e n  from At1 a n t i c  coas t  
marshes, bu t  checks o f  s a l i n i t y ,  boundaries, pH tex tu re ,  and s t r u c t u r e  on P a c i f i c  North- 
west  marsh p r o f i l e s  i n d i c a t e  s i m i l a r  s o i l  desc r i p t i ons  would app ly  t o  them. Co lo r  
des i gna t i ons  were obta ined us ing t h e  Munsell s o i l  c o l o r  cha r t .  

Depth S t r u c t u r e  Sal i n i t y  
Hor izon ( inches)  Color  Texture cons is tency pH Boundary ( pp t )  

TYPIC 
SULFIHEMIST 

O i  1 

Oe 1 

Oe 2 

Oe 3 

Oe 4 

TY P I  C 
SULFAQUE NT 

A 11 

Organic, 
5% minera l  

'Organic, 
10% 
minera l  

Organic, 
20% 
minera l  

Organic, 
10% 
minera l  

Organic, 
15% 
minera l  

C1 ay 1 oam 

C1 ay  loam 

C1 ay 

C1 ay 

Plassive, 
non -s t i c ky  

Massive, 
s l  i g h t l y  
s t i c k y  

Massive, 
s l  i g h t l y  
s t i c k y  

Massive, 
s l  i g h t l y  
s t i c k y  

Massive, 
s l  i g h t l y  
s t i c k y  

Weak, sub- 
angular  
b l  ocky, 
s t i c k y  

Massive, 
s t i c k y  

Massive, 
s t i c k y  

!Iassive, 
s t i c k y  

6.6 Abrupt,  
smooth 

6.8 Abrupt, 
smooth 

7.0 Abrupt, 
smooth 

6.8 Gradual , 
smooth 

7.0 no 
boundary 

6.9 Gradual, 
wavy 

7.0 Clear,  
wavy 

6.9 Gradual, 
wavy 

6.8 Gradual, 
wavy 

c 39 50-60 5 GY 5 /1  S i l t y  c l a y  Massive, 7.2 3 6 
s t i c k y  

8 



ELEVATION 
(rn above MHW) - 1.01 

0.76 . . . . . . . . . 0.18 

F i g u r e  5. Marsh s o i l  mo i s t u re  t ens i on  
du r i ng  t h e  growing season a t  r k t a r t s  Bay, 
Oregon, a t  a depth o f  10  cm (mod i f ied  
f r o n  Sel i s k a r  1981). 

sects .  I n  t h e  sandy s i t e ,  K, Ca, Mg, and 
t o t a l  N values were approx imate ly  200 
p a r t s  pe r  m i l  1 i o n  (ppm), 1.0 m i l  1 iequ iva -  
l e n t s  (meq)/100 g, 2.3 meq/100 g, and 
0.05%, r e s p e c t i v e l y ,  w h i l e  i n  t h e  s i l t i e r  
areas, t h e  values were approximate1 y 2,000 
ppn, 8.0 meq1100 g, 25.0 meq1100 g, and 
0.5% f o r  K, Ca, Mg, and t o t a l  N, respec- 
t i v e l y .  

Marsh s o i l s  which a re  submerged f r e -  
q u e n t l y  a r e  o f t e n  anaerobic below a depth 
of 3 an. Oxygen i s  r a p i d l y  removed by t h e  
decomposit ion process. As a r esu l  t, chem- 
i c a l s  i n  these s o i l s  g e n e r a l l y  occur  i n  a 
reduced s t a t e .  Dur inq anaerobic  decompo- 

s i t i o n ,  compounds such as s u l f i d e s ,  organ- 
i c  acids, and aldehydes which a re  o f t e n  
t o x i c  t o  some organisms may accumulate. 

Sedimentat ion i s  impo r t an t  i n  a num- 
b e r  o f  ways i n  t h e  marsh. Where sea l e v e l  
i s  r i s i n g  r e l a t i v e  t o  t h e  land ,  i t  pro- 
v ides  a mechanism f o r  t h e  p l a n t s  t o  main- 
t a i n  t h e i r  p o s i t i o n  r e l a t i v e  t o  submerg- 
ence. Fur ther ,  i t  prov ides  a mechanism 
f o r  e l e v a t i n g  rnudf la ts  t o  a h e i g h t  which 
w i l l  suppor t  marsh p l a n t  growth. Using 
maps and a e r i a l  photographs, Johannessen 
(1961) c a l c u l a t e d  t h e  r a t e  o f  l a t e r a l  ad- 
vance o f  t i d a l  marsh i n  t h e  C o q u i l l  e Estu- 
a r y  between 1887 and 1939 and found i t  t o  
be approx imate ly  70 f t l y r .  The r a t e  has 
decreased s i nce  then  t o  about  5 f t l y r .  
Between 1940 and 1960, t h e  amount o f  marsh 
doubled i n  Kentuck Slough o f  Coos Bay. 
L i t t l e  ne t  change has occurred i n  t h e  
Alsea Estuary  a l though  t h e r e  a r e  areas o f  
advancement and re t reatment .  Since 1875, 
marsh advancement has ranged f rom 0 t o  27 
f t / y r  a t  Nehalem Bay (Johannessen 1961). 

J e f f e r s o n  (1975) r epo r t ed  a c c r e t i o n  
r a t e s  o f  0.5 t o  1.7 cmlyear i n  low, s i l t y  
Oregon marshes. Depos i t i on  i s  uneven 
between marshes because sediment 1 oads 
vary  from one es tua r y  t o  another  and cur-  
r e n t  v e l o c i t i e s  v a r y  due t o  p l a n t  dens i t y ,  
water  volume, and area o f  spreading. 
W i t h i n  a marsh, d e p o s i t i o n  i s  u s u a l l y  
g r e a t e s t  a long  t h e  stream banks where t h e  
c u r r e n t  v e l o c i t y  f i r s t  slows. Observa- 
t i o n s  by  t h e  au thors  i n  t h e  F rase r  Es tuary  
i n  B r i t i s h  Columbia i n d i c a t e d  t h a t  a lmost  
a l l  t h e  d e p o s i t i o n  occurs  du r i ng  t h e  
sp r i ng  f r eshe t .  Depos i t s  o f  5 cm ly r  were 
common. Stumpf (1981) has measured 
d e p o s i t i o n  r a t e s  i n  a Delaware s a l t  marsh 
and found t h a t  most o f  t h e  annual 
d e p o s i t i o n  was assoc ia ted  w i t h  storm 
events, n o t  day-to-day inunda t ion .  We 
suspect a few events  each yea r  a r e  a l so  
r esons ib l e  f o r  most d e p o s i t i o n  i n  t h e  
P a c i f i c  Northwest marshes. 



CHAPTER 2 

MARSH DISTRIBUTION 

Steep re1 i e f  character izes the  
t e r r e s t r i a l  s ide o f  the d i v i s i o n  between 
1 and and sea and extends be1 ow the  waves. 
The heavy wave act ion dominating the  
exposed shores of the  P a c i f i c  Northwest 
coast produces an inhospi table s i t e  f o r  
marshl and development . There are, how- 
ever, two types o f  protected havens along 
t h i s  high-energy coast1 i n e  where marshes 
devel op . 

The most common t i d a l  marshland s i t e s  
are those f r i n g i n g  the borders o f  r i v e r s  
which r u n  more o r  l e s s  d i r e c t l y  i n t o  the 
P a c i f i c  Ocean (Figure 6). The Salmon 
R i  ver  Estuary, f o r  exampl e, has extensive 
f r i n g i n g  marshes. H i s t o r i c a l l y ,  t h i s  type 
of marsh extended many mi les up the 
r ivers ,  b u t  d ik ing  has converted many o f  
t he  upper r i v e r  t i d a l  wet1 ands i n t o  pas- 
tures. A second se t t i ng  f o r  wetlands i s  
i n  the 1 ee o f  emergent bay-mouth bars 
which enclose broad r i v e r  va l leys  where 
low energy loca t ions  necessary f o r  the 
devel opment o f  marshl ands occur. Grays 
Harbor and W i l  lapa Bay, Washington, and 
Ti l lamook Bay, Oregon, are examples of t he  
1 a t t e r  type. 

2.1 DISTRIBUTION OF TIDAL MARSHES 

Jefferson (1975) and E i l  e r s  (1975) 
measured areas o f  ex i s t i ng  sal t marsh f o r  
14 Oregon estuar ies from ae r ia l  photo- 
graphs and maps (Table 3). Je f fe rson 
(1975) s t a t e d  tha t  i n  Oregon there  was a 
t o t a l  o f  29 h2 o f  undiked s a l t  marsh, 
excluding t h e  Columbia River. 

S a l t  marshes i n  the Northwest have 
been shown t o  be prograding; Johannessen 
(1964) found t h a t  the Nehalem Bay, Ti1 1 a- 
mook Bay, Umpqua River, Coos Bay, and 
Coqu i l l e  R ive r  marshes 'of Oregon were 
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expanding, bu t  found no such expansion a t  
the  A1 sea. E i l  ers (1975) measured progra- 
da t ion  o f  the wetlands a t  Nehalem Bay a t  a 
maximum r a t e  o f  2.4 mlyear. A poss ib le  
reason for  t h i s  accre t ion  i s  increased 
r i v e r i n e  sedimentation due t o  ag r i cu l  t u re  
and logging prac t ices  and perhaps erosion 
brought about by f o r e s t  f i r e s  (Akins and 
Jef ferson 1973). Figure 7 i l l u s t r a t e s  a 
marsh-mudfl a t  i n te r face  where acc re t i on  i s  
e levat ing a t i d a l  f l a t  and the  marsh i s  
expanding seaward. 

Even though considerabl e progradat ion 
has taken place i n  past years, the  l o s s  of 
marsh hab i ta t  i s  s t i l l  g rea te r  than i t s  
gain. For example, i n  t he  l a s t  100 years 
90% o f  the Coos Bay s a l t  marsh has been 
destroyed f o r  various purposes inc lud ing  
agr icu l tu re ,  industry,  and residences. 
The City o f  Coos Bay, Oregon, i s  b u i l t  on 
what was once marsh (Hof fnagle and Olson 
1974). S i x t y  percent o f  the  marshland 
bordering Puget Sound i n  the e a r l y  1800's 
has been l o s t  t o  dredge and f i l l  pro jec ts ,  
j e t t i e s ,  and marinas. This does not 
inc lude land l oss  before the  area was 
f i r s t  mapped (Meyer 1979). D ik ing  has 
stopped the natura l  f unc t i on ing  o f  more 
s a l t  marsh than any o ther  type o f  i n t r u -  
sion. Once i t  was found t h a t  such areas 
provided product ive farm1 and, most areas 
o f  h igh  marsh i n  Oregon were diked 
(Jef ferson 1975). About 50% o f  o r i g i n a l  
wetlands o f  W i l l  apa Bay, Washington, have 
been diked o r  f i l l e d  (U.S. Department o f  
t h e  I n t e r i o r  1970). 

I n  1 i g h t  o f  the importance o f  the 
s a l t  marshes t o  coastal ecosystems, marsh- 
lands are being reclaimed from ag r i cu l -  
t u r a l  use i n  some places by breaking the  
dikes. M i  tchel  1 (1981) conducted research 
on the natural  establ ishment and succes- 
s ion  o f  s a l t  marsh p lan ts  i n t o  a p rev i -  
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Figure 6.  Location of  e s t u a r i e s  i n  Oregon 
and Washington (U.S. Geological Survey 
1970). 

ously diked a r ea  on t he  Salmon River 
Estuary. I4arshes s i m i l a r  t o  the  ad j acen t  
natural  systems seem to  be devcl oping 

Tab1 e 3.  Areal ex t en t  of sa1 t marshes 
a s soc i a t ed  with Oregon e s t u a r i e s  (from 
Je f f e r son  1975 and Eil e r s  1975). 

Acres of  sa l  t marsh 
J e f f e r son  Eil e r s  

Columbia River 
Necanicua River 
Nehal em Bay 
Ti1 1 aniook Bay 
Netar ts  Bay 
Sand Lake 
Nestucca Bay 
Salmon River 
S i l e t z  Bay 
Yaquina Bay 
A1 sea  Bay 
S ius l  aw River 
Umpqua River 
Coos Bay 
Coqui 11 e River 
Sixes River 
El k Ri ve r  
Rogue River 
P i s to l  River 
Chetco River 

TOTAL 

a The syinbol ( - )  i n d i c a t e s  no value re- 
ported. 

r ap id ly  on t he se  newly f looded a r ea s .  
Federal a c t i on  has a1 so been taken t o  pro- 
t e c t  wet1 and environments and i s  discussed 
i n  Chiipter 5. 

2.2 TYPE OF MARSHES 

Akins and Jef fe rson  (1973) descr ibe  
e i g h t  types of t i d a l  marshes i n  Oregon: 
(1) low sandy marshes, ( 2 )  low s i l t y  
marshes, (3 )  sedge n a r s h e s ,  ( 4 )  immdture 
high marshes, ( 5 )  n a t u r e  high marshes, 
( 6 )  bul rush and sedge marshes, ( 7 )  i n t e r -  
t i d a l  gravel na r shes ,  and (8) diked s a l t  
marshes. These na r sh  types  a r e  t he  r e s u l t  
of t he  s e l e c t i o n  of marsh p l a n t  s p e c i e s  
which a r e  b e s t  adapted t o  a p a r t i c u l a r  



F igure  7. Zone of a c c r e t i o n  a t  t h e  marsh-mudflat i n t e r f ace .  A patch o f  pickleweed i s  
seen i n  t h e  l e f t  foreground and t u f t s  of arrowgrass are invading t he  m u d f l a t  i n  t h e  cen- 
t e r  o f  t h e  photograph. 

combinat ion o f  subst ra te ,  e s t u a r i n e  sal  i n -  
i t y  regime, and e l eva t i on .  The charac- 
t e r i s t i c s  o f  the  e i g h t  marsh types a re  
su~nrnarized i n  Tab1 e 4. 

Low sandy marshes occur  on sandy sub- - 
s t r a t e  w i t h  a  gradual slope, t y p i c a l l y  on 
the  low-energy s ide  o f  bay mouth sand 
s p i t s  or as f r i n g i n g  narshes on i s l ands  
w i t h  coa rse  tex tu red  sediments. They are 
f looded b y  nea r l y  a l l  h i gh  t i d e s  and d r a i n  
d i f f u s e l y  e . ,  the re  a re  no t i d a l  
creeks) o v e r  the  marsh surface. Near the  
t i d a l  f l a t  edge, the  vege ta t ion  i s  scat -  
tered, b u t  beco~nes cont inuous up t he  
slope. 

Low s i l t y  marshes develop on f i n e -  - 
tex tu red  sediments, s i l  t, o r  mud s u b s t r a t e  
i n  low energy par ts  o f  es tua r i es  and a re  
r e l a t i v e l y  f l a t .  These marshes develop i n  
areas o f  r a p i d  sedimentat ion and a re  
f looded b y  nea r l y  a l l  h i g h  t i d e s .  They 
have d i f f u s e  drainage pa t te rns  w i t h  sone 

de f i ned  channels around clumps o f  p l  ants, 
which are d iscon t inuous  a t  t h e  l o w e r  e le-  
va t ions  as i n  t h e  l o w  sandy marshes. 

Sedge marshes a l so  form on s i l t  and 
have a n e a r l y  l e v e l  su r face .  They a r e  
o f t e n  found on i s 1  and o r  del t a  edges w i t h  
e l eva t i ons  somewhat above t h e  f i r s t  two 
marsh types. They a re  f l ooded  by most 
h i g h  t i d e s  and d r a i n  v i a  creeks i n  t h e  
h i ghe r  sedge marshes and d i f f u s e l y  i n  t he  
lower  ones. So i l  sa l  i n i t i e s  a r e  o f t e n  l o w  
dur ing  sp r ing  f reshets .  Vege ta t ion  i s  
cont inuous and l ow  i n  d i v e r s i t y ,  

Immature high marshes a r e  r e l a t i v e l y  
l e v e l  w i t h  some bare depress ions and a r e  
l o c a t e d  on s i l t y  subs t ra tes .  Organic mat- 
t e r  accumulat ion i s  abundant here  as i t  i s  
i n  sedge wetlands. Inmature h i g h  narshes 
occur  above sedge and l o w  sandy marshes, 
u s u a l l y  a t  l e a s t  40 cm above t he  t i d a l  
f l a t ;  o f t e n  t he  t r a n s i t i o n  i s  an abrup t  
r i s e .  rlany o f  t he  h i gh  t i des ,  e s p e c i a l l y  



Table 4. Characteristics of the eight types of marshes described for Oregon by 
Aki  ns and Jefferson (1973). 

Marsh Sub- Re1 ative Vegetative 
t Y  Pe s t rate elevation cover Drainage S1 ope 

Continuous 
except near 
tidefl a t  

Diffuse Low sandy Sand Sl ightly above 
tidefl a t  

Gradual toward 
u pl and 

Low s i l  ty S i l t  or As above 
cl ay 

As above Diffuse 
plus small 
channel s 

As above 

Nearl y 1 evel Sedge S i l t  Slightly above 
low si l ty marsh 
(20-30 an above 
tidefl a t )  

Continuous Deep 
channel s 

Channel s Nearly 1 evel Imma t u  re Peat 40 cm or more 
high over above tidefl a t  

s i l t  

Continuous 

Continuous 
but  with 
pans 

Deep 
channel s 

Nearly 1 evel 
with depression 

Mature Peat Slightly above 
high over imature high 

s i l t  

Nearl y 1 evel Bulrush S i l t  or Similar t o  low 
and sedge sand s i l ty  in brack- 

ish t o  fresh 
tidal water 

Continuous Diffuse 

Intertidal Gravel Variabl e 
gravel and 

sand 

Sparse Diffuse Sl oped perhaps 
steeply 

Nearl y 1 evel Diked Peat As immature or 
over mature high 
s i l t  

Continuous Former 
channel s 
f i l led 

the higher highs, cover the soil surface. 
A we1 1 -defined system of channel s drain 
and flood these marshes, which have few 
open areas in the vegetative canopy. 

rainfal l ,  tidal input, and evaporation. 
These pools may become very saline or even 
dry when evaporation rates are high and 
neap tides do no t  carry water high enough 
t o  reach the depressions. Mature high 
marshes are found a meter or more above 
the tidal f l a t .  

Fldture high marshes are level and 
have developed extensive peaty soils. A 
dendri t i c  network of steep-s ided stream 
channels circulates water t o  the soil sur- 
face on higher high tides. Shallow saline 
pools (pans) produce openings in the 
otherwise continuous sward of vegetation. 
Sal ini t ies fluctuate widely and depend on 

Bul rush and sedge marshes are low 
marshes in brackish  arts of the estuary. 
The substrate i s  s i l t  or sand, and inunda- 
tion occurs with most high tides. Drain- 
age i s  diffuse. Vegetation is  continuous 



and i t s  co~npos i t i on  i s  dependent on t h e  
sal  i n i  ty. 

I n t e r t i d a l  grave1 marshes a re  r a r e  
forms which develop on sand and g rave l  
bars  near  the mouths o f  r e l a t i v e l y  h igh-  
energy es tua r i es  w i t h  l a r g e  volumes o f  
f reshwater .  Vegetat ion i s  d iscont inuous 
and of a type which i nd i ca tes  l ow  s a l i n -  
i t i e s .  The s a l t  from the t i d a l  water i s  
probably  leached by ra inwate r  and fresh- 
water r u n o f f  through the coarse sub- 
s t r a t es .  

Diked s a l t  marshes a re  rnanmade habi-  -- 
t a t s  t h a t  d e v e l o ~  when the  t i d e s  a re  ex- 
cluded from irmnature and mature h i g h  
marshes. Al though non-sa l t  marsh p l a n t s  
may invade, t h e  area r e t a i n s  some wet land 

c h a r a c t e r i s t i c s  due t o  seepdge, h i g h  water 
tab1 es, and perhaps r es i dua l  sal  i n i  t y .  
Vegetat ion i s  cont inuous ove r  t h e  marsh 
sur face and the o l d  d e n d r i t i c  stream chan- 
nel  system has c o l l  apsed. 

I n  the recent  c l a s s i f i c a t i o n  system 
developed by  t h e  U.S. F i s h  and W i l d l i f e  
Serv ice (Cowardin e t  a1 . 1979), t h e  t i d a l  
marshes o f  the  P a c i f i c  Northwest are 
c l a s s i f i e d  as fo l l ows :  SYSTEM-estuarine; 
SUBSYSTEM-intertidal ; CLASS-emergent wet- 
1 and; SUBCLASS-pers i s t e n t ;  WATER REGIME- 
regul a r l y  f looded o r  i r r e g u l  a r l  y f looded; 
MATER CHEMISTRY-mi xohal i n e  (0.5 t o  30.0 
pp t ) ;  and SOIL-mineral o r  organic .  Addi- * 
t i o n a l  m o d i f i e r s  t h a t  p e r t a i n  t o  some 
nor thwest  marshes a r e  d iked  and a r t i f i c i a l  
(dredge ma t e r i  a1 s) . 



CHAPTER 3 

BIOTIC COFIMUNITIES 

This chapter describes the communi- 
t i e s  o f  organisms i n  the  t i d a l  marshes o f  
the P a c i f i c  Northwest. The marsh complex 
inc ludes the  vegetated, re1 a t i v e l y  f l a t  
po r t i ons  which d ra in  dur ing low t ide,  the 
shal low pans which may hold water f o r  
months, and the creeks which c i r c u l a t e  
water throughout some types o f  marsh. 
These creeks may be dry during low t i d e  o r  
r e t a i n  water throughout the  t i d a l  cyc le.  
There are a number o f  rnacrophytic p lan t  
communities, and the species r ichness 
w i t h i n  the marshes o f  a s ing le  estuary i s  
o f t e n  high. Jef ferson (1975) has i d e n t i -  
f i ed  approximately 70 species i n  the s a l t  
marshes o f  the  region. The 1 i t e r a t u r e  on 
p lan t  species composition and community 
s t r u c t u r e  i s  re1 a t i  ve ly abundant. The 
marsh microb ia l  communities on the decay- 
ing  p l a n t  mater ia l  and i n  the  s o i l  have 
not  been studied i n  any d e t a i l .  Faunal 
components o f  the systan have received 
more a t t e n t i o n  because o f  t h e i r  economic 
importance. Extensive species 1 i s t s  o f  
inver tebrates,  f ishes, b i rds ,  and mammal s 
have been compi 1 ed. 

Several aspects o f  seed-beari ng vege- 
t a t i o n  are important.  The f i r s t ,  zonation 
and species d i s t r i b u t i o n ,  i s  o f  obvious 
i n t e r e s t  r e l a t i v e  t o  marsh types and 
ro les.  The second aspect i s  the upland 
boundary, which, besides i t s  s c i e n t i f i c  
i n t e r e s t ,  i s  assured p a r t i c u l a r  importance 
because o f  i t s  r o l e  i n  de f i n ing  the 1 i m i t s  
of regu la t i on  r e l a t i v e  t o  Section 404 o f  
the  Clean Water Act (Pub l ic  Law 92-500). 
Because o f  i t s  importance i n  wet1 and 
management, we w i l l  de fer  the d iscussion 
o f  boundaries u n t i l  Chapter 5. Topics not  
deal ing w i t h  the s t ruc tu re  o f  the p l a n t  
community, such as p roduc t i v i t y ,  are sum- 
marized i n  Chapter 4, which discusses eco- 
1 og ica l  processes. 

The l i t e r a t u r e  on the  second group, 
the auto t roph ic  and hetero t roph ic  
microbes, i s  sparse. I n  t h i s  sec t ion  i t  
has been necessary t o  draw on the 1 i t e r a -  
t u r e  from o ther  regions o f  the  country t o  
provide in fo rmat ion  on the  probable micro- 
b i a l  a c t i v i t i e s  i n  the P a c i f i c  Northwest. 
Although data from o the r  areas are no t  as 
good as f i r s t h a n d  studies, they do provide 
a basis f o r  f u t u r e  research and some 
i n s i g h t  i n t o  the probable r o l e  these orga- 
nisms p lay  i n  t h e  marshes o f  Oregon and 
Washing ton. 

A1 though the faunal communities are 
the best  described communities i n  the  
P a c i f i c  Northwest marshes, the foodweb 
re la t i onsh ips  between populat ions i s  no t  
very wel l  known. There i s ,  however, a 
ra the r  extensive Canadian 1 i t e r a t u r e  from 
which t o  draw in format ion  about the  
f ishes.  

3.1 VEGETATION - ZONATIOFI AND SPECIES 
DISTRIBUTION 

Zonation i n  marshes o f  the P a c i f i c  
Northwest, as i n  marshes elsewhere, i s  
1 arge ly  a r e s u l t  o f  the  pa t te rn  o f  t i d a l  
inundation. The r o l e  o f  inundat ion i s  
compl ex and may invo l  ve a mu1 t i t u d e  of 
f ac to rs  inc lud ing  s o i l  sal i n i  t y ,  moisture, 
aerat ion, and n u t r i e n t  s tatus.  Burg e t  
a l .  (1976), D i s r a e l i  and Fonda (1978) and 
Ewing (1983), among others, have i d e n t i -  
f i e d  sal i n i  ty ,  e levat ion ,  and inundat ion  
as important f ac to rs  i n  c o n t r o l l i n g  com- 
munity composition. One o f  the  most 
widely studied e f f e c t s  o f  inundat ion i s  
devel opment o f  t he  sa l  i n i  t y  regime t o  
which the p lan ts  are exposed. The sal i n -  
i t y  g rad ien t  i n  t he  es tuar ine  marshes has 
v e r t i c a l  , 1 a te ra l  , and 1 i nea r  components. 



The v e r t i c a l  g rad i en t  extends from t h e  
s o i l  su r f ace  downward and may be impo r t an t  
i n  de te rmin ing  which p a r t  o f  t he  r o o t  sys- 
tem i s  f u n c t i o n a l  i n  water uptake. I n  t h e  
l a t e r a l  g r a d i e n t  from the  mudf la t  edge t o  
t he  up1 and boundary, t h e  h igher  sa l  i n i t i e s  
gene ra l l y  o c c u r  i n  t h e  lower  marsh w i t h  
t he  up land edge being near l y  fresh. Hori-  
zonta l  1  y, s a l  i n i  t y  decreases from t h e  
r i v e r  mouth t o  the  1 i m i t  o f  t i d a l  i n f l u -  
ence. 

Other e f f e c t s  of t i d a l  waters which 
i n f l  uence vege ta t iona l  zonat ion i n c l u d e  
ae ra t i on  o f  t h e  r o o t  zone and n u t r i e n t  
supply. S o i l  t ype  i s  a lso impor tant ,  and 
i n  coarse sandy s o i l s  s a l t  i s  removed from 
t h e  su r f ace  by the  r ap i d  p e r c o l a t i o n  o f  
ra inwater .  C lay s o i l s  have l ow  perco la-  
t i o n  ra tes ,  and permeab i l i t y  i s  decreased 
f u r t h e r  when t h e  c a t i o n  exchange capac i t y  
o f  t he  c l  ays becomes sa tu ra ted  w i t h  sodium 
ions. Under these condi t ions,  s o i l  peds 
break down and t h e  s o i l  s t r u c t u r e  de te r i o -  
r a t es  i n  a  massive form, making t h e  move- 
ment o f  a i r  and water through t h e  sub- 
s t r a t e  d i f f i c u l t  (Gal lagher 1977). 

The e i g h t  marsh types out1 ined  by  
Akins and J e f f e r s o n  (1973) and t h e  t y p i c a l  
p l a n t  assenbl ages associated w i t h  them a r e  
l i s t e d  i n  T a b l e  5. Table 6 1  i s t s  p l a n t  
species coninon t o  P a c i f i c  b r t h w e s t  t i d a l  
marshes. In t h e  low sandy marshes o f  Ore- 
gon, t h e  a reas  c loses t  t o  t h e  t i d e f l a t s  
a r e  dominated by three-square, p i c k l  eweed 
(F igure  8 ) ,  sa l  tgrass, and a1 ka l  i g rass  
(common on  t h e  nor thern p a r t  o f  t he  
P a c i f i c  Nor thwest  coast) ,  along w i t h  some 
blue-green a l g a e  and C1 adophora (a  green 
a lga) .  Sa l tg rass ,  seaside p l a n t a i n  
(F igure  9), sandspurry, Lyngbye's sedge, 
and m i l  k w o r t  a r e  comrnon a t  h igher  eleva- 
t i o n s  i n  t h e  l o w  sandy marsh ( J e f f e r s o n  
1975). The p a r a s i t i c  p l a n t  dodder i s  
o f t e n  found growing over sal  t g r a s s  and 
p i c k l  eweed p l  ants .  

C i  r c u l  a r  patches o f  arrow-grass 
(F igure 10) and clumps o f  pickleweed a re  
common i n  t h e  l o w  s i l t y  marshes, as a re  
sca t te red  s p i  ke-rush p l an t s  and sandspurry. 
Possibl  e  secondary invaders t o  these areas 
a re  t u f t e d  ha i r g rass  and Lyngbye's sedge 
( Je f f e r son  1975). 

Table 5. E i g h t  Oregon marsh community 
types and t h e i r  t y p i c a l  p l a n t  spec ies com- 
p o s i t i o n  (Ak i  ns and J e f f e r s o n  1973). 

Marsh 
t Y  Pe 

D 

Pl a n t  spec ies 

Low sandy Pick1 eweed, three-square, 
sal  t g rass  , Jaumea, seaside 
p l an ta i n ,  sandspurry,  
Lyngbye's sedge, m i l  kwo r t  

Low s i l t y  Arrow-grass, s p i  ke-rush, 
sand spu r r y  

Sedge Lyngbye' s  sedge 

Immature Tu f ted  ha i rg rass ,  sa l  t- 
h i g h  grass ,arrow-grass, p ick1 e- 

weed, Lyngbye's sedge 

tla t u  r e  Tu f ted  ha i  rg rass ,  Bal t i c  
h i g h  rush, creeping bentgrass,  

gum p l a n t ,  P a c i f i c  s i l v e r -  
weed, orache 

Bul rush  Bul rush, Lyngbye's sedge 
and sedge 

I n t e r t i d a l  Spike-rush 
g rave l  

Di  ked Tu f ted  ha i  rgrass,  sal  t 
rush, c reep ing  bentgrass,  
gum p l a n t ,  P a c i f i c  
s  il verweed , orache 

The sedge marshes c o n s i s t  a lmost  
so l  e l y  o f  monospecif i c  stands o f  Lyngbye's 
sedge. Extens ive sedge marshes a re  
1 ocated on t h e  S i l  e t z  R i ve r  del  t a  and t h e  
b r a c k i s h  p o r t i o n s  o f  e s t u a r i e s  where t h e  
i n t e r t i d a l  zone i s  s i l t y .  The t a l l  creek- 
bank p l a n t s  a re  seen i n  F i gu re  11. I n  
many respec ts  Lyngbye's sedge appears t o  
be a P a c i f i c  Northwest analogue o f  t he  
e a s t  coas t  smooth cordgrass, Spa r t i na  
a1 t e r n i f l  ora. Lyngbye's sedge grows i n  



Tab1 e 6. Common p l a n t  species found i n  P a c i f i c  Northwest t i d a l  narshes. L=low marsh; H=upper marsh. 

P o s i t i o n  i n  
Common name S c i e n t i f i c  name Fami ly  t h e  marsh Notes 

A1 ka l  i grass Pucci  ne1 1 i a Grani nae Most abundant i n  muddy areas, a1 so 
on A t l a n t i c  coas t  

T r i q l o c h i n  nar i t imum Juncag i naceae Of ten a p ioneer  p l a n t  a t  mud f l a t -  
marsh i n t e r f a c e  

Juncus ba l  t i c u s  

Sci  rpus va l  i dus  

Ag ros t i s  alba 

Cuscuta sa l  i n a  

Also on A t l a n t i c  coas t  B a l t i c  rush 

Bu1 rush 

Creeping bentgrass 

Dodder 

Juncaceae 

Cyperaceac 

Graninae 

Cuscu taceae 

Found on muddy shores 

Forms meadow-1 i ke swards 

P a r a s i t i c  on many p l a n t s  o f  t he  
1 ower marsh 

Eel grass 20s t e r a  mar ina Zosteraceae A seagrass o f t e n  seen as wrack 
which has been washed up i n t o  t he  
marsh 

A composite d i s t r i b u t e d  from 
A1 aska t o  no r t he rn  Cal i f o r n i a ,  
f o rme r l y  5. s t r i c t a  

Gum p l a n t  Gr indel  i a  i n t e q r i f o l  i a  Compos i t a e  

A succulent composite found i n  the 
low marsh 

Jaumea carnosa - Composi t a e  Jaumea 

Found i n  upper fringes of marsh 
and on sand dunes 

E l  ymus m o l l  i s Graminae 

(con t inued)  

Limegrass 



Tab1 e 6 .  Continued. 

Position i n  
Comnon name S c i e n t i f i c  name Family the marsh Notes 

Marsh cl over Trifol ium wormskjol di i 

Meadow ba rl ey -- Hordeun brachyantherum 

M i  1 kwo r t  GI aux mari tirna 

Orache Atriplex patula  

Orthocarpus Orthocarpus - 
c a s t i l l  ejoides 

Pacific s i l  verweed Potent i l l  a paci f ica 

Sal t y  rass Distich1 i s  spicata  

Sa1 t rush Juncus 1 esueuri i 

Pick1 eweed Sal icornia vi rqinica  

Sandspurry Spergul a r i a  canadensis 

Sandspurry Spergul a r i  a macrotheca 

Legumi nosae H 

Grani nae H 

Primul aceae L 

Chenopodiaceae H 

Scrophul ariaceae L 

Rosaceae 14 

Grani nae L 

Juncaceae H 

Chenopodi aceae L 

Caryophyll aceae L 

Caryophyllaceae L & H 

(continued) 

A 1 egurne of the high marsh and 
dunes 

Common i n  nature  high 
marshes 

Widespread in many marshes of 
Arctic and temperate North America 

.41 so on At1 an t i c  Coast 

Paintbrush owl -cl over, usually 
doesn' t  form  non no spec if i c  stands 

Found in high marsh and moist sand 
dunes 

In marshes and on beaches, a1 so on 
At1 ant ic  Coast 

Found in high marsh and sand dunes 

A succulent found in marshes and 
on beaches, a1 so on Atlantic Coast 

Common from A1 aska to northern 
Cal i forni a 

Common from Brit ish,  Columbia to  
Baja Cal i fornia  



Tab1 e 6. Concluded. 

Common name S c i e n t i f i c  name 
P o s i t i o n  i n  

Family the marsh Notes 

Sandspurry Sperqular ia marina Caryophyll aceae L Less coninon than the two previous 
species 

Seaside p lan ta in  PI antago niari  t ima PI antag i naceae L Produces a l a r g e  f l eshy  roo t  which 
i s  the perenniat ing organ 

Lyngbye's sedge - Carex lyngbyei Cyperaceae Occupies p o s i t i o n  s i m i l a r  t o  
smooth cordqrass o f  At1 a n t i c  and 
Gul  f coasts' 

Sl oug h sedge Carex obnupta Cy peraceae - Found i n  near ly  freshwater f r i nges  
o f  sal i n e  marshes 

Spi ke-rush El eochari s garvu l  a Cyperaceae Widely d i s t r i b u t e d  along the  
e n t i r e  At1 a n t i c  coast as we l l  

Spi ke-rush E l  eocharis p a l u s t r i  s Cy peraceae L Widespread i n  temperate and cold- 
temperate regions o f  the  nor thern 
h m i  sphere 

Three- sq ua r e  Sci rpus arnericanus Cyperaceae kridely d i s t r i b u t e d  i n  U.S. and 
southern Canada 

Tufted hai rgrass Deschampsia cespi tosa Graninae H World-wide distribution 

Western dock - Rumex occidental  i s  Pol ygonaceae H A1 so occurs i n  Rocky Mountains 



F igu re  8. Pick1 eweed as a pioneer on the F igure  9. Seaside p l a n t a i n  growing i n  a 
t i d a l  f l a t  i n  a low sandy marsh. The low sandy marsh. These perenn ia ls  produce 
1 i g h t e r  co lored ha lo  around the vegetat ion l a r g e  fl eshy tap  r o o t s  which s t o r e  re -  
i s  sand trapped b y  t h e  p l a n t  stems. Sub- serves du r i ng  t h e  w i n t e r  season. 
s t r a t e  l e v e l s  w i t h i n  t he  vegetat ion are 
o f t e n  2-3 inches above t he  surrounding 
substrate, 

l a r y e  i i ionospecif ic stands, occupies a h ighes t  i n  t h i s  marsh type, t o  t h e  p o i n t  
re1 a t i v e l  y low p o s i t i o n  i n  t he  i n t e r t i d a l  where dune grasses begin, i n c l udes  t u f t e d  
rone, produces 1 arge a ~ o u n t s  of d e t r i t u s ,  ha i  rgrass, P a c i f i c  s i l  verweed (F igure  12), 
and IS nlore p roduc t i ve  along the stream- marsh c l ove r ,  and B a l t i c  r ush  ( J e f f e r s o n  
banks than i n  t he  back marsh. 1975). 

Bulrush and Lyngbye's sedge are char- 
a c t e r i s t i c  p l an t s  o f  the bul rush-sedge 
rnarsh type. Bul rush becorries predominant 
upstream where t h e  wate r  i s  fresher, A t  
the mouth o f  the  South Fork of the  Siuslaw 
R iver  there are 120 hectares (296 acres) 
of  t h i s  t ype  ( Je f f e r son  1975). Extensive 
areas of t h i s  marsh type  a1 so border the 
Columbia R ive r  Estuary. 

Tuf ted ha i rg rass  and sal tgrass are 
most common t o  t h e  immature h i gh  marsh. 
Arrow-grass, Ba1 t i c  rush, seaside p lan ta in ,  
pickleweed, and Lyngbye's sedge a re  l e s s  
prevalent.  Three-square, m i l  kwort, a1 ka l  i- 
grass ( i n  the no r t he rn  p a r t  o f  the 
reg ion) ,  sandspurry, and Orthocarpus nay 
a1 so be present. The corn~nuni t y  growing 

I n t e r t i d a l  g rave l  marshes are 1 ess 
f l o r i s t i c a l l y  d i v e r s e  and a r e  o f t e n  domi- 
nated by sp i  ke-rushes o f  severa l  species. 
Tuf ted ha i rg rass ,  B a l t i c  rush, and creep- 
i ng  bentgrass cha rac te r i ze  t h e  mature h i g h  
marshes. P a c i f i c  s i l  verweed (F i gu re  12),  
gum p l an t ,  and orache a re  a1 so common. 
Many o f  Oregon's mature h i g h  marshes have 
been d i ked  and thus f a l l  i n  t he  category 
d i ked  sa l  t marsh. Wi l l apa  Bay, Washing- 
ton, i nc ludes  some marshes o f  t h i s  t ype  
t h a t  have no t  been diked. 

A t y p i c a l  zona t ion  sequence f o r  a 
h i g h - s a l i n i t y  marsh, where t h e  t i d a l  wa te r  
s a l i n i t y  i s  above 25 pp t ,  i s  shown i n  
F igure  13. Sequences w i l l  vary  depending 
on subs t ra te ,  sa1 i n i  t y ,  and chance. Local 



Figure 10. Circular clumps of arrow-grass f igure  11. l.yrlqbye1s sedge marsh in a 
in a low s i l t y  marsh. These ta l l  plants brdckisi.1 estuary. Streamside plants may 
trap 1 i t t e r  of eelgrass detached from beds be nearly twice dc, product ive  as those in 
on inter t idal  f l a t s .  the back rlarsh away Fror~ t h e  creeks. 

intrusion of fresh groundwater may, of 
course, drdrllatical ly a1 t e r  th is  pd t tern.  
For example, a freshwater table may 
develop under the vegetation i n  the dune 
compl ex of a bay-mouth bar estuary. This 
water table may surface a t  sorne point i n  
the marsh which fomied on the bay side of 
the bar. The resu l t  i s  a zone of low 
in t e r s t i t i a l  soil sa l in i ty  in an unusual 
se t t ing.  Plants in t h i s  zone may be par- 
t icular ly  vigorous as a consequence of the 
reduced s a l i n i t y  s t r e s s ,  or the species 
present may be shifted as a consequence of 
the charlyed environment. The authors 
measured a si tuation where the in te r s t i -  
t ia l  soil s a l i n i t y  was 28 p p t  seaward of 
the zone, 8 p p t  in the zone of freshwater 
intrusion,  and 18 p p t  in the soil toward 
the up1 and. 

A typical profile in a brackish area 
i s  depicted in Figure 14. A number of 
sa l in i ty  regimes could produce the sett ing 
for such a sequence. Intrusion of upland 
freshwater could produce the proper inter- 
s t i t i a l  soil sal i n i t j e s ,  or similar condi- 
tions could a r i se  from exposure to tidal 
water o f  brackish sa l in i ty .  The low ele- 
vation i s  occupied by Lyngbye's sedge and 
the upper levels  by a mature high marsh 
association. There appear to be two fonns 
of Lyngbye's sedge: one found along the 

~reekbarlks arid the o the r  f u r t h e r  back from 
the cfraindlje channels. On the  creekbank 
the plants s t d r t  rlrowth ea r l  i e r  in the 
spring, arc  t a l l e r ,  a n d  have a higher net  
prir:~ary productivity t h d n  t h e  back marsh 
plants. Thir appears t o  be associated a t  
l e a s t  in part with the  s t o r a g e  and remobi- 
1 ization of cdrbohydrates in  the rhizomes 
(Gal ldgher a n d  Kibby 1981).  Mhether the 
fonns of sedcjes are ecophenes result ing 
from the action of cnvi ronment on geneti- 
cdlly siriiilar plants o r  ecotypes whose 
growth and behavior a r e  t h e  resu l t  of 
yenetic differences has no t  been investi-  
ga tcd. 

f4ost of the evidence regarding a 
similar s i tuat ion f o r  srnooth cordgrass 
(Spartina a1 t e rn i f l o r a )  i n d i c a t e s  that  the 
differences are envi ronmental l y  controll ed 
and that  the plants a r e  s im i l a r  geneti- 
cal l y  (Ss:~art 1982). There i s ,  however, 
sorne evidence for  c e r t a i n  genetic di f -  
ferences between srnaoth cordgrass plants 
grown i n  a coininon ga rden .  Prel iminary 
rneasurerlents by Gal 1 agher ,  Grant, and 
Soners indicate t h a t  t h e  morphol ogical and 
productivity d i f fe rences  f o r  the two 
growth foms are maintained fo r  a t  l e a s t  5 
years. 

I n  some cases the vegetat ion zones i n  



F igu re  12. Pac i f i c  s i lverweed from a  
mature h i g h  marsh. These p l a n t s  a r e  
s t r u c t u r a l l y  weak and decornpose r a p i d l y  i n  
t h e  f a l l  a f t e r  they d ie .  

t h e  P a c i f i c  Northwest marshes are c l e a r  
and may comprise n e a r l y  monospecif i c  
stands ( t o p  o f  F igure  15).  I n  o t h e r  
marshes t h e  zones a re  d i f f u s e  and c o n t a i n  
a  mosaic o f  many species (bottom o f  F i gu re  
15).  A1 t hough  these zonat ion p a t t e r n s  
w i t h i n  t h e  marsh are p r i m a r i l y  o f  eco log i -  
ca l  i n t e r e s t ,  the boundary between t h e  
marsh and the upland i s  a lso  o f  l e g a l  
importance. Th i s  t o p i c  w i l l  be f u r t h e r  
d iscussed i n  Chapter 5. 

3.2 MICROBES 

At  g a l  communities assoc ia ted w i  t h  
P a c i f i c  k r t h w e s t  t i d a l  marshes c o n s i s t  of  
f i l amentous  a l gae  as we l l  as diatoms and 
a re  abundant a t  times du r i ng  t h e  year. I n  
t h e  more s i l t y  subst ra tes diatoms appear 
t o  be t h e  mos t  common forms on t h e  creek- 
banks, and t h e y  a1 so cover  t he  co l  1  apsed 
dead p l  a n t  m a t e r i a l  . Macroscopic forms 
a r e  most conspicuous i n  the  sha l l  ow creeks 
and i n  t h e  t i d a l  pools  o r  pans. Thorn 
(1981) r e p o r t e d  a  macroscopic brown a l  ga, 
Fucus d i s t i c h 1  i s  spp. edentatus, and a  

green form, Enteromopha i n tes tena l  i s ,  from 
a  s i t e  i n  t h e  Grays Harbor Estuary, Wash- 
ing ton .  His sampl i n g  program was aimed a t  
t h e  e n t i r e  es tuary  and i n  most cases t he  
exact  h a b i t a t  sampled ( rock,  nud, creek, 
ep iphy te ,  l o g ,  marsh, s o i l  ) a long a  t ran -  
sec t  was no t  repor ted.  Pub1 i shed  informa- 
t i o n  on t i d a l  marsh a l g a l  d i s t r i b u t i o n  and 
d i v e r s i t y  i s  l a ck i ng .  Ckir casual observa- 
t i o n s  i n d i c a t e  t h a t  t he re  w i l l  prove t o  be 
a  r i c h  f l o r a  ( p a r t i c u l a r l y  t h e  diatoms) 
and t h a t  many w i l l  show a  general  assoc ia-  
t i o n  w i t h  p a r t i c u l a r  marsh types. Popul a- 
t i o n s  o f  pho tosyn the t i c  b a c t e r i a  a re  
obv ious i n  some o f  t h e  t i d a l  pool s, b u t  we 
have n o t  been ab le  t o  f i n d  any records  o f  
t h e i r  study i n  t he  reg ion.  We were unable 
t o  f i n d  s t ud i es  o f  t h e  popu la t i ons  o f  
decomposer microbes o r  ae rob i c  o r  anaero- 
b i c  s o i l  bac te r i a ,  

I n  A t l a n t i c  coas ta l  marshes, ATP has 
o f t en   bee^ used as a  measure o f  m i c r o b i a l  
biomass ( C h r i s t i a n  e t  a l .  1981), and i t s  
concen t ra t i on  i n  marsh s o i l  and t i d a l  
creek water has been used t o  es t ima te  t he  
d i s t r i b u t i o n  o f  microorganisnls w i t h  
r espec t  t o  depth and t ime.  C h r i s t i a n  
(1976 as c i t e d  i n  C h r i s t i a n  e t  a l .  1981) 
found ATP concen t ra t i ons  t o  decrease w i t h  
depth i n  a l l  marsh s o i l s  tes ted .  ATP con- 
c e n t r a t i o n s  were g r e a t e s t  i n  b o t h  t he  s o i l  
and water  du r i ng  t h e  warmest months o f  t h e  
year .  C h r i s t i a n  e t  a l .  (1981) concluded 
t h a t  79% o f  the  s tand ing  s t ock  o f  t h e  
m i c r o b i a l  community i n  t h e  marsh i s  asso- 
c i a t e d  w i t h  t h e  s o i l .  

Microbes are found i n  t h e  wa te r  as 
w e l l  as  i n  t h e  s o i l  o r  on p l a n t  m a t e r i a l .  
I n  t h e  water most m i c r o b i a l  p l ank ton  a re  
f r ee  f l o a t i n g .  Some o f  t h e  organisms, 
p r i m a r i l y  bac te r i a ,  a re  a t tached  t o  d e t r i -  
t u s  p a r t i c l e s ;  i t  i s  these  t h a t  a re  most 
a c t i v e  i n  consuming DOC ( d i s s o l v e d  o rgan i c  
carbon) produced by  smooth cordgrass and 
phy top l  ankton. He te ro t r oph i c  a c t i v i t y  
v a r i e s  w i t h  t h e  t i d e  because t h e  resuspen- 
s i o n  o f  d e t r i t u s  i s  g r e a t e s t  on an ebbing 
t i d e  and l owes t  a t  s l ack  t i d e  ( C h r i s t i a n  
e t  a l .  1981). The m i c r o b i a l  popu la t i ons  
i n  s a l t  marsh s o i l s  were n o t  found t o  be 
n u t r i e n t  l i m i t e d  b u t  were i n h i b i t e d  by 
inc reased  s a l i n i t y  and decreased s o i l  
m o i s t u r e  a t  t h e  t imes when t h e  marsh was 
n o t  f l ooded  ( C h r i s t i a n  e t  a l .  1981). 



F igure  13. Typ ica l  zonat ion o f  marsh p l an t s  i n  a sa l i ne  P a c i f i c  Northwest t i d a l  marsh. 
The t idepoo l  s  o r  pans may con ta i n  a  d i v e r s i t y  o f  algae. The 1  a te ra l  ex ten t  o f  t he  zones 
depends on t h e  s lope and may range from a  few yards t o  hundreds of yards. 
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HIGH VIGOR LYNGBYE'S SEDGE 
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Figure  14. p o s s i b l e  p a t t e r n  i n  a  b rack ish  P a c i f i c  b r t h w e s t  t i d a l  marsh. 
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F igure  15. Exanples of the range of v a r i a t i o n s  i n  vege ta t iona l  zona t ion  i n  P a c i f i c  
Northwest t i d a l  rnarshes. The upper photograph shows d i s t i n c t ,  n e a r l y  monospecif i c  
stands of three-square, t u f t e d  ha i rgrass,  and s lough sedge, go ing from l owe r  l e f t  t o  
uppe r  r i g h t .  The lower photograph shows d i f fuse  zones o f  h i g h  p l a n t  d i v e r s i t y  i n  a 
low sandy marsh. The dark t a l i  c l  urnps of p1 ants a r e  arrow-grass and the  s h o r t e r  zones 
dre nixed areas of pick1 eweed, guln weed, seaside pl a n t a i  n, sa1 tgrass,  and Orthocarpus. 



Up t o  t h i s  p o i n t  t h e  d iscuss ion  of 
rnicroorganisms has deal t w i t h  an aerob ic  
envirorment;  t h e  s o i l  s of the sal  t marsh, 
however, a r e  predominant ly  anaerobic. 
~ e r m e n t a t i o n ,  sul f a t e  reduc t ion ,  d i s s im i -  
1 a t o r y  n i t rogenous ox ide  reduct ion,  and 
methanogenesi s a re  the  major  processes 
occu r r i ng  i n  anaerobic t i d a l  marsh s o i l s  
(Wiebe e t  a l .  1981). Fermentat ion i s  
c a r r i e d  o u t  by f a c u l t a t i v e  o r  o b l i g a t e  
anaerobes. Facul t a t i v e  anaerobes can 
f u n c t i o n  e i t h e r  i n  t he  presence o r  absence 
o f  oxygen, b u t  obl  i g a t e  anaerobes can grow 
o n l y  i n  an anaerobic  environment. I n  the  
breakdown of o rgan ic  ma t t e r  dur ing  fermen- 
t a t i o n ,  an o rgan i c  compound, r a t h e r  than 
oxygen, ac t s  as t he  terminal  e l e c t r o n  
acceptor.  A1 coho1 s and ac i ds  a r e  inc luded 
among t he  p o s s i b l e  end products  o f  t h i s  
process. These end products  may then 
serve as subs t ra tes  f o r  o t he r  anaerobes 
nearby (Wiebe e t  a1 . 1981). 

S u l f a t e  ac t s  as the te rm ina l  e l ec t r on  
acceptor  du r i ng  sul  f a t e  r educ t i on  i n  
anaerobic s o i l s .  The b a c t e r i a  t h a t  c a r r y  
o u t  t h i s  r e a c t i o n  r e l ease  s u l f i d e s  i n t o  
t h e  s o i l .  h e  can o f t e n  smell the  sul-  
f i d e s  i n  marsh s o i l s  con ta i n i ng  a l a r g e  
q u a n t i t y  o f  o rgan ic  mat ter .  Sul f a t e  
reducers belonq t o  o n l y  t h ree  senera: 
Desul f o v i b r i o ,  b e s u l  furomonas, a n d - ~ e s u l -  
fomaculun (Wiebe e t  a1 . 1981). Ewing 
- r w o r k i n q  i n  t h e  Skaq i t  Estuary 
marsh i n  Puget -sound, found reduc ing con: 
d i t i o n s  i n  t he  s o i l s  a t  most s t a t i ons .  
Areas near pan and creek bottoms had t he  
lowes t  redox po ten t i a l s .  I n  New England, 
marshes resemble those i n  t h e  P a c i f i c  
Northwest i n  temperature regime and o f t e n  
i n  peat development. S u l f a t e  r educ t i on  i n  
t h e  no r t he rn  A t l a n t i c  marshes i s  g r e a t e r  
than i n  those f u r t h e r  south, Howarth and 
G ib l  i n  (1983) found ra tes  i n  Georgia t o  be 
s i g n i f i c a n t l y  l owe r  than those i n  Massa- 
chuse t ts .  Sul f a t e  r educ t i on  appears t o  be 
t h e  ma jo r  f o m  o f  r e s p i r a t i o n  i n  the  s o i l s  
i n  b o t h  s ta tes .  We know o f  no s i m i l a r  
eval ua t i ons  made i n  the  P a c i f i c  Northwest. 

N i t r a t e  i s  t he  te rm ina l  e l e c t r o n  
acceptor  i n  d e n i t r i f i c a t i o n  and N, o r  N,O 
i s  t h e  end product ;  t h e  r e s u l t  i s  a l o s s  
of f i x e d  n i t r o g e n  from t h e  s o i l .  Anaero- 
b i c  cond i t i ons  are a lso  requ i red  f o r  t h i s  
process. D i s s i m i l  a t o r y  r educ t i on  o f  

n i t rogenous ox ides t o  ammonia may be an 
impor tant  process i n  s o i l s  where d e n i t r i -  
f i c a t i o n  takes p lace  (Wiebe e t  a l .  1981). 

Methane i s  another  product  produced 
i n  anaerobic marsh s o i l s .  I n  the process 
o f  methanogenesis, carbon d i o x i d e  o r  a 
methyl group serves as t he  e l e c t r o n  
acceptor. Competi t ion between popu la t ions  
o f  methanogenic and s u l f a t e  reduc ing bac- 
t e r i a  f o r  subst ra tes r egu la tes  methano- 
genesis. Nitrogenous ox ides a lso  p l ay  a 
r egu la to r y  ro le ,  thereby i n h i b i t i n g  metha- 
nogenesis. By l i m i t i n g  t he  subs t ra tes  
used by su l  f a t e  reducers, deni  trif i c a t i o n  
has been shown t o  increase methanogenesi s 
(Wiebe e t  a1 . 1981). Another impor tan t  
f a c t o r  discussed by Wiebe e t  a1 . (1981) i s  
water f l o w  -- t he  t e r m i n a t i o n  of water  
f low reduces sul  f a t e  concen t ra t i on  and 
increases methane product ion.  Thus t h e  
four  anaerobic processes and the  associ-  
a ted b a c t e r i a l  popu la t ions  occu r r i ng  i n  
s a l t  marsh s o i l s  a r e  coupled t o  one 
another. 

3.3 FAUNAL COMPONENTS 

Among the  numerous faunal  surveys o f  
va r ious  types which have been c a r r i e d  o u t  
f o r  t he  P a c i f i c  Northwest t i d a l  marshes 
a re  those by H ig ley  and Ho l t on  1981, Hoff- 
nag le  e t  a l .  1976, S tou t  1976, and Roye 
1979. We have d i v i d e d  t he  fauna i n t o  t h e  
f o l  l ow ing  groups f o r  d iscuss ion :  i n ve r t e -  
brates,  f i shes ,  b i rds ,  and mammal s. Much 
research i s  s t i l l  needed w i t h  these 
groups, e s p e c i a l l y  i n  q u a n t i f y i n g  popul a- 
t i o n  s i zes  and cyc les.  

3.3.1 I nve r t eb ra tes  

I n f o rma t i on  on t h e  i n v e r t e b r a t e  fauna 
o f  t h e  P a c i f i c  Northwest marshes i s  f r ag -  
mentary. The most comprehensive s tud ies  
a r e  those o f  Hof fnagl  e e t  a1 . (1976), who 
s tud ied  the  Coos Bay marshes, and H i g l e y  
and Hol t o n  (1981), who i n v e s t i g a t e d  t h e  
marshes o f  S i l e t z  and Ne ta r t s  Rays, Ore- 
gon. The l a t t e r  authors  determined t h e  
t r o p h i c  s t r u c t u r e  o f  i n v e r t e b r a t e  marsh 
communities by sampling s o i l  in fauna o f  
l ow and h i g h  marshes; i n v e r t e b r a t e  fauna 
o f  l ow  (up t o  15 cm above ground l e v e l )  
and h i gh  vege ta t ion  (sampled by t e r r e s -  



t r i a l  sweep ne t s )  o f  t h e  low and h i gh  
marshes; fauna o f  t h e  marsh deb r i s  1 i n e  
(F igure  16); fauna of t he  submerged marsh; 
and fauna of marsh pans, t i d a l  creeks, and 
t i d a l  f1 a ts .  They found t h a t  01 igochaetes 
and d i p t e ran  l a r v a e  dominate t h e  fauna o f  
t h e  marsh s o i l s .  Th is  con t ras ts  w i t h  
marsh s o i l s  o f  t h e  A t l a n t i c  coast  where 
polychaetes were much more abundant than 
o l igochae tes  (Cammen 1976, as c i t e d  i n  
H ig ley  and Hol t o n  1981). The dominant 
amphipod i n  t h e  P a c i f i c  Northwest was 
Corophium salmonis, common where l o w - s i l  t 
marsh merged w i t h  t i d a l  f l a t  hab i t a t .  

F igure 16. D r i f t  l i n e  i n  an Oregon l ow  
sandy marsh. Wrack cons i s t s  p r i m a r i l y  o f  
eelgrass. These depos i t s  are g rea tes t  
a f t e r  s t o rns  l a t e  i n  t h e  growing season 
when ee lg rass  i n  t h e  adjacent beds i s  
senescing and burdened w i t h  ep iphytes.  

M i t es  and t i c k s  (Order  Acar ina )  were 
abundant i n  t h e  vege ta t i on  c l o s e s t  t o  t h e  
ground (0  t o  15 cm) i n  a l l  marsh types. 
Co l l  embol an, Homopteran, and Col eopteran 
i n s e c t s  a l so  i n h a b i t a t e d  these areas. 
Higher  i n  t h e  canopy (above 1 5  cm above 
ground l e v e l  ) o f  a l l  marsh types Acarina, 
Araneae, Homoptera, Di  p te ra ,  and Hymenop- 
t e r a  were common. Acarina, Araneae, Col- 
1 embol a, and Arnphi poda i nhabi t e d  t h e  
d e b r i s  l i n e .  Overa l l ,  taxonomic d i v e r s i t y  
was g r e a t e s t  i n  t h e  h i g h  marsh, decreasing 
t o  t h e  low marsh and then  t o  t he  deb r i s  
1 ine.  Table 7 1 i s t s  t h e  i n v e r t e b r a t e  
i n h a b i t a n t s  and t he  s tage o f  t he  1 i f e  
c y c l e  found i n  Oregon t i d a l  marshes. 
Table 8 g i ves  approximate d e n s i t i e s  f o r  
these animal s f o r  severa l  habi  t a t s .  

Acar ina and 01 igochaetes were moder- 
a t e l y  abundant i n  marsh vege ta t i on  sub- 
merged a t  h i g h  t i d e .  Coleoptera, Homop- 
t e ra ,  Hemiptera, and Col l embol a were a1 so 
among t e r r e s t r i a l  taxa c o l l  ec ted  f rom t he  
submerged vegetat ion.  Aqua t i c  c rus ta -  
ceans, occupyinq marsh pans and t i d a l  
creeks, inc luded  amphi pods (Corophi 
spp., Aniso ammarus 
t i a  t* - 
sphaeroma l u t e a ,  an 
l eucon  spp. and 

-- 
c o n f e r v i c o l  us, Orches- 

t he  i sopod, Gnorimo- 
~d two ~umaceans iHem i -  
Cumel 1 a spp. ) .  Some 

amphipods move in1  and be fo re  advancing 
t i d e s  and f i n d  she1 t e r  i n  dead eelgrass.  

In fauna l  composi t ion o f  t i d a l  creeks 
and t i d a l  pans o f  t he  marsh were s i m i l a r  
(H ig l  ey and Hol t o n  1981). Polychaeta, 
N p h  i poda , Tana i dacea, and I sopoda were 
found, many o f  whose species a r e  common t o  
t h e  A t l a n t i c  Coast as we1 1. A ma jo r  d f f -  
fe rence  i n  fauna between the  A t l a n t i c  and 
t h e  P a c i f i c  b r t h w e s t  coas ta l  marshes i s  
t h e  obvious s c a r c i t y  o f  decapods i n  t h e  
Northwest. At1 a n t i c  marshes a re  teeming 
w i t h  f i d d l e r  crabs (Uca) on t h e  o rde r  o f  
80 t o  200/m2 ( ~ o n t a ~ u e t  a1 . 1981), a1 ong 
w i t h  o thers  such as t he  b l u e  crab ( C a l l  i- 
nectes  sapidus).  H ig l  ey and Hol t o n  (1981) 
found o n l y  one decapod, Heniqrapsus 
oregonensis, which was i n h a b i t i n g  t i d a l  
creeks i n  t h e  sedge and mature h i g h  
marshes. 

Mo l l  usks common t o  nor thwes t  t i d a l  
marsh creeks i nc l ude  A1 d e r i a  modesta, 
Macoma ba l  t h i c a  (H ig l  ey and Hol t o n  l9m, 



Table 7. I n ve r t eb ra tes  c h a r d c t e r i s t i c  o f  f i v e  Oregon marsh h a b i t a t s  (mod i f i ed  f rom H ig l ey  and Ho l t on  1'381). 
A = adu l t ,  L = l a r vae ,  N = nymphs, ( - )  = n o t  d i v i d e d  i n t o  fanil i e s  b u t  nietnbers o f  t h e  o rde r  a re  p resen t .  

Order 

I i igh rnarsh Low marsh Debr is  1 i n e  Pan T i da l  creek 
Fb. o f  Fb. o f  b. of No. of Fb. o f  

Stage f am i l  i e s  Stage f a a i l  i e s  Stage farni l  i e s  Stage farn i l  i e s  Stage farn i l  i e s  
-- 

Cn ide r i a  

T u r b e l l a r i a  

Nemertea 

k m a  toda 

Pol j i h a e t a  

01 i gochaeta 
P3 
V 

Gas tropoda 

3 i v a l  v i a  

Acarina 

Os t rdcoda  

Copepoda 

Ci rripedia 

Cumacea 

Tana idacua 

Isopoda 1 

(con t inued)  





Tab1 e 8. Approxiniate d e n s i t i e s  and percentages of i nve r t eb ra t e  taxa from f i v e  h a b i t a t s  
of an Oregon marsh (~nodi f ied  from Higley and Hol ton 1981.) (*) = taxa making up < l o %  of 
c o l l e c t i o n ;  ( - )  = no data  dva i l ab l e .  

Mrmber of aninal  s/mL(%) 
I_-- 

Immature Mature 
Inve r t eb ra t e  Low sand Low s i l t  Sedge high hiqh- 

MARSH SOIL (Feb.) 

01 igochaeta  * * 5,680(22) 2,990(30) 4,570(61) 990(20) 
h p h  i poda 11,610(45) * x * 
Di p t e r a  (1 arvae)  23,880(76) 7,740(30) 4,480(45) 1,870(25) 2,570(52) 
Areneae x * * * * * * 490 (10) 
Acarina 3,770(12) * 

LOWER CANOPY 
VEGETATION (Sept .  ) 
(ground 1 evel t o  15 cm) 

Acarina 
Isopoda 
Col 1 embol a 
Hotnoptera 

UPPER CANOPY 
VEGETATION (Sept .  ) 
(above 15  cm above 

ground 1 evel ) 

Araneae 
Acarina 
Homop t e r a  
Di p t e r a  
Hymenoptera 

DEBRIS LINE (Aug.) 

Acari na 
Col 1 embol a 

SUBMERGED 
VEGETATION (Feb. ) 
( a t  high t i d e )  

01 igochaeta  
Acarina 
Isopoda 
Diptera  

* * 690(22) 380(49) .. 
8,030(96) t 1,410(45) * - 

* 6,480(76) * * - 
* * 940(30) 160(21) - 

(cont inued)  



Table 8. Concluded. 

2 
Nfmber o f  animal s/m ( % )  

Low Immature Mature 
I nve r t eb ra te  sand Low s i l t  Sedge h i gh  h i g h  

PAN IJATER ( A p r i l  ) 

01 igochaeta 
Copepoda 
Amphipoda 
D ip te ra  (1  a r vae )  

TIDAL CREEK SOIL ( k v . )  

Polychaeta 
01 i yochaeta 
Amphipoda 

TIDAL CREEK HATER (Nov.) 

Cn idar id  
&mertea 
Ptslychaeta 
01 igochaeta 
Cunu cea 
Amphi poda 

Maco~na inconspic t ra ,  and the  sof  t-she1 l e d  -- 
c l  am a r e n a r i  a  (ilacdonal d 1977). 
f4acoma nasuta and Cryptomya ca l  i f o r n i c a  
P -- 
were a lso  found i n  t i d a l  creeks o f  Grays 
Harbor, Washing t o n  (Macdonal d  1977). The 
n ia jor  conc lus ion  i n  the  species i nven to r y  
c a r r i e d  ou t  by Ho f fnag le  e t  a l .  (1976) was 
t h a t  i n  a p a r t i c u l a r  marsh one o r  two spe- 
c i  es o f  i n v e r t e b r a t e s  dominated wh i l  e t he  
r e s t  were few i n  number and random i n  d is -  
t r i b u t i o n .  

It i s  n o t  known if o r  how t he  t i d a l  
iiiarshes a re  impo r t an t  t o  the  economical 1  y  
i~ : lpor tant  i n v e r t e b r a t e s  o f  the  es tuary  
such as t h e  Dunyeness crab and Japanese 
oys te r .  Large nuabers o f  small Dungeness 
crabs have been found i n  the  upper reaches 
o f  "Lie Coos Ray Es tudry  (Roye 1979). ?lore 
study, however, i s  necessary t o  a s c e r t a i n  
whe t i ~e r  t h e  t i d a l  r:~arsh p lays a va luab le  
r o l e  i n  t h e  s u r v i v a l  of these animals. 

3.3.2 F ishes 

The r o l e  o f  t i d a l  narshes as nu r se r y  
and feeding grounds f o r  salmon and o t h e r  
f i s h  has y e t  t o  be proven i n  P a c i f i c  
Northwest marshes. However, evidence t o  
suppor t  t h e i r  r o l e  i n  t h e  f i s h e s '  l i f e  
c y c l e  i s  beg inn ing  t o  accunul ate.  Inven- 
t o r i e s  o f  f i s h  have been made i n  va r i ous  
e s t u a r i e s  o f  t h e  P a c i f i c  Northwest, b u t  
much l e s s  i n f o r n a t i o n  i s  a v a i l a b l e  on t h e  
f i s h  t h a t  i n h a b i t  t he  t i d a l  aarshes (Tab le  
9).  Ho f f nag le  e t  a l .  (1976) surveyed f i s h  
spec ies o f  t i d a l  creeks o f  t h e  marshes o f  
Coos Bay, Oregon, a ~ d  a lso  c a r r i e d  ou t  g u t  
a n a l y s i s  t o  o b t a i n  i n f o m a t i o n  on feed ing  
hab i t s .  The two do~ninant  f i s h e s  o f  these  
ziarshes were t h e  sh i ne r  perch and t h e  
s taghorn scul  p i n .  Major  food sources 
i nc l uded  amphipods, e s p e c i a l l y  Corophiurn, 
i n  t h e  case o f  t he  s taghorn scu l  p i n  and 
h a r p a c t i c o i d  copepods f o r  t h e  s h i n e r  



Table 9. Common and s c i e n t i f i c n a m e s ,  marsh h a b i t a t ,  and l i f e  s t a g e  of some f i s h e s a s s o c i a t e d  with 
marshes of t he  P a c i f i c  Northwest (Hoffnagle e t  a1 . 1976; Levy e t  a1 . 1979; Northcote e t  a1 . 1979; 
H i  gl ey and Hol ton  1981) . 

Common name Sc i en t i f i c  name Marsh hab i t a t  Life s tage  

Anadromous species 

Chinook salmon Oncorhynchus tshawytscha 

Chun salmon Oncorhynchus keta 

Coho salmon Oncorhynchus ki sutch 

Longfin smelt Spi rinchus thal e i  chthys 

Pink salmon Oncorhynchus qorbuscha 

Sockeye sal rnon Oncorhynchus nerka 

Marine species 

Northern anchovy Ensraul i s  mordax 

Shiner perch Cymatogaster aqgregata 

Staghorn scul pin Leptocottus armatus 

Starry flounder Pl a t ichthys s t e l l a t u s  

Surf smel t Hypomesus pret iosus 

Freshwater species 

Peamouth chub Fly1 ocheilus caurinus 

Prickly scul pin Cottus asper 

Threespine stick1 eback Gasterosteus acul eatus 

Sedge marsh - edge 

Low marsh - level portion 

Marsh creek 

Marsh creek 

Marsh creek 

Marsh creek 

Sedge marsh - edge 

Sedge marsh - edge and creek 

High marsh - edge, creek and pan 
Low marsh - edge and creek 

Low marsh - level portion, 
edge and creek 

Low marsh - 1 eve1 portion 

Marsh creek 

Marsh creek 

High and 1 ow marsh - edge, 
creek and pan 

Juvenil e 

Juvenile 

Juvenil e 

Juvenile 

Juvenil e 

Juvenile 

Juvenil e t o  
young adul t 

Juvenil e 

Juvenil e to  
adul t 



perch. D e t r i t u s  pa r t i c1  es from s a l t  marsh 
p lan ts  are t h e  major  food o f  Corophium; 
thus there i s  a  l i n k  between f i s h  and 
marsh p lants.  I n  ~ ~ f f n a g l e ' s  study, juve- 
n i l e  f i s h  dominated the s i tes ,  which also 
supports t h e  nursery  r o l e  o f  the t i d a l  
marshes . 

Higley and Hol ton (1981) found tha t  
the  species d i v e r s i t y  of f i s h  i n  t he  Pa- 
c i  fit Northwest marsh hab i ta ts  was not  as 
great  as i n  t h o s e  along the A t l a n t i c  
coast. They suggested tha t  perhaps t h i s  
i s  due t o  l o w e r  sal i n i  t y  (and therefore 
fewer marine spec ies  are temporary res i -  
dents) o r  t o  t h e  lesser  extent o f  North- 
west marshes. I n  both h igh and low 
marshes a t  N e t a r t s  and S i l e t z  Bays, stag- 
horn scul p i n  and threespine s t ick1  eback 
dominated. O the r  species captured by 
seine and t r a w l  s included juven i le  sur f  
smelt and j u v e n i l e  chum salmon. I n  addi- 
t i o n  to  t he  s h i n e r  perch and the three- 
spine s t i c k l e b a c k  i n  a  slough adjo in ing a  
sedge marsh, n i n e  other species were cap- 
tured but  i n  l o w e r  numbers. Pmong these 
1 ess common spec ies  were northern anchovy, 
s t a r r y  f lounder, j uven i l e  chinook salmon, 
and the s h i n e r  perch (Hig ley and Hol ton 
1981). 

Most i n f o r m a t i o n  on f i s h  res idents o f  
Oregon and Washi ngton estuaries comes from 
angler  catch da ta .  Comprehensive surveys 
have not been done i n  most cases; s tudies 
i nves t i ga t i ng  t h e  u t i l i z a t i o n  o f  the 
marshes by these f i s h  are espec ia l l y  lack-  
ing. For t h i s  i n fo rma t ion  we have t o  r e l y  
on the  s tud ies  done i n  B r i t i s h  Columbia 
and assume t h a t  many o f  t h e i r  conclusions 
are t r a n s f e r r a b l e  t o  o ther  Pac i f i c  North- 
west es tuar ine  systems, a t  l e a s t  u n t i l  
such studies a r e  completed i n  Oregon and 
Washington. Chinook and coho salnon (chum 
salmon are found i n  a  few o f  the estua- 
r i  es) , steel  head t rou t ,  cu t th roat  t rou t ,  
shad, and s turgeon frequent many o f  Ore- 
gon's es tua r ies  (Kreag 1979a, b; Roye 
1979). Other common f i s h  include various 
species o f  perch, s ta r r y  flounder, P a c i f i c  
staghorn scul p i n ,  Pac i f i c  herr ing, s u r f  
smelt, and n o r t h e r n  anchovy. Many other 
species have been reported i n  these estu- 
ar ies;  a t  l e a s t  66 species are known t o  
Coos Bay. 

3.3.3 B i rds  

S a l t  marshes o f  P a c i f i c  Northwest 
es tuar ies  are l oca ted  along the  P a c i f i c  
Flyway f o r  migra tory  waterfowl . A1 ong 
w i t h  the t i d a l  f l a t s  and open water, t h e  
marshes provide prime hab i ta t s  f o r  feeding 
and winter ing.  Magwire (1976a) conducted 
t h e  most comprehensive survey on marsh 
u t i l  i z a t i o n  by b i r d s  o f  the  P a c i f i c  North- 
west i n  a  summer study a t  Coos Bay, Ore- 
gon. He s tud ied  s i x  marshes a t  Coos Bay 
by d i v i d i n g  them i n t o  the fo l l ow ing  zones: 
shrubs and t rees  a t  the  upper marsh edge, 
h igh  marsh, midd le  marsh, l o w  marsh, mud- 
f l a t ,  and water. B i r d  observations were 
made as he t raversed each marsh from up- 
l a n d  t o  mudf lat .  He found t h a t  28 b i r d  
species u t i l i z e d  the marsh proper, i n -  
c lud ing  t h e  a i r  space over t he  marsh. 
These are 1  i s t e d  i n  Tab1 e  10 according t o  
t h e  l o c a t i o n  i n  the marsh where they were 
observed. 

The f i v e  swallow species (barn, 
c l  i f f ,  rough-winged, v i o l  et-green, and 
t r e e )  are migra tory  b i r d s  and are commonly 
seen over the marsh from A p r i l  t o  August. 
They have l a rge  mouths and prey on f l y i n g  
insec ts .  None o f  the swallows b u i l d  t h e i r  
nests i n  the  marsh, hu t  the barn swallow 
uses mud taken from the marsh edge t o  
b u i l d  i t s  nest, usua l l y  under b u i l d i n g  
eaves (Magwi r e  1976a). 

The widely d i s t r i b u t e d  song sparrow, 
t he  most common b i r d  Magwire observed 
over  the  marsh, o f t e n  nests i n  marsh 
p lants,  i n  snags found i n  t h e  marsh, o r  i n  
t h e  brush adjacent t o  the upland. These 
b i r d s  can be seen probing f o r  worms and 
i nsec ts  i n  the  marsh and i t s  creeks 
(Magwi r e  1976a). 

The f inches were observed t o  ea t  
seeds o f  arrow-grass but  were seen o n l y  
i n f r e q u e n t l y  i n  the marsh (Magwire 1976a). 

The nor thern  h a r r i e r  b u i l d s  i t s  nes t  
on the marsh sur face and soars over t he  
marsh searching f o r  small mammals. The 
r e d - t a i l e d  hawk genera l ly  l i v e s  and hunts 
ou ts ide  t h e  marsh bu t  was occasional l y  
seen i n  t he  upper p a r t  o f  the  marsh (Mag- 
w i r e  1976a). 



Tab1 e 10. B i r d  observa t ions  i n  s a l t  marshes a t  Coos Bay (mod i f i ed  from Magwire 1976a). 

Species Up1 and Marsh 
High Midd le  Low 

Mudf la t  Water 

Ma1 l a r d  (m p l  atyrhynchos) 

Turkey vul  t u r e  (Cathartes aura) 
Northern h a r r i e r  (C i rcus  cyaneus) 

Red-tai led hawk (& jamaicensis)  

Great eg re t  (Casmerodius +) 

Great b lue  heron (Ardea herodias) 

Green-backed heron (Butor ides s t r i a t u s )  

V i r g i n i a  r a i l  (Ra l lus  1 im ico la )  

K i l  l dee r  (Charadr ius voc i f e rus )  
a 

Sand p i  pers 

Band-tai led pigeon (Columba f a s c i a t a )  

Common nighthawk (Chordei les minor) 

Be1 ted k i n g f i s h e r  (Ceryl e alcyon) 

Barn swat 1 ow (H i  rundo r u s t i c a )  

C l  i f f  swallow ( H i  rundo pyrrhonota) 

Northern rough-winged swallow 
(S te l  g idopteryx  ser r ipenn i  s)  

V io le t -green swallow (Tachycineta tha lass ina)  

Tree swallow (Tachycineta b i c o l o r )  

h e r i c a n  crow (Corvus brachyrhynchos) 

Marsh wren (C is to thorus  pa l  u s t r i s )  

American r o b i n  (Turdus m iq ra to r i us )  

European s t a r 1  i n g  (Sturnus v u l s a r i s )  

Common ye1 1 owthroat (Geothlypis t r i c h a s )  

Red-winged b l a c k b i r d  (Aselaius phoeniceus) 

Purp le  f i n c h  (Carpodacus purpureus) 

American g o l d f i n c h  (Carduel is t r i s t i s )  

Song sparrow (Me1 ospiza me1 od ia)  

a 
Sandpipers i nc lude  the western sandpiper ( C a l i d r i s  mauri), l e a s t  sandpiper ( C a l i d r i s  m i n u t i l l a ) ,  white- 
rumped sandpiper (Cal i d r i s  f usc i co l l  i s ) ,  a n d B a i r d ' s s m p e r  (Cal i d r i s  bairdii). 



Common t o  the  h igher marshes i s  the 
l o n g - b i l l e d  marsh wren, nes t ing  a f o o t  
o r  two above the ground i n  t h e  t a l l  vege- 
t a t i o n  o f  t h i s  zone. This b i r d  feeds 
on marsh insects, snai ls, and spiders i n  
the grass and on the -ground ' (Magwire 
1976a). 

V i r g i n i a  r a i l s  b u i l d  t h e i r  we l l -  
concealed nests c lose t o  t h e  ground i n  
the marsh. The i r  long curved b i l l s  are 
espec ia l l y  su i t ed  t o  probing i n  the  mud 
f o r  worms, sna i ls ,  larvae, etc. They a lso 
feed on p l a n t  seeds. Soras r a i l s  were 
a lso occas iona l ly  s ighted i n  the marsh 
areas o f  Coos Bay (Elagwire 1976a). 

The great  b l u e  heron i s  seen i n  those 
marshes adjacent t o  l a r g e  mudflats. Her- 
ons feed on f i s h  and inver tebrates i n  
shal low water a t  the  edge o f  t he  marsh and 
i n  marsh creeks. They seek refuge i n  the 
marsh t o  res to re  and preen t h e i r  feathers 
bu t  do not nest  there. The i r  nests are 
b u i l t  i n  l a r g e  rooker ies i n  S i t ka  spruce 
o r  hemlock (Elagwire 1976a). 

Based on a census made each December, 
Roye (1979) associated t h e  f o l  lowing b i rds  
w i t h  Coos Bay s a l t  marshes: American 
wigeon, b l  ack-bel l  ied  plover, w i l l  et, 
common go1 deneye, nor thern h a r r i e r ,  bald 
eagle, r e d - t a i l e d  hawk, g rea t  b lue heron, 
green heron, American coot, tundra ( o r  
whist1 i ng )  swan, Canada goose, gadwall, 
snowy egret,  V i r g i n i a  r a i l ,  l ong -b i l  l e d  
c u r l  ew, pectora l  sandpiper, knot, American 
b i t t e r n ,  Great egret,  sora common snipe, 
and mal la rd  (see Table 10). The r e l a t i v e  
abundance of these b i r d s  i n  the  marshes 
has been determined by Roye (1979) and i s  
g iven i n  Table 11. Many o f  these species 
u t i l i z e  o the r  es tuar ine  h a b i t a t s  as wel l .  

3.3.4  Mammal s 

The most comprehensive study on mam- 
na l  populat ions o f  t i d a l  marshes i n  Oregon 
was done by Elagwire (1976b) i n  the s a l t  
marshes o f  Coos Bay. Mammals are primary 
consumers, predators, and scavengers i n  
the  s a l t  marsh food web. The l a r g e r  mam- 
mal s general 1 y range wide1 y and are there- 
f o r e  no t  r e s t r i c t e d  t o  marsh habi tats.  
Magwire (1976b) found t h e  raccoon t o  be 
the  most f requent  marsh v i s i t o r  o f  the 

l a r g e r  mammals. This omnivore feeds on 
f r u i t s ,  f i s h ,  inver tebra tes ,  and smaf 1 
ver tebrates and mammals, as we l l  as eggs. 
Another marsh v i s i t o r  i s  the b l a c k - t a i l  ed 
deer, which browses i n  brush areas gener- 
a l l y  ou ts ide  the  marsh. Matted marsh 
grass and the many t racks  i n d i c a t e  t h a t  
the deer u t i l i z e  the marsh as a refuge. 
Deer have been observed by the authors 
feeding on arrow-grass i n  the marshes. 
Beaver 1 i v e  a t  the edge o f  one o f  t he  
marshes o f  Coos Bay, where the  f reshwater  
meets the estuary. They feed on bark  of 
deciduous t rees a t  the  marsh's edge. 
Other l a r g e  mammals reported t o  f requen t  
marsh areas o f  Coos Bay are muskrat, mink, 
r i v e r  o t t e r ,  weasels, grey fox, coyote, 
and bobcat (Magwire 1976b). The abundance 
o f  these animals i n  the  marsh i s  p r i m a r i l y  
re la ted  t o  the p rox im i t y  o f  urban areas. 
The c lose r  the urbanizat ion,  the fewer t h e  
animals. A 1 i s t  o f  t he  common and sc ien-  
t i f i c  names o f  those species f r e q u e n t l y  
associated w i th  the  marshes i s  g i ven  i n  
Table 12. 

Magwi r e  (1976b) captured s i x  species 
o f  small mammal s i n  a study o f  1 ow sandy, 
low sedge, immature high, and h igh marshes 
a t  Coos Bay. The vagrant shrew made up 
71% o f  the captures; t he  next  most abun- 
dant species was the deer mouse, compris- 
ing 23% o f  the small mammal catch. Four 
other  species were captured more r a r e l y  - 
the Oregon meadow mouse, western red- 
backed mouse, the b lack  ra t ,  and t h e  Trow- 
br idge shrew. 

Magwi r e  (1976b) c o r r e l  ated the  re1 a- 
t i onsh ip  between captures and marsh type. 
The deer mouse was most abundant i n  t h e  
high marsh. I t s  numbers decl ined as d i s -  
tance i n t o  the marsh from the  t e r r e s t r i a l  
s ide increased. The deer mouse apparent ly  
resides i n  the dense t rees  and shrubs j u s t  
beyond the  edge o f  t he  marsh and feeds on 
f r u i t s ,  seeds, and insec ts .  The vagrant 
shrew i s  an i nsec t i vo re  and p r e f e r s  t h e  
dense herbaceous cover o f  the immature 
h igh marshes and sedge marshes. Here they  
b u i l d  t h e i r  nests d i r e c t l y  on the  ground 
i n  the  h ighest  p a r t  o f  a p a r t i c u l a r  area. 
There was no c o r r e l a t i o n  between abundance 
and distance i n t o  the  marsh; the vagrant  
shrew was observed throughout the  e n t i r e  
marsh. However, more were captured near 



Table 11. Cornmon and s c i e n t i f i c  names and r e l a t i v e  abundance of b i r d s  associated w i t h  
marshes o f  Coos Bay (Roye 1979). 

Common name S c i e n t i f i c  name 
Re1 a t i v e  a 
abundance 

American b i t t e r n  

American coot 

American wigeon 

Bald eagle 

Bl ack- be1 1 i ed p love r  

Canada goose 

Great egret  

Common go1 deneye 

Common snipe 

Gadwall 

Great b lue  heron 

Green- backed heron 

Red knot 

Long-b i l l  ed curlew 

Ma1 1 ard 

Northern h a r r i e r  

Pectoral  sandpi per 

Red-ta i l  ed hawk 

Snowy egre t  

So r a  

Botaurus 1 e n t i g i  nosus 

Ful i c a  americana 

Anas americana - 
Hal iaeetus t eucocephal us 

P luv ia lus  squatarol a 

Branta canadens i s  

Casmerodius a1 bus - 
Bucephal a c l  angul a 

Gal 1 i naqo ga l  1 i naqo 

Anas s t repera  - 
Ardea herod i as 

Butorides s t r i a t u s  

Cal i d r i  s canutus 

Umenius americanus 

Anas p1 atyrhynchos - 
Circus cyaneus 

Cal i d r i  s me1 anotos 

Bu teo j ama i cens i s 

Egret ta t h u l  a 

Porzana ca ro l  ina  

Rare 

Abundant 

Abundant 

Rare 

Common 

Rare 

Common 

Uncommon 

Uncommon 

Uncommon 

Common 

Uncommon 

Uncomno n 

Rare 

Comma n 

Uncommon 

Rare 

Uncommon 

Rare 

Rare 

V i r g i n i a  r a i l  Ral lus l i m i c o l a  Uncomno n 

Tundra swan 

W i l l e t  

Cygnus col urnbianus Rare 

Catoptrophorus semi palmatus Uncommon 

aabundant = ~SO/day/observer, common = 10-49/daylobserver, uncommon = 0-9/day/observer, 
r a r e  = 15/day/observer. 



Table 12. Common and s c i e n t i f i c  names of some mammal species associated w i t h  t he  
marshes o f  t he  P a c i f i c  Northwest. 

Common Name S c i e n t i f i c  Name I Common Name S c i e n t i f i c  Name 
I 
I 

Residents I v i s i t o r s  

B1 ac k r a t  Rattus r a t t u s  -- 

Deer mouse Peromyscus 
manicul a tus 

I Beaver Castor canadensis 

Bl ack t a i l e d  deer Odocoilous hemionus 
columbiands 

I Bobcat Lynx r u f u s  

Shrew 

i4icrotus oreqoni i Oregon meadow -- 
mouse 

Sorex vagrans - 

Coyote Cani s 1 atrans - 
Grey fox  Urocyon 

cinereoarqenteus 

Mink Mustel a v ison -- -- 

Trowbridge shrew Sorex t rowbr idg i  i 

logs  which had been washed i n t o  the narsh. 

Muskrat Onda t r a  z ibe th i cus  

Raccoon Procyon 1 o t o r  

Western red- C1 ethrionomys 
backed ntouse occidental i s  

During t i d a l  inundat ion the deer 
mouse seeks h igher t e r r e s t r i a l  ground 
wh i l e  the vagrant shrew r m a i n s  i n  i t s  own 
l o c a l e  i n  the  tops o f  t9e emergent marsh 
vegetat ion o r  on top o f  logs o r  o ther  de- 
b r i s ,  As might  be expected, these rnarsh 
inhab i tan ts  are more vulnerable t o  preda- 
t i o n  by marsh hawks and owls during t i d a l  
inundat ion (Yagwi r e  1976b). 

R i  ve r o t t e r  Lu t ra  canadensis --- 
Weasel Mustel a spp. 

I n  a survey done i n  the sal t rnarshes 

adjacent  t o  Netarts Bay, o n l y  one mammal, 
t h e  vagrant shrew, was encountered (Stout  
1976). The pauci ty  o f  mammal 1 i f e  i n  t h a t  
marsh was a t t r i bu ted  t o  the l a c k  o f  f resh-  
water. Dew, p rec ip i t a t i on ,  and food f l u -  
i d s  provide the  small r~anmal i nhab i tan ts  
o f  the  s a l t  marsh w i t h  freshwater (Magwire 
1976b). An i n te res t i ng  adaptat ion o f  t he  
deer mouse i s  t h a t  those captured from a 
s a l t  r ~ a r s h  can surv ive i n d e f i n i  t a l y  on a 
d i e t  o f  d ry  food and seawater, w h i l e  those 
taken from a nountain reg ion  cannot (F i s -  
t e r ,  as c i t e d  i n  Magwire 1976b). 



CHAPTER 4 

ECOLOGICAL I MERACTIONS 

Previous chapters have examined the 
d i s t r i b u t i o n ,  types, areal expanse, and 
development o f  t i d a l  marshes, the marsh 
f l o r a  and fauna, and the physical  and 
chemical environment i n  which the b i o t a  
1 i ve. From t h i s  we know where the marshes 
are and what the 1 i v i n g  condi t ions are f o r  
the  b i o t a  which were discussed i n  Chapter 
3. We have examined James Bonner's f i r s t  
quest ion o f  ecology, "Who l i v e s  where and 
why?" We a1 so touched on h i s  second 
quest ion "who eats whom?" This chapter 
establ ishes a framework i n t o  which various 
short  food chains f i t  t o  develop a hol i s -  
t i c  view o f  the t i d a l  marsh ecosystem. 
Potent ia l  i n t e r a c t i o n s  between the marsh 
and adjacent ecosystems w i l l  be examined, 
and i n  a broad sense we w i l l  examine 
Bonner's f i n a l  ecological  question, "What 
i s  t he  b io logy  o f  togetherness?" 

4.1 ECOLOGICAL PROCESSES WITH1 N THE MARSH 

A general i zed conceptual model o f  
t i d a l  marsh components and t h e i r  in terac-  
t i ons  i s  presented i n  Figure 17. The 
model was assembl ed from data and observa- 
t i o n  from P a c i f i c  Northwest marshes and 
experience i n  A t l a n t i c  Coast marshes. A l -  
though the model i s  based on carbon cycl -  
ing, any mater ia l  ( o r  energy) could be so 
discussed using the  diagram. 

The compartments o f  the  model are 
1 umped categories o f  f u n c t i o n a l l y  s i m i l a r  
organisms. For example, x3, the aerobic 
heterotrophs, i s  made up o f  b i rds ,  i n -  
sects, deer, and other  herbivores i n  the  
ae r ia l  component. The same compartment i n  
the water column consists o f  f i sh ,  amphi- 
pods, mussel s, o y s t e y  , and bacter ia.  
With in the sediments, X i s  comprised p r i -  
m a r i l y  o f  meiofauna and bac ter ia .  An 
important d i f f e rence  between P a c i f i c  
Northwest and East Coast marshes i s  t he  

1 ack o f  rnacroinvertebrates, p a r t i c u l a r l y  
sna i l s  and crabs (Uca) i n  t h e  X 3  compart- 
ment. The anaerobic heterotrophs, xlO, 
are bacter ia.  S im i l a r l y ,  x*, the  l i v i n g  
marsh pl ants, encompasses a l l  types found 
i n  the  P c i f i c  Northwest marshes, The 
algae, , includes f l o a t i n g  (phyto- 
plankton) and attached (micro- and macro- 
benth ic)  atgae. The most d iverse  compart- 
ment i s  X , POC. This ranges from dead 
marsh p lan ts  and algae t o  imported l i t t e r  
(as eelgrass, d r i f t  logs, o r  mammalian 
feces) t o  f i n e  p a r t i c u l  a te  mat te r  from any 
o f  these sources. 

Tab1 e 13 1 i s t s  some t yp i ca l  processes 
by which carbon i s  t rans fe r red  between t h e  
ecological  components shown i n  Figure 17. 
For example, the ex o r t  o f  aerobic hetero- 
t rophs i n  the  a i r  PF 3,s )  could represent 
the l oss  o f  insec ts  d i r e c t l y  o r  through 
insec t ivorous  b i r d s  ( P f e i f f e r  and Wiegart 
1981). Q u a n t i t a t i v e  data on most f l u x  
notes 1 i s t e d  i n  Table 13 and the standing 
crops o f  t h e  func t iona l  compartments i n  
F igure  17 are not ava i l ab le  f o r  s a l t  
marshes o f  t h e  P a c i f i c  Northwest. Our 
experience has shown t h a t  the marshes o f  
t he  Pac i f i c  Northwest a re  s t r u c t u r a l l y  and 
f u n c t i o n a l l y  s i m i l a r  t o  eastern Spart ina 
a1 t e r n i  f l  o ra  marshes. Studies o f  produc- 
t i on ,  decomposition, and grazing support 
t h i s  concept. 

4.1.1 Primary Production 

There are  two major pr imary producer 
groups i n  the  system: emergent marsh 
p lan ts  ( o r  angiosperms) and algae (benthic 
a1 gae, phytopl ankton, and macro-a1 gae) . 
The emergent macrophytes appear dominant. 
A1 gal standing crop, biomass, and produc- 
t i v i t y  have n o t  been quant i f ied .  Data 
does e x i s t  f o r  the nearby mudf lats and 
seagrass beds, bu t  we feel  the  marsh a l g a l  
product ion i s  much more l i k e  t h a t  o f  



t i g u r e  17. Conceptual model o f  carbon f l ow  between components o f  t i d a l  marsh ecosyste~ns 
i n  the  P a c i f i c  Northwest. 

the  Middle A t l a n t i c  marshes than t h a t  of converted t o  a carbon base (approximately 
the  geographical ly c loser  Pac i f i c  North- 45% of d ry  weight),  these l a s t  two data 
west t i d a l  f l a t s ,  seagrass beds, o r  south- sets are  s i m i l a r  t o  those measured by Gal- 
ern C a l i f o r n i a  marshes. We would expect lagher and Kibby ( i n  prep.). Kibby e t  a l .  
i t  to average approximately lOOg ~ / m  2/yr. (1980) have depicted many o f  the p lan ts  

i n  the  Pac i f i c  Northwest marshes and given 
f4acrophytic seed-bearing p1 ants i n  product ion estimates (Table 14). They 

Oregon have a r i d e  range of p r o d u c t i v i t y  a l so  have devised a ser ies  o f  f i e l d  tech- 
from lOOg C/m /yr  t o  as much as lOOOg niques t o  be used i n  making r a p i d  primary 
C/m z/yr (Gal 1 agher and Kibby i n  prep. ). product ion estimates o f  wet1 and s i t es .  
Others working along the Pac i f i c  k r t h w e s t  
coast have found s i m i l a r  ranges i n  pr imary As i s  the case i n  inany midd le  Atlan- 
p roduc t i v i t y .  Burg e t  a1 . (1980), for  ex- t i c  s a l t  marshes, the l o c a t i o n  o f  p1 ant 
ample, working i n  southern Puget Sound stands r e l a t i v e  t o  marsh creeks a f f e c t s  
found product ion ranging from 90 gram d ry  t h e i r  p roduc t i v i t y .  Although the a e r i a l  
weight (gdw)/m2/yr f o r  a s a l t  marsh sand- growth ra tes  o f  streamside and back marsh 
spurry (Sperqular ia marina) associat ion t o  Lyngbye's sedge are s im i l a r ,  t he  seasonal 
1390 gdw/m2/yr f o r  the Lyngbye's sedge product ion i s  g reater  f o r  the  streamside 
associat ion. E i l e r s  (1975) measured ne t  p l a n t s  (Gal 1 agher and Kibby 1981). The 
prirnary p r o d u c t i v i t y  ranging from 520 t o  streamside p lan ts  develop a canopy from 
1940 gdw/m2/yr. When these values are  underground reserves i n  the l a t e  w in te r  

38 



Tab1 e 13. Representative processes of carbon flow in sal t marsh communities. Fhmerical 
designations refer to direction of flow between the compartments of Figure 17; for 
instance, F (1,2) shows carbon flow from the atmosphere (XI) to  plants (X2) by the pho- 
tosynthetic pathway. 

Component F1 uxes Ecological processes 

Aerial F ( l Y 2 )  Marsh pl a n t  photosynthesis 

F (2,l) Marsh plant respiration 

F (2,3) Grazing (primarily by insects), pathogenic 
infection 

F (2,4)  Plant death, fragmentation 

F (5,4)/(4,5) POC import, export (by wind, gravity, 
animal s )  

F (5,3)/(3,5) Immigration, emigration (primarily mammals, 
birds, insects) 

F ( 3 , 4 )  Fecal production and death 

F (4,3) Detri tal consumption 

F ( 3 , l )  Microbi a1 and animal respiration 

Water column F (2,7) Leaching from leaves and stems 

(on s i t e  in marsh F (2,3) Grazing (possibly by insects in a i r  pockets), 
and in tidal creeks) pathogenic infection 

F (7,5)/(5,7) Tidal DOC export and import 

F (7,4) DOC flocculation, sorption on POC 

F (4,7) Leaching from POC 

F (5,3)/(3,5) Immigration or emigration of animals ( f i sh ,  
crustaceans), waterborne microbes 

F (7,3) DOC uptake (primarily by microbes) 

F (3,7) DOC re1 ease by excretion 

F (3,6) Microbi a1 and animal respiration 

F (3,4) Fecal production and death 

(continued) 



Tab1 e 13. Concluded. 
-- 

Component F l  u xes Ecological processes 

Watercolumn(cont . )  F ( 4 , 3 )  D e t r i t a l  consumption and m ic rob ia l  a c t i v i t y  

F (5,4)/(4,5) POC import and export  by t i d a l  water (o f t en  
as l i t t e r )  

F (8,7) Excret ion and ex t race l l  u l  a r  re1 ease 

A1 gal death, fragmentat ion 

P lan t  death, fragmentat ion 

C02 re1  ease 

C02 s o l u t i o n  

D i f f u s i o n  from sediments 

Transport by t i d a l  water 

A1 gal r e s p i r a t i o n  

Algal photosynthesis 

....................................................................................... 
Sediment F (2,11) Leaching from roots  and rhizomes 

F (11,7) Leaching from substrate 

I= (2,4) Root and rhizome death and fragmentat ion 

F (4,11) Leaching ( p r i m a r i l y  from roots  and rhizomes) 

F (1193) DOC uptake ( p r i m a r i l y  by  microbes) 

F (11,lO) DOC uptake by  anaerobic b a c t e r i a  

F (10 , l l )  Cel l  u l  a r  re1 ease 

F (4,3) D e t r i  t a l  consumption 

F (3,9) Bacter ia l  and benthic animal resp i  r a t i o n  

F (10,g) Anaerobic b a c t e r i a l  r e s p i r a t i o n  and 
methanogenesi s  

F (9,6) Inorganic carbon exchange 



and e a r l y  spring, a t ime when 1 i g h t  and 
temperature cond i t ions  o r d i n a r i l y  a re  no t  
optimum. The rap id  spr ing growth from 
underground reserves i n  roo ts  and rhizomes 
co r re la tes  w i t h  the  u l t i m a t e  h igh  annual 
p roduct ion  o f  these streamside sedges. 
When temperature and 1 i g h t  become more 
favorab le  as the  growing season pro- 
gresses, the streamside p lan ts  have a 
1 arger canopy t o  i n t e r c e p t  1 i g h t  and pho- 
tosynthes ize  than do the  back marsh 
p lants.  Although t h e  growth r a t e  per u n i t  
o f  t i ssue  i s  s im i l a r ,  t o t a l  growth i s  
f a s t e r  i n  the  streamside p lan ts  where more 
l e a f  area i s  present when growth condi- 
t i o n s  become favorable. 

These d i f fe rences i n  the  management 
o f  underground reserves may be coupled 
w i t h  environmental f ac to rs  such as b e t t e r  
water f low through the  streamside s o i l s  
which r e s u l t s  i n  t he  removal o f  t o x i c  sub- 
stances and t h e  aera t ion  o f  the  roo t  zone. 
The g rea te r  sediment depos i t ion  and 
reworking ra tes  which seem t o  occur on 
some o f  the streambanks i n  t he  younger 
marshes may a1 so be important.  These 
ac t ions  produce a f e r t i l  i z a t i o n  o f  so r t s  
f o r  the  p lan ts  near the streams. 

We found t h a t  growth increased i n  
back marsh Lyngbye's sedge i n  response t o  
n i t r o g e n  f e r t i l  i z a t i o n  (unpubl ished data). 
A1 though they have not  been tested, i t  i s  
1 i k e l y  t h a t  a t  l e a s t  some o f  the o the r  
P a c i f i c  Northwest species would respond 
s i m i l a r l y .  Other nu t r i en ts ,  1 i gh t ,  tem- 
perature, and sal i n i  t y  may be fac to rs  
a1 t e r i n g  marsh production, b u t  data t o  
reso l ve  t h i s  quest ion are  n o t  ava i l ab le  
f o r  the P a c i f i c  Northwest marshes. 

The major source o f  belowground car- 
bon i n  most systems i s  from roo t  and r h i -  
zome growth. I n  southeastern At1 a n t i c  
coast  marshes, product ion ranges widely 
b u t  may equal o r  exceed a e r i a l  ne t  pr imary 
product ion  (Gal 1 agher and Plum1 ey 1979). 
I n  l o c a l  s i t u a t i o n s  where s i l t  depos i t ion  
from t u r b i d  f reshets  bur ies  l a r g e  quant i -  
t i e s  o f  aboveground p l a n t  ma te r i a l  i n  the 
sediment, a e r i a l  product i o n  can a1 so con- 
t r i b u t e  s i g n i f i c a n t  q u a n t i t i e s  t o  below- 
ground carbon pools. We have no t  observed 
such s i t e s  i n  Washington o r  Oregon b u t  
have seen s i t u a t i o n s  where a l a r g e  p o r t i o n  

Tab1 e 14. Primary product ion estimates 
o f  se lec ted Oregon marsh p lan ts  (from 
Ki bby e t  at, 1980). 

Net 
pr imary 

Common S c i e n t i f i c  produ t i o n  
name name (g/m 8 /yr )  

Lyng bye ' s 
sedge 

Pic k l  eweed 

Sal tgrass 

Paci f i c  
s i l  verweed 

Three- square 

B a l t i c  rush 

Carex lyngbyei  1,850 

Sal i c o r n i a  
v i r q i n i c a  

D is t ich1 i s  1,300 
sp ica ta  

P o t e n t i l l  a 900 
p a c i f  i c a  

T r i q l o c h i n  
mar i  t ima 

Sci rpus 5 50 
ameri canus 

Juncus ba l  t i c u s  450 

o f  t h e  season's primary production appears 
t o  be bu r ied  i n  t he  Fraser R iver  d e l t a  i n  
southwestern Canada. 

4.1.2 Decomposition 

Gal 1 agher e t  a1 . ( i n  press, a) have 
measured the  decomposition ra tes  o f  marsh 
grasses i n  Oregon. Rates were comparable 
t o  those measured by Gallagher and P f e i f -  
fe r  (1977) i n  the southeast At1 a n t i c  coast 
i n  s p i t e  o f  the h igher annual temperature 
a t  t he  l ower  l a t i t u d e  s i t e .  I n  add i t i on  
t o  cool w i  n t e r  temperatures which regul  at -  
ed decomposition, another major f a c t o r  was 
the moisture content o f  the dead p l a n t  
t i s s u e  (POC). Those p lan ts  which had the 
greates t  percentage o f  support ive t i s s u e  
decomposed sl ower than those t h a t  co1 1 aps- 
ed t o  the  ground soon a f t e r  they died. 
Tissue n i t rogen cor re la ted  w i t h  decomposi- 
t i o n  r a t e  i n  several cases. 



We have no d i r e c t  evidence f o r  the  
release o f  DOC from 1 i v i n g  marsh p lan ts  i n  
Oregon and Washington. Gal lagher e t  al. 
(1976) have demonstrated t h a t  the process 
occurs i n  smooth cordgrass marshes o f  the 
A t l a n t i c  coast; i t  may be presumed t o  a lso 
occur i n  p lan ts  i n  Pac i f i c  Northwest 
marshes. 

Leaching o f  DOC from the POC compart- 
ment takes place as the d e t r i t u s  ages o r  
i s  broken down. I n  Oregon marshes rates 
of DOC leaching from eel grass 1 i t t e r  de- 
creased more r a p i d l y  w i t h  aging i n  t h e  Pa- 
c i f i c  si lverweed marsh than i n  the p i ck le -  
weed zone. The consumption o f  POC o f  
e i t h e r  p l a n t  o r  animal o r i g i n  by aerobic 
heterotrophs may take the form o f  bac te r i -  
a l  decomposition. Gal lagher and P f e i f f e r  
(1977) found t h a t  the release o f  DOC t o  
the water colutnn from standing dead smooth 
cordgrass was inverse ly  re la ted  t o  micro- 
b i a l  r e s p i r a t i o n  rates. This was i n t e r -  
preted as an uptake o f  1 a b i l  e DOC by the 
bacter ia.  When microbia l  populat ions were 
high, 1 i t t l e  DOC was released i n t o  the 
surrounding water. Respirat ion was a1 so 
found t o  vary w i t h  p lan t  .species. Micro- 
b i a l  r e s p i r a t i o n  was greater  on dead 
smooth cordgrass than on dead black 
needlerush. Ch r i s t i an  e t  a1 . (1981) sug- 
gested t h a t  an equ i l ib r ium e x i s t s  between 
tnicrobial populat ions and product ion o f  
substrate. DOC i n  estuar ine water i n -  
creases when the microbia l  populat ions are 
c o r ~ t r o l l e d  by predation by protozoa and 
d e t r i  t i v o r e s  ; however, i t  never reaches 
1 eve1 s h igh  enough t o  be t ransported out 
o f  the  p a r t i c u l a r  t i d a l  stream i n  which i t  
was produced. 

Chr i s t i an  e t  al. (1981) used oxygen 
uptake t o  measure microb ia l  metabol ism. 
Resp i ra t ion  rates o f  subt idal  sediments 
and o f  s o i l s  i n  the area o f  t a l l  smooth 
cordgrass were comparatively h igh ( Q 1 °  = 
1.20) r e l a t i v e  t o  s o i l s  i n  the shor t  
snootll cordgrass areas (QIO = 1.27); a l l  
var ied seasonally. The low Q~~ values 
i nd i ca te  the predominant r o l e  t h a t  physi- 
cal ra the r  than b io log i ca l  processes p lay 
i n  the t r a n s f e r  process. 

4.1.3 Grazing - 

I n  snooth cordgrass marshes l e s s  than 

10% o f  t he  p lan ts  are grazed; most biomass 
eventual 1y  enters the  d e t r i t u s  foodweb 
( P f e i f f e r  and Wiegert 1981). Aerobic 
heterotrophs which inc lude insec ts  and am- 
phipods feed on POC i n  the 1 i t t e r  l a y e r  i n  
the  a i r ,  water column, and sediments. 

H ig ley  and Hol t on  (1981) have shown 
t h a t  there  i s  a d iverse  community o f  i n -  
sects i n  Oregon marshes, b u t  the  f l u x  o f  
mater ia l  through them has not  y e t  been 
measured. Insect  s tud ies  ind ica ted t h a t  
Diptera and Homoptera (w i th  1 arge numbers 
i n  the lower marsh) comprised most o f  the 
insec ts  caught i n  sweeps i n  the marshes of 
Coos Bay. Energy f l ow  studies ind ica ted 
1 eafhoppers (Cicadel 1 idae)  consurnerf 7.3% 
o f  sal tgrass product ion w i t h  2% being 
assimi lated;  thus, a s s i m i l a t i o n  e f f i c i e n c y  
was 27.5% (Hoffnagle e t  a1 . 1976). Simi- 
l a r  values are reported by Small ey (1960, 
as c i t e d  i n  Hof fnagle e t  a l .  1976) f o r  
insects o f  At1 a n t i c  coast snooth cordgrass 
marshes. Therefore both  i n s e c t  assem- 
blages o f  northwest marshes and t h e i r  
energet ics resemble those found i n  east 
coast  narshes . 

Hoffnagle e t  a l .  (1976) have studied 
the  r o l e  o f  marsh qrass d e t r i t u s  i n  the 
d i e t s  of the bay missel ( M y t i l u s  edul i s )  
and the Japanese o y s t e r  (Crassostrea 
g igas) .  I n  order t o  s imula te  the  natural  
d i e t ,  d e t r i  t a l  p a r t i c l  es were prepared by 
gr ind ing  dr ied  p lan t  ma te r i a l  i n  f i l  t e r d  
seawater. The re1 a t i  ve importance o f  d i f -  
f e ren t  food sources fo r  bay mussels (as 
measured by s u r v i v a l )  i s  as fo l lows:  
Lyngbye's sedge, sal tgrass, pick1 eweed, a 
mix ture  o f  4 p lan ts  ( t he  above 3 p lus bu l -  
rush), phytopl ankton, bul rush, and eel- 
grass. For the  Japanese oyster ,  p i ck le -  
weed appeared t o  be the most important 
fo l lowed by sal tgrass, phytoplankton, bul -  
rush, Lyngbye's sedge, n i x e d  marsh p lants,  
and eel grass. 

4.1.4 Food Webs 

For many s p e c i f i c  problems i t  i s  use- 
f u l  t o  decompose small pa r t s  o f  t h e  gener- 
a l  model i n t o  submodel s. For example, 
food webs invo lv ing  salmonids are  o f  com- 
mercial importance i n  the P a c i f i c  North- 
west and have been descr ibed by a nuniber 
o f  workers inc lud ing  Northcote e t  a l .  



(1979) from whom the fo l l ow ing  examples 
were taken. A t  l e a s t  s i x  f i s h  species and 
s i z e  c l  dsses (1 eopard dace, 1 argescal e 
sucker adults, p r i c k l y  scul p i n  juveni les,  
mountain whi t 2 f  ish,  j uven i l  e  chum salmon, 
and s t a r r y  f lounder  juven i les)  o f  the  low- 
e r  Fraser R ive r  estuary may be inc luded i n  
a food ereb cons is t ing  o f  th ree compart- 
ments: 

benthophagous 
d e t r i t u s  - benthos - fishes  

I n  contrast ,  the la rgesca le  sucker ( ~ 3 0 0  
mm), chinook salmon (150 mm), threespine 
s t i c k 1  eback, peanouth chub (<75 mm), red- 
s i d e  shiners, and j u v e n i l e  sockeye sal inon 
a r e  involved i n  a more cornplex food web. 
T e r r e s t r i a l  insec ts  and northern squawfish 
jcrveni l  es c o n t r i b u t e  up t o  43% o f  the d i e t  
o f  the 1 a t t e r  two species. The resul  ti ng 
foodchain i s :  

1 arge 
de t r i t us -  benthos - benthophagous 

t 
zoopl ankton' and/or 

t e r r e s t r i  a1 
insec ts  

Where small f i shes  are prey the food 
web becomes : 

l a r g e l y  o r  

d e t r i t u s -  benthos- p a r t i a i  l y  
benthophaqous 

f i shes -  
/ t 

zoopl ankton / 1 
and/or 

/ 

__C 
small 

t e r r e s t r i a l  i nsects f i shes  

P r i c k l y  scul p i n  ('50 mm), whi te sturgeon 
(125 t o  720 mm), s t a r r y  f lounder ('100 
mm), staghorn scul p i n  (100 t o  300 mm), 
nor thern  squawfish (>I50 mm), Do1 l y  Varden 
(181 t o  430 mm), and peamouth chub (75 t o  
150 mn) are involved i n  t h i s  food web. 

Chinook salmon juveni les (50 t o  110 
mn i n  l eng th )  and peamouth chub adu l ts  are 
n o t  s t r i c t l y  benth ic d e t r i t i v o r e s .  A 
l a r y e  p o r t i o n  (32%) o f  the d i e t  o f  juve- 

n i l e  chinook salmon i s  f i sh ,  and i n  the 
case o f  peamouth chub adul ts ,  19% o f  t h e i r  
d i e t  cons is ts  o f  benth ic suspension feed- 
e rs  and 25% o f  f i sh .  O f  course the ben- 
t h i c  suspension feeders and the  f i s h  ( v i a  
zoopl ankton) are dependent on suspended 
d e t r i t u s  coming from tne  benthic d e t r i t u s  
source. 

The stomach contents o f  f i s h  co l l ec t -  
ed a t  Netarts and S i l e t z  Bays were analyz- 
ed by Hig l  ey and Hol t o n  (1981). Terres- 
t r i a l  prey, inc lud ing  a d u l t  insects and 
spiders i n  small q u a n t i t i e s  and dipterous 
l a rvae  and pupae, were consumed on ly  by 
the chum salmon. Churn salmon a1 so fed on 
f l a t f i s h  1 arvae and cumaceans (Hemil eucon 
spp. ) . Staghorn scul pin, threespine 
st ick leback,  and j uven i l e  chum salmon con- 
sumed p r i m a r i l y  aquatic animal s, anphip- 
ods, harpac t ico id  copepods, cu~naceans , 
01 igochaetes, and pol ychaetes. S tar ry  
f lounder a te  most ly  decapod 1 arvae, adu l t  
Cal l  ianassa, and amphi pods. The major 
food o f  t he  r e s t  o f  the f i s h  i n  the 
marshes and ad jo in ing  hab i ta t s  consisted 
o f  amphipods, isopods, tanaids, poly- 
chaetes, cumaceans, copepods, d ipterous 
l a rvae  and pupae, and f i s h .  

The t i d a l  creeks i n  the Skagi t  R iver  
sal t marsh o f  Washington's Puget Sound 
provide feeding grounds f o r  l a r g e  numbers 
o f  chum and chinook f r y  (200 t o  800 f r y  
per 100 m i n  A p r i l )  (Congl eton and Smith 
1976). The i r  d i e t s  cons i s t  mostly o f  
Corophiu~n, harpac t ico id  copepods, and i n -  
sect adul ts ,  larvae,  and pupae. The high 
dens i t y  o f  f ry and the f a c t  t h a t  most were 
c o l l  ected w i t h  f u l l  stomachs supports the 
idea t h a t  t h i s  marsh serves as an impor- 
t a n t  feeding area. I n  add i t ion ,  Congleton 
( c i t e d  by Pleyer 1979) has found t h a t  prey 
numbers increase i n  the  marsh by l a t e  
March before the epibenthic populat ion i n  
Skagi t  Bay has had a chance t o  b u i l d  up. 
Thus, the  marsh provides food f o r  salmon 
juven i l es  dur ing  the per iod o f  t ime t h a t  
food reserves i n  the bay are i n  shor t  sup- 
p l y *  

4.1.5 Uses o f  t he  Marsh 

The most extensive work on the u t i l  i- 
z a t i o n  o f  t i d a l  marshes o f  the P a c i f i c  
Northwest by var ious f i s h  has been con- 



ducted by researchers a t  the  Westwater 
Research Center, Un ive rs i t y  o f  B r i t i s h  
Columbia i n  Vancouver. Most o f  t he  work 
has been done on the  marsh creeks o f  t he  
Fraser R iver  Estuary. Only 32% o f  the 
Fraser 's  o r i g i n a l  wetland area has no t  
been diked, and there  i s  a great  deal o f  
i n t e r e s t  i n  1 earning the value o f  the wet- 
ldnds i n  order t o  p ro tec t  them from f u r -  
ther  urban- i n d u s t r i a l  devel opnent. They 
are 1 ocated on the  Pac i f i c  Flyway and are  
there fore  thought t o  be c r i t i c a l l y  impor- 
t dn t  t o  migratory waterfowl as wel l .  I n  
order t o  assess whether o r  no t  marshes a c t  
as rear ing  grounds f o r  j u v e n i l e  salmon, 
Westwa t e r  Research Center s c i e n t i s t s  
studied f i s h  d ie ts ,  the u t i l i z a t i o n  o f  the  
estuary, and hab i ta t  cha rac te r i s t i cs  asso- 
c ia ted  w i t h  h igh numbers o f  salmon. Most 
o f  t he  remainder o f  the d iscussion i n  t h i s  
sec t ion  i s  based on r e s u l t s  reported i n  
Westwater pub1 ica t ions .  

Chinook salmon spawn the  l eng th  o f  
the Fraser River as f a r  as 1000 kn up- 
stream from the estuary. There are  two 
types o f  chinook adults: smal ler  (-15 1 b) 
red-fleshed f i s h  t h a t  r e t u r n  from the 
ocean dur ing the summer, and l a r g e r  (-20 
l h )  whi te- f leshed f i s h  t h a t  r e t u r n  from 
the ocean during the f a l l .  White chinook 
spawn i n  the lower Fraser R ive r  whi l  e  red 
chinook spawn i n  the upper r i v e r  t r i b u t a r -  
ies. Those spawning i n  t h e  upper r i v e r  
produce f r y  which remain i n  the  freshwater 
t r i b u t a r i e s  f o r  e i t h e r  3 months o r  one 
year. These f r y  spend l i t t l e  t ime i n  res- 
idence i n  s a l t  marshes on t h e i r  way t o  the  
ocean. However, the recen t l y  hatched 
wh i te  chinook f r y  o f  the lower  r i v e r  do 
use the marshes as rear ing grounds (Levy 
and Northcote 1981). Levy and Northcote 
suggest t h a t  perhaps the d i f f e rence  i n  
marsh u t i l  i z a t i o n  stems from the prox imi ty  
o f  t he  spawning s i t e  t o  the  estuary. Low- 
e r  r i v e r  chinook might  have a h igher r a t e  
o f  surv iva l  i f  they spend a per iod o f  t ime 
i n  the product ive marsh waters. On t h e  
o ther  hand, the chinooks frorn f u r t h e r  up 
the r i v e r  might b e n e f i t  more from a longer  
residence time i n  t he  freshwater which 
would prepare them f o r  t h e i r  longer  and 
more r igorous journey down the tu rbu len t  
r i ve r .  

The food web o f  the Fraser De l ta  i s  

d e t r i t u s  based. Estuar ine f i s h  o f  the  
major  arms o f  the Fraser R iver  r e l y  p r i -  
m a r i l y  on the benthos, i.e., secondary 
production. Most benth ic  inver tebra tes  i n  
t u r n  feed on the d e t r i t u s  enter ing the  
estuary f r a n  t e r r e s t r i a l  sources upstream 
i n  the watershed and from adjacent  
marshes. Marsh vegetat ion occurs along 
the  i s1  ands, sloughs, and s ide  channels, 
bu t  the diked r i v e r  banks l a c k  l a r g e  
amounts o f  macrophytic vegetat ion. b r t h -  
co te  e t  a l .  (1979) f e l t  t h a t  i n  temperate 
areas such as the P a c i f i c  Northwest feed- 
ing  on the d e t r i t u s  i t s e l f  would prove un- 
re1 i a b l  e f o r  the f i s h  s ince the amount o f  
d e t r i t u s  i n  the r i v e r  and estuary va r i es  
seasonally. I n  t r o p i c a l  es tuar ies ,  where 
organic matter  i npu t  i s  more constant, 
f i s h  do feed mainly on d e t r i t u s .  

Northcote e t  a l .  (1979) analyzed the  
stomach contents o f  21  species o f  f i s h  
co l l ec ted  over a one-year per iod on the  
mainstream lower Fraser River .  The hu l k  
o f  the d i e t s  o f  most o f  these f i s h  came 
from the benthos. Chironomid l a rvae  were 
a dominant food item f o r  most o f  the r e s i -  
dent species as we l l  as f o r  the j u v e n i l e  
salmon migrants. T e r r e s t r i a l  i nsec t  pro- 
duc t ion  was u t i l i z e d  on ly  by the sockeye 
j u v e n i l  es. As they migrated downstream, 
90% (by weight o r  numbers) of t h e i r  d i e t  
consisted o f  insects,  ma in ly  d ipterans.  
I n  general, d i e t s  d i d  no t  vary g r e a t l y  
seasonally. The f i shes  o f  t h i s  area u t i -  
1 i z e  many d i f f e r e n t  prey types, as do many 
nor th  tanperate f ishes.  Northcote e t  a1 . 
(1979) i d e n t i f i e d  21 prey classes. A g i v -  
en species may use up t o  12 o f  the  possi- 
b l e  21 classes, bu t  an i n d i v i d u a l  o f  t h a t  
species r e s t r i c t s  i t s  prey t o  between 1.2 
and 3.5 prey c l  asses, probably a r e s u l t  o f  
p a r t i c u l a r  prey being most abundant i n  a 
1 ocal i zed area. 

Tab1 e 15 ranks prey items o f  the dom- 
i n a n t  f i shes  of the Fraser 's  Woodward I s -  
l and  marsh t i d a l  channels, Few salmon f r y  
were found i n  the stomachs o f  f i s h  preda- 
t o r s  i n  t he  t i d a l  channels. A1 though f i s h  
are  important i n  t he  d i e t  o f  the  l a r g e  
staghorn scul pin, salmon f ry  made up only 
a small p ropor t ion  o f  t h e i r  d i e t .  Perhaps 
t h e  marsh hab i ta t  i s  p rov id ing  the young 
salmon w i t h  refuge from predators (Levy e t  
a l .  1979). 



Levy e t  a1 . (1979) a1 so re1 ated prey f r y  (43 mm mean leng th )  fed on both har- 
preference t o  predator size. The d i e t  of pac t i co id  and i nsec t  pupae; and the l a  - 
t h e  small p ink  salnon fry (34 mm mean e s t  f ry ,  t he  Chinook (49 m mean 1 engtJ, 
l eng th )  c o l l e c t e d  i n  Fraser Marsh creeks fed mostly on i n s e c t  pupae. 
consisted most ly  of harpact i co ids ;  chum 

Tab1 e 15. Re1 a t i v e  importance of prey items o f  the  dominant f i shes  o f  Woodward I s1  and 
marsh channels. Ranking index = (frequency + volume percentage) percent occurrence. 
(modif ied from Levy e t  a1 . 1979). 

Species 
Order o f  r e l a t i v e  importance* 

1 2 3 4 5 
- - 

Anadromous species 

Chinook smol t 

Chun fry 

Pink fry 

Sockeye f ry  

Chinook f r y  

Longf in smelt 

Marine species 

Staghorn scul p i n  

Starry f lounder  

Paci f i c  he r r i ng  

Freshwater Species 

Threespine s t i ck1  eback 

P r i c k l y  scul p i n  

*a = Fish. 

Harpact i c o i d  copepod. 
Insec t  adu1 t. 
Insec t  pupa. 
I nsec t  1 arvae. 



Occurrence, d l  s t r ibut ion,  and res i -  
dency pat terns were obtained f o r  the  domi- 
nant f i sh  species of the marsh t i d a l  chan- 
nels o f  Woodward Is land i n  the Fraser 
Rlver by Levy e t  a1 . (1979). F ish were 
trapped i n  these marsh channels when the 
t i d e  began t o  ebb. Captured salmonids 
were marked w i t h  f luorescent  g r i t  and used 
i n  recapture s tud ies  for residency deter- 
minations. Dur ing 124 sampling days, 31 
species o f  f i s h  were collected. Juveni le 
salmon (pink, chum, and chinook) were 
taken between February and August but  were 
most abundant between March and June. 
Five species occurred most consistent ly :  
longf in  smel t, s t a r r y  flounder, staghorn 
scul pin, threespine stickleback, and pea- 
mouth chub. Di f ferences i n  maximum densi- 
t i e s  and t im ing of the seasonal peak 
occurred between channels. 

Levy and Northcote (1981) were able 
t o  describe two f l s h  communities occupying 
t i d a l  channels o f  the Fraser marshes. 
Salmonlds, scul p ins,  and s tar ry  flounders 
were assocl ated w f  t h  large t i d a l  channels 
whi le s t i ck lebacks  and peamouth chubs 
occupied those t i d a l  channels f a r  i n t o  the 
marsh. Levy e t  al. (1979) found t h a t  dis- 
t r i b u t i o n  w i t h i n  the  t i d a l  channels also 
varied. St ick lebacks were concentrated 
f a r  i n t o  the  t i d a l  channel whereas stag- 
horn sculpins and s ta r r y  flounders were 
most abundant near the mouth of the chan- 
nel,  The j u v e n i l e  salmon were abundant a t  
both ends o f  the  channel. On ebb1 rig t ides  
the f i r s t  o f  t he  salmon to  emigrate frm 
the t i d a l  channels were the pink followed 
by the chum; t h e  chinook remained i n  the 
channel the  longest. Juvenile salmon, 
especi a1 l y  chinook, migrated a1 so between 
channel s , 

Size of the juven i le  salmon changed 
over the sampl i ng period. Juveni le chi -  
nook showed the  greatest  increase i n  aver- 
age size, Juven i l e  chum showed a small 
increase and j u v e n i l e  pink showed no 
change. 

Large numbers of juveni le chinook 
were recaptured a f t e r  1 month, whi le few 
p ink  salmon were recaptured. Recapture 
ra tes  o f  j u v e n i l e  C ~ W  salmon were i n t e r -  
mediate (Levy e t  a1 . 1979). These recap- 
tu re  patterns, coupled wi th d i f f e r e n t i a l  

weight gains and the fac t  t h a t  the  p ink  
salmon were the f i r s t  t o  leave the  marsh 
t i d a l  channels wh i le  t he  chinook remained 
the  longest, i nd i ca te  t h a t  j u v e n i l e  p ink  
salmon d id  not  have extended marsh res i -  
dency. On the other  hand, chum and espe- 
c i a l l y  chinook salmon did. 

The Fraser estuary conta ins 3,563 
hectares (8,801 acres) of marsh. As d i  s- 
cussed previously, j u v e n i l e  chum and ch i -  
nook salmon use these areas as rear ing  
grounds. Hundreds o f  m i l l i o n s  o f  these 
two species migrate down the  r i v e r  annual- 
l y ,  and huge numbers o f  them are present 
i n  the marshes between March and June each 
year (Levy and Northcote 1981). I n  an 
e f f o r t  t o  p ro tec t  a t  l e a s t  the most valua- 
b l e  par ts of the marsh from f u r t h e r  devel- 
opment and a l t e ra t i on ,  i t  i s  necessary t o  
know what h a b i t a t  cha rac te r i s t i cs  provide 
f o r  the r i c h e s t  and most used rear ing  
grounds. Levy and Northcote (1981) found 
t h a t  cons is ten t ly  low catches o f  chinook 
f r y  were caught i n  c e r t a i n  marsh t i d a l  
channels. To determine which fac tors  a r e  
important i n  a t t r a c t i n g  these f i s h  t o  cer- 
t a i n  other marsh channels, Levy and North- 
co te  (1981) measured 22 h a b i t a t  character- 
i s t i c s .  They found t h a t  12 o f  these were 
s i g n i f i c a n t l y  cor re la ted  w i t h  the number 
o f  chinook f ry  captured. The s i g n i f i c a n t  
cha rac te r i s t i cs  were: mouth width, sta- 
t i o n  width (width o f  channel a t  sampling 
s i t e ) ,  channel length, channel order  (a 
ranking based on a ser ies  o f  22 poss ib le  
features) , sub-channel length,  mean angle 
o f  the channel bank, t i d a l  slope, h igh  
t i d e  height,  t i d a l  channel area, bank ele- 
vat ion, area o f  subt idal  refugia,  and the 
number o f  hours o f  t i d a l  channel submer- 
gence p r i o r  t o  sampling. Many o f  these 
var iables are  h igh l y  co r re la ted  w i t h  each 
other. 

I t  may be possib le t o  p inpo in t  the 
best rear ing  ground areas using the above 
informa t ion. For example, bank e leva t i on  
was inverse ly  re la ted  t o  the  catches o f  
chinook f r y ,  i nd i ca t i ng  t h a t  the f r y  a re  
more l i k e l y  t o  u t i l i z e  low e levat ion  marsh 
areas (Levy and Northcote 1981). 

Chinook juveni les var ied  i n  s i ze  as 
w e l l  as i n  recapture r a t e  i n  various marsh 
t i d a l  channels i n  the estuary. During 



t h e i r  survey, Levy and Morthcote (1981) 
found t h a t  the t i d a l  channels o f  Woodward 
I s l a n d  were the s i t e  o f  the chinook having 
the  l a rges t  s ize ,  t h e  h ighest  recapture 
r a t e ,  and the g rea tes t  abundance. biood- 
ward Is land a l so  has the l a r g e s t  area o f  
rea r i ng  h a b i t a t  - the greatest  marsh t i d a l  
channel and backwater area. It i s  there- 
f o r e  considered t o  be the most important 
rea r i ng  ground i n  t ha t  area o f  the  
estuary, 

The Sixes and Rogue Rivers l ack  the 
marshes c h a r a c t e r i s t i c  o f  t he  Fraser R iver  
estuary. I n  t h e  Sixes River  i n  Oregon, 
Reimers (1973) found t h a t  chinook reared 
i n  the estuary had a  h igher surv iva l  r a t e  
t o  the adu l t  stage than d i d  those reared 
outs ide  the  estuary. Shoaling occurs a t  
the  mouth o f  t h a t  estuary and i n h i b i t s  
f low to  the ocean. Th is  causes low shore- 
lands t o  become inundated and, w i th  the  
entrapment o f  n u t r i e n t - r i c h  ocean water, 
increases the p r o d u c t i v i t y  o f  the  estuary 
(Ra tti 1979). 

Opposite r e s u l t s  were found i n  the 
Rogue River i n  Oregon. Twenty years ago, 
extensive shoal ing occurred a t  t he  mouth 
o f  t h e  Rogue River  which encouraged juve- 
n i l e  chinook t o  spend considerable t ime 
rea r ing  i n  t he  Rogue Estuary. Now, due t o  
t h e  j e t t i e s  and channel izat ion a t  the 
mouth, t he  chinook spend l ess  t ime rear ing  
the re  ( R a t t i  1979). 

The e f f e c t s  o f  shoal i ng and associ a  t- 
ed increases i n  p r o d u c t i v i t y  i n  t h e  Sixes 
may produce some o f  the same e f f e c t s  as 
occur i n  the Fraser. Perhaps the  Sixes 
and the Fraser es tuar ies  are  bes t  sui ted 
fo r  those types of salmon which bene f i t  
from the use o f  such product ive  marsh 
areas and the re fo re  spend t ime there  on 
t h e i r  journey t o  the ocean. 

Questions t h a t  s t i l l  need answering 
inc lude:  do those f i s h  t h a t  res ide  i n  the 
estuary and i t s  t i d a l  marshes f o r  some 
per iod  o f  t ime have b e t t e r  su rv i va l  ra tes  
than those t h a t  don't?; what are the  popu- 
l a t i o n s  o f  those areas o f  t h e  t i d a l  
marshes n o t  y e t  sampled?; what p ropor t ion  
o f  the m ig ra t i ng  fry reside i n  t h e  estua- 
r i e s '  marshes?; which o f  the  r i v e r ' s  
stocks c o n t r i b u t e  t o  the es tuary  res i -  

dents? I f  surv iva l  ra tes  of estuary r e s i -  
dents prove t o  be b e t t e r  than the  others 
and if the marshes are  found t o  be under- 
u t i l i z e d ,  then perhaps a r t i f i c i a l l y  pro- 
duced f r y  cou ld  be given a  b e t t e r  chance 
o f  surv iva l  by being released d i r e c t l y  
i n t o  t h e  marsh r a t h e r  than a t  s i t e s  f u r -  
t he r  up the  r i v e r  (Levy and Northcote 
1981)- 

4.2 MINERAL CYCLING I N  THE MARSH 

Mineral cyc l i ng  i n  marshes o f  the  
P a c i f i c  Northwest has not  been studied ex- 
tens ive l  y. Gal 1  agher and K i  bby (1980) 
have measured f l uxes  o f  t race metals from 
s o i l  t o  plants, b u t  the turnover was not  
fo l lowed through the  r e s t  o f  the  foodweb, 
Tjepkema and Evans (1976) have measured 
ra tes  o f  n i t r ogen  f i x a t i o n  i n  various 
p lan t  species. The i r  s tudies focused on 
B a l t i c  rush, but  t e s t s  w i t h  t u f t e d  ha i r -  
grass, seaside p lan ta in ,  and pickleweed 
a lso  produced p o s i t i v e  resu l ts .  As a  
resu l t ,  Tjepkema and Evans (1976) specu- 
l a t e d  t h a t  the assoc ia t ion  between n i t r o -  
gen f i x a t i o n  and wetland p lan ts  i s  wide- 
spread. Although the bac te r i a  were p r i -  
m a r i l y  associated w i th  the  rhizomes and 
la rge roots, ne i t he r  t h e i r  nature nor 
t h e i r  exact l o c a t i o n  i s  known. We have no 
reason t o  be l ieve  t h a t  processes o f  n i t r o -  
gen f i x a t i o n  by anaerobic bac ter ia  and de- 
n i t r i f i c a t i o n  are proceeding any d i f f e r -  
e n t l y  than i n  A t l a n t i c  coast  marshes. The 
P a c i f i c  Northwest s o i l s  range from organic 
t o  mineral and are o f ten  saturated w i th  
sal  i n e  water. Physical condi t ions are  
s im i l a r ;  rates, bu t  no t  types, of pro- 
cesses probably d i f f e r .  

Amrnonification and n i t r i f i c a t i o n  
1  i kewi se have no t  been evaluated, nor have 
var ious aspects o f  the phosphorus cycle. 
Data c o l l e c t e d  on gradients o f  phosphorus 
i n  Netar ts  Bay l e d  us t o  be l ieve  the t i d a l  
marsh may be export ing phosphorus dur ing 
the  summer months. Simil  a r  measurements 
w i th  n i t r ogen  forms ind ica ted an import 
from nearshore upwell  i ng. The nitrogen, 
su l f u r ,  and phosphorus cycles i n  marshes 
have been r e c e n t l y  summarized by Uhi tney 
e t  al .  (1981) and Wiebe e t  al. (1981) for 
A t l a n t i c  coast marshes. There i s  no rea- 
son t o  suspect t h a t  they a re  g r e a t l y  d i f -  
f e ren t  i n  marshes o f  the P a c i f i c  North- 
west. 



4.3 INTERACTIONS BETWEEN THE MARSH AND w i t h  mammals. We have observed deer graz- 
ADJACENT ECOSYSTEMS ing some marsh plants such as arrow-grass, 

t u f t e d  hairgrass, and sal tgrass. Up1 and 
One of the  important features of b i r d s  may feed on marsh i nsec tsandmarsh  

t i d a l  marshes i s  t h e i r  ab i l  i ty t o  i n t e r a c t  PI ant seeds, a1 though documentation f o r  
read i l y  w i th  adjacent ecosystems, This is these pathways i s  scanty f o r  P a c i f i c  
made possib le by the f lood ing and ebbing NOrthwest marshes. There i s  add i t iona l  
of the t i d a l  waters which sol u b i l  i z e  many n u t r i e n t  i n te rac t i on  associated w i t h  run- 
substances and carry t h m  t o  and from t h e  of f  of rainwater which c a r r i e s  dissolved 
marsh. Because water i s  dense, i t  can n u t r i e n t s  and p a r t i c u l a t e  mat ter  from the 
car ry  p a r t i c u l a t e  mater ia ls  rang ing i n  h igher e levat ion  system t o  the next lower 
s i ze  from microscopic d e t r i t u s  to D ~ ~ ~ -  One. D i rec t  exchanges a l so  occur between 
l a s - f i r  logs, The d r i f t  l o g s  f requent ly  uplands and t i d a l  f l a t s  o r  stream channels 
strand and accumulate i n  many p a r t s  of the  w h e n e i t h e r  d i r e c t l y  abuts h igh ground. 
upper i n t e r t i d a l  zone; they a r e  a major Where the topography i s  steep, d i r e c t  
fea ture  o f  P a c i f i c  Northwest marshes. are Common- 
Because o f  t h e i r  slow turnover  r a t e  and 
la rge  mass, l o g s  can be a l o n g - t e r n  d i s -  Exchanges between t i d a l  marsh and 
rup t i ve  force as they move d u r i n g  major t i d a l  f l a t  are p r i m a r i l y  i n  the  form of 
storm events. DOC and POC from marsh p lants  and dissolv-  

ed nu t r i en ts  leaching from than and possi- 
b l y  from the so i l .  Tidal f l a t s  may export 

F igure 18 represents a conceptual d issolved organic and inorganic compounds 
model o f  some o f  the major f l o w s  o f  energy t o  the  marsh on r i s i n g  t i d e s =  Eelgrass 
and nu t r i en ts  between coastal  up1 ands, and macroalgae per fom the r o l e  of marsh 
t i d a l  marshes, t i d a l  f l a t s ,  and subt ida l  plants at the tidal f l a t  elevation* In- 
stream channels ( the  par t  of t h e  estuary vertebrates a t  the sediment-air and sedi- 
always contain ing water) i n  t h e  Pac i f i c  ment-Water i n te r face  and w i t h i n  the sedi- 
Northwest. L i ke  a l l  conceptual models, i t  ment p lay a much ro le  on 
i s  a simp1 i f i c a t i o n  of real  jty. Me have the  f l a t s  than i n  the marsh. AS i n  a l l  
no t  s p e c i f i c a l l y  shown a m i c r o b i a l  corn- ~ C O S Y S ~ ~ ~ ,  fungi and bac te r ia  p lay  a 
partment bu t  have assumed they a r e  ub iqu i -  p i v o t a l  r o l e  i n  the degradation Process of 
tous. Documentation o f  the magnitude of whole p lants  t o  inorganic nu t r i en ts  
f luxes i s  poor i n  a l l  cases. S o i l ,  water, through PoC and DOC- 
and a i r  zones are shown where appropr ia te ;  
we dep ic t  the major b i o t i c  ecosystem com- Tidal  f l a t s  probably i n t e r a c t  more 
ponents as being pa r t  o f  one or several o f  with the subtidal stream than 
these zones. interactions between each w i t h  the marshes because t i d e s  connect 
zone connected by water are  shown w i t h  them d a i l y  whereas t i d e s  ca r ry  mater ia ls  
fused arrows t o  represent an easy exchange the marshes less A1 
because of t he  water. Connections w i t h  the extent this Interaction has 
coastal up1 ands are represented w i t h  been prec ise ly  quanti f ied, there i s  a 
c l  osed arrows because exchanges a r e  not as rather large export eel  grass and* to a 
r e a d i l y  accompl ished. l e s s e r  extent, macroalgae from the t i d a l  

f l a t s  t o  the marsh (Gallagher e t  a l .  i n  
press, b). The amount o f  eel grass being 

The p r inc ipa l  d i r e c t  exchanges be- exported t o  the marsh i s  greater  than 
tween the  coastal upland and t h e  t i d a l  would be expected on the basis of normal 
f l a t s  and stream channels are  through the t i d a l  in terac t ions ;  much of t he  eelgrass 
movements o f  b i rds  and mammals from the  i s  broken loose from the beds by wave 
upland which feed i n  the l o w e r  zones on ac t i on  during storms when t i d e s  are high 
f i s h  and invertebrates. T h e i r  excrement i n  the  f a l l  These events r e t u r n  a por- 
may represent a transport i n  e i t h e r  d i rec-  t i o n  of the nu t r i en ts  l o s t  from the marsh 
t i o n  depending on where fo rag ing and ex- b y  t i d a l  exchange and, t o  an extent, c lose 
c re t i ng  occur. Between the up1 and and the the  cyc1 ing w i t h i n  the t i d a l  fl a t h a r s h  
t i d a l  marsh s i m i l a r  exchange may occur c o m ~ l  ex and t-educe the l o s s  of energy- and 
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f i g u r e  18. Conceptual model o f  energy o r  mater ia l  f low between t i d a l  marshes and o ther  
coastal ecosystems i n  the  P a c i f i c  Northwest. 

n u t r i e n t - r i c h  compounds t o  t h e  subt idal  
stream channel s. 

Exchanges from t i d a l  f l a t s  t o  sub- 
t i d a l  stream channels occur tw ice  d a i l y .  
The i n t e r a c t  ions invo l  ve the f u l l  spectrum 
o f  ma te r i a l s  from n u t r i e n t s  t o  f i s h  on 
t h e i r  way t o  feed i n  t i n y  marsh creeks. 
Based on the  prev ious ly  discussed infonna- 
t i o n  from the  B r i t i s h  Columbia estuaries, 
i t  seems probable t h a t  the major r o l e  
played by the  wetlands i n  t h i s  coastal 
f i s h e r i e s  food web i s  t o  provide a nursery 
ground. That r o l e  i s  p rov id ing  a she1 t e r -  
ed hab i ta t  and producing POC and DOC which 
enter  the stream channels t o  be u t i l i z e d  

e i t h e r  by bac te r i a  which are l a t e r  consum- 
ed by inver tebra tes  o r  d i r e c t l y  by inver-  
tebrates which a re  food f o r  various spe- 
c i e s  o f  j u v e n i l e  salmon. The residence 
t ime o f  t h e  f i s h  i n  t he  marsh-bordered 
estuary depends on the species. 

These ecological  in te rac t ions  w i t h i n  
t he  t i d a l  marshes and between the marshes 
and adjacent ecosystems must be understood 
before wise decis ions about wet1 ands man- 
agement can be made. It i s  not enough 
j u s t  t o  know what organisms w i l l  be d i -  
r e c t l y  af fected.  The second and t h i r d  
order i n t e r a c t i o n s  may be the ones on 
which the dsc i s ion  should be based. 



CHAPTER 5 

MAMGEMEM 

5.1 SENSITIVITY TO WTURAL AND CULTURAL 
PERTURBATI 0 6  

There i s  concern t h a t  the  t rue  value 
o f  the  t i d a l  marsh t o  estuar ine product iv-  
i t y  w i l l  be real  ized too l a t e  - a f t e r  many 
o f  t h e  remaining marsh1 ands are destroyed 
by 1 a n d f i l l  s and development. Only re- 
c e n t l y  have inves t iga tors  begun t o  study 
marsh u t i l i z a t i o n  by salmon and other  
f i shes  and assess q u a n t i t a t i v e l y  t he  s ig -  
n i f i cance  o f  t h i s  h a b i t a t  t o  western f i sh  
stocks. I n  the Fraser River estuary most 
o f  the f i s h  populat ions are dependent on a 
re1 a t i  vely small array o f  benthic inver te -  
brates,  many o f  which are t i d a l  marsh 
creek i nhab i tan ts  ( k r t h c o t e  e t  a1 . 1979). 
A1 t e r i n g  t h e  species composition o f  the 
benthos w i t h  various land o r  water manage- 
ment p ro jec t s  which would change the 
supply o r  t im ing o f  d e t r i t u s  f low from 
upstream could be very detr imental t o  the 
food supply o f  the f i shes  downstream 
(Northcote e t  at.  1979). 

D ik ing  the marshes has been a long 
prac t iced method o f  increasing agr icu l  t r a l  
1 and bu t  one which may decrease f i she r ies .  
Levy and Northcote (1981) concluded t h a t  
j u v e n i l e  salmon use the e n t i r e  l eng th  o f  
t i d a l  channel s and, therefore, t ha t  d i k i n g  
even a po r t i on  o f  a marsh area can s i g n i f -  
i c a n t l y  reduce the estuary 's  capacity as a 
rear ing  ground. Recall from Chapter 4 
t h a t  the white-f leshed chinooks o f  the 
Fraser R ive r  res ide  i n  the estuary f o r  a 
per iod o f  weeks o r  months before migra t ing  
t o  sea w h i l e  the red-f leshed chinooks, 
o r i g i n a t i n g  f u r t h e r  upstream, spend a 
longer  t i n e  i n  the  freshwater and a re  i n  
the  estuary only b r i e f l y .  Estuarine popu- 
1 a t i ons  o f  juven i les  make an important  
c o n t r i b u t i o n  t o  t he  commercial and recrea- 
t i o n a l  catch o f  white-f leshed chinook and 
probably t o  some extent t o  t h a t  o f  the  

red-f leshed chinook (Levy and Northcote 
1981). Levy and Northcote (1981) a l s o  
suggest t h a t  i t  may be poss ib le  t o  use the  
res ident  j u v e n i l e  popul a t i o n  i n  t h e  estu- 
a r y  as an index o f  the abundance o f  
re turn ing  adu l t  chinook stock. 

Many marshes, diked o r  undiked, a re  
grazed by domestic animals; these prac- 
t i c e s  can a1 so a1 t e r  the system apprecia- 
b ly .  Not on ly  i s  p l a n t  product ion o f  
d e t r i t u s  reduced, bu t  n u t r i e n t  cyc les are  
a l t e red  and the  s o i l s  p h y s i c a l l y  compacted 
dur ing  grazing. The consequence o f  these 
a1 te ra t i ons  has no t  been thoroughly 
assessed i n  t he  P a c i f i c  Northwest. The 
r o l e  o f  the  marsh i n  absorbing storm t i d e s  
i s  1 i t t l e  changed, and the grazed, undiked 
marsh continues t o  perform a l l  i t s  func- 
t i o n s  i n  the coastal zone al though i n  a 
somewhat a1 tered fom.  

Logging operat ions near the  es tuar ies  
may a1 so 1 ead d i r e c t l y  t o  damage when 
marshes are  used as l o g  storage areas. 
Escaped logs  may end t h e i r  journey on 
marshes; t h e i r  e f f e c t s  may be long- 
1 a s t i  ng. (With decomposition ha1 f -1 i ves 
measured i n  decades, l ogs  can smother 
marsh p lan ts  and block creek channels 
thereby chang i ng the hydro1 ogy of the 
systems. Figure 19 shows a creek f i l l i n g  
i n  as a r e s u l t  o f  the channel being 
blocked by a log .  As the s i l t a t i o n  pro- 
cess continues here, the Lyngbye's sedge 
marsh w i l l  probably completely c lose the  
gap between the  two sides o f  the  former 
channel. 

Marshes tend t o  be very sens i t i ve ;  
even paths made by s c i e n t i s t s  t r a v e l  ing t o  
study s i t e s  may be v i s i b l e  several years 
a f t e r  the study ends. t b t  on ly  are t h e  
p l a n t  stems themselves crushed, b u t  a f t e r  
several t r j p s ,  the rhizome mat i n  t he  s o f t  



Figure 19. Lyngbye's sedge marsh invading a mudflat created by a l og  blockinq a maSsh 
creek.  

sediments i s  damaged. Reinvasion of these 
darnayed a r ea s  appears t o  be su rp r i s i ng ly  
slow. In t he  'lower edges of t he  sedge 
marshes, the  primary co lonizer  [nay be 
arrow-grass which i s  a l so  a common invader 
on t i d a l  f l a t s  ad jacent  t o  low s i l t y  
na r s  hes . 

5.2 HISTORICAL MANAGEMENT APPROACH 

His tor ica l  1 y,  man's g r e a t e s t  impact 
on P a c i f i c  Northwest t i da l  marshes has 
been caused by diking in  an e f f o r t  t o  
expand 1 and usabl e f o r  agricul  tu re .  Sal t 
marshes were diked and drained by the 
ea r l  i e s t  white s e t t l e r s  and used as crop 
and pas ture  lands .  Almost a l l  o ld ,  high 
marsh a reas  of Oregon have been diked 
( J e f f e r s o n  1975). Today many of these 
a r e a s  a r e  s t i l l  used f o r  grazing (Figure 
20), and marsh hay i s  s t i l l  cut .  Once the 
marsh i s  diked, t he  s o i l s  compact and 
becone ae rob i c ;  t he  so i l  s a l i n i t y  gradu- 
a l l y  decreases .  The p lan t  com~nuni t y  
s lowly  changes from a halophytic  p l an t  
cornmuni t y  t o  a damp meadow comrnuni ty 

because of the  so i l  chanqcs, d i f f e r e n t  
drainage pa t te rns ,  and grazing ( Je f fe rson  
1975; Hi tchcl 1 19131 1. 

S a l t  marshes have been a1 tcrcd by 
f i l l i n g  and spoil  disposal a s  we1 1. I n  
comparison t o  t he  r e l a t i v e l y  l imited 
extent  of t he  coastal  e s tua r i e s ,  a trenen- 
dous acreage o f  i n t e r t i da l  area has been 
f i l l e d  in t h e  Pac i f ic  fiorthwest. Accord- 
ing t o  the 4J.S. Army Corps o f  Enqineers 
(USACE 1976, c i t e d  by Proctor  e t  a l .  
1980), 1,554 ha (3,840 a c r e s )  i n  Grays 
Harbor have been used f o r  dred e material 
disposal .  R t o t a l  of 283 h a  q700 ac r e s )  
i n  thc  Colurnbia River Estuary have been 
f i l l e d  (Seaman 1977, ci ted by Proctor  e t  
a l .  1980). A l a rge  percentage o f  the  
or ig ina l  marshland o f  t he  Skaq i  t R i v e r  
de1 t a  in Puyet Sound has been destroyed or  
a1 tered.  Today l e s s  than 209: o f  these 
marshes rffnain (Congleton dnd Smith 1976). 
About 40% (2,509 ha, 6,200 ac r e s )  of 
mergent  rnassh of Wit lapa Bay has been 
a1 tered by diking and f i l l i n g  (IISACE 1976, 
c i t ed  by Proctor e t  a1 . 1980). Wof fnagl e 
and Olson (1974) estimated t h a t  90% o f  the 



Figure 20. Diked (uppe r )  anJ undiked (lower) marsh1 ands which are being used for  
pasture. 



o r i g i n a l  s a l t  marsh of Coos Bay has been 
a1 t e red  by d i k i n g  and f i l l i n g .  L a n d f i l l s  
i n  o t h e r  Oregon es tua r i es  a re  surnrnarized 
i n  Table 1G. 

Logging p r a c t i c e s  have also taken 
t h e i r  t o l l  on t he  l b r t hwes t  narshes. 
i fo f fnag le  and 01 son (1974) have descr ibed 
the e f fec ts  of l ogg ing  on the  Coos Bay 
s a l t  marshes. Eros ion due t o  c l e a r  cut-  
t i n g  and sf ash burn ing  increased sedinen- 
t a t i o n  i n  t h e  bay; t h i s  i n  t u r n  l e d  t o  
increased dredging and t he  dulnpiny o f  
dredged t i la ter ia l  on marshes. togging a1 so 
r e s u l t s  i n  the  accumulat ion o f  1  ogs and 
woody deb r i  s  . 

Only a  very small percentage o f  t h e  
Northwest 's o r i g i n a l  marshes remain 
unchanged, especi  a1 l y  i n  the  h i g h l y  devel- 
oped areas. The slow, na tu ra l  prograda- 
t i o n  o f  some o f  t he  marshes cannot make up 
f o r  t he  h i s t o r i c a l  d e s t r u c t i o n  o f  t h i s  
va luable resource. 

Whi le  wet l  ands have been perturbed, 
a1 tered,  and dest royed s ince  t he  area was 
f i r s t  s e t t l e d ,  t he  h i s t o r y  o f  t h e i r  pro- 
t e c t i o n  i s  much sho r t e r .  Bean (1978) sun- 
marized t he  r o l  e  o f  the  Federal Goverrment 
i n  we t l  and p r o t e c t i o n .  I n  cooperat ion 
w i t h  t he  States, the  Federal Government 
began acqu i r i ng  wet lands i n  1929 w i t h  t h e  
M ig ra to ry  B i r d  Conservat ion Act. About 
t h i s  same time, however, t he  Federal Gov- 
e r m e n t  s t a r t e d  a  huge h y d r o e l e c t r i c  
devel opment program w i t h  t he  enactment o f  
the Federal Power Act  o f  1920. This, 
along w i t h  t he  F lood Cont ro l  Act o f  1936, 
essen t ia l  l y  cancel 1  ed t h e  wet l  ands preser- 
va t ion  b e n e f i t s  o f  t he  M ig ra to r y  B i r d  Con- 
se r va t i on  Act .  I n  an e f f o r t  t o  reduce t h e  
ddverse e f f e c t s  o f  t he  1920 and 1936 Acts 
on w i l d1  i f e ,  t he  F i sh  and Wild1 i f e  Coordi- 
na t i on  Act, o r i g i n a l l y  passed by Congress 
i n  1934, was amended i n  1958 t o  inc lude  
the m i t i g a t i o n  concept. I n  essence, t h i s  
meant t h a t  i f  p u b l i c  hunt ing and f i s h i n g  
were d i s t u rbed  due t o  a  Federal water  
development p r o j e c t ,  p r i v a t e  1  ands o f  
s i m i l a r  r ec rea t i ona l  q u a l i t y  must be pur- 
chased t o  rep1 ace those l o s t .  

U n t i l  t he  l a t e  1960's the  Federal 
Goverrment ignored p r i v a t e  a c t i v i t i e s  
a f f e c t i n g  wet lands. Wi th  t h e  passage o f  

Table 16. L a n d f i l l s  on lands  l y i n g  be- 
tween the 1  ine  o f  o rd inary  h igh  water  and 
the  1 ine  o f  o rd inary  low w a t e r  i n  se lec ted  
Oregon es tuar ies  (modif ied f rom Percy e t  
a1 . 1974). 

Estuary Acres Use 

A1 sea 

k h a l  em 

Nes tucca 

Sal mon 

Sand1 ake 

Sius l  aw 

T i  1  1  amoo k  

Umpqua 

24.8 Marine o r i e n t e d /  
rec red t i  on 

7.3 R e s i d e n t i a l  / 
r e c r e a t i o n  

0.7 Eros ion  c o n t r o l  f o r  
r e s i d e n t i a l  p rope r t y  

0.1 Parki  ng a rea /boa t  
1  aunch 

3.0 Diked, a g r i c u l  t u r a l  

40.6 b. lar ine-or iented 
i n d u s t r y  

102.1 I n d u s t r y  

97.5 Marina and harbor /  
ma r i ne -o r i  en ted  deep- 
water n a v i g a t i o n  and 
i n d u s t r y  

Yaquina 202.1 Ma r i ne -o r i en ted  deep- 
(be1 ow water n a v i g a t i o n  and 
To1 edo) i n d u s t r y  

TOTAL 478.2 

t h e  Federal Water Pol 1 u t i o n  Cont ro l  Ac t  
Amendments o f  1972 (Pub1 i c  Law 92-500), 
t h e  Federal Government became t h e  p r i n c i -  
pa l  regu la to r  of t he  development o f  wet- 
lands. Under Sect ion 404 of these  b e n d -  
ments, t he  Environmental P r o t e c t i o n  Agency 
and the U.S. Anny Corps of Engineers have 
t h e  r e s p o n s i b i l i t y  Of s e t t i n g  wet l  and 
boundaries and p ro tec t ing  n a v i g a b l  e  waters 
by p ro tec t ing  some wetlands. Permi ts  must 
be issued by the U.S. A m y  Corps of Engi- 
neers f o r  the  discharge Of dredge or f i l l  



mate r i a l  onto wet l  ands c o n t i g u o u s  w i th  
nav igable waters o r  i n t o  the waters them- 
selves. The Coastal Zone Management Act 
has rnadz Federal funds a v a i l a b l e  t o  
encourage cods t a l  S t a t e s  t o  develop 
management prog rarns f o r  t h e i  r coastal  
zones and resources. The S t a t e  may then 
be e l  i g i b l e  f o r  Federal g r a n t s - i n - d i d  t o  
put  t h e i r  management programs i n t o  e f f ec t .  
One o f  t he  remaining c r i t i c a l  problems i n  
t i d a l  rnarsh management i s  l o c a t i n g  the 
upland narsh  boundaries a s  i nd i ca ted  i n  
Sect ion 404 o f  Pub1 i c  Law 92-500. 

5.3 UPLAND MARSH BOUNDARIES 

It hds been rea l  i z e d  i n  recent  years 
t h a t  the p r o t e c t i o n  of w e t l  and ecosystem 
i s  o f  paramount impor tance because they 
are very product ive,  a r e  u s e d  by f i s h  as 
redr ing  and feeding g rounds ,  serve as 
stonn bu f f e r s ,  and improve wa te r  qua1 i t y  
o f  adjacent stream channel s .  I n  order  t o  
p r o t e c t  a wet land froin i n t r u s i o n s  such as 
f i l l i n g ,  d i k i ng ,  d ra i n i ng ,  a n d  po l l u t i on ,  
the l i m i t s  o f  t h a t  we t l and  mus t  f i r s t  be 
def ined. Here in  1 ies t h e  d i f f i c u l t  tech- 
n i c a l  prob lan o f  q u a n t i f y i n g  the lega l  
d e f i n i t i o n .  

I n  t h e  Un i ted  States,  r e g u l a t i o n s  set 
f o r t h  by t h e  U.S. Army Corps o f  Engineers 
d e f i n e  wet l  ands as : 

. . . areas t h a t  a r e  inundated o r  
sa tu ra ted  by su r face  o r  ground water 
o f  a frequency and d u r a t i o n  s u f f i -  
c i e n t  t o  support, and t h a t  under 
normal c ircumstances do support, a 
preval ence of v e g e t a t i o n  t y p i c a l l y  
adapted f o r  l i f e  i n  s a t u r a t e d  so i l  
cond i t i ons .  Wet1 ands g e n e r a l l y  in-  
c l  ude swamps, marshes  , bogs, and 
s i m i l a r  areas. (USACE 1981) 

I n  t he  f i e l d ,  t h i s  d e f i n i t i o n  alone be- 
comes inadequate. I n  t h o s e  s i t ua t i ons  
where t h e  t r a n s i t i o n  f r a n  the wetland t o  
t he  upland i s  abrupt,  i t  i s  r e l a t i v e l y  
easy t o  determine t he  u p p e r  1 hit o f  the 
narsh  s ince  the  change f r o m  wet land s o i l s  
and vege ta t ion  t o  up land t y p e s  occurs i n  a 
s h o r t  d i s t ance  (F igure  213. However, the 
prob l  em o f  c l  e a r  d e t e r m i n a t i o n  of the 
upper 1 i m i  t becomes v e r y  d i f f i c u l t  i n  
areas where t he  grade of the slope i s  low 

and tbe t r a n s i t i o n  zone fronl undisputed 
wet land t o  up land i s  gradual (F igure  21) .  
I n  t h i s  case t h e  answer i s  no t  e a s i l y  
defined, and t h e  r e s o l u t i o n  becomes a 
pol i c y  d e c i s i o n  r a t h e r  than  a s c i e n t i f i c  
de te rmina t ion .  

The U.S. Army Corps o f  Engineers and 
t h e  U.S. Environmental  P r o t e c t i o n  Agency 
have the  respons i  b i l  i t y  t o  devel op guide- 
1 i nes  by which wet land boundar ies [nay be 
del  i nea ted  f o r  determin ing where penn i t s  
a re  requ i red .  Several approaches have 
been proposed and taken by va r i ous  inves- 
t i g a t o r s  and agencies t o  d e l i n e a t e  wet- 
lands.  Some s ta tes  d e f i n e  i n t e r t i d a l  wet- 
l ands  w i t h  respec t  t o  a t i d a l  datum, e.g., 
mean low water  (Mass and Wr ight  1969; 
V i r g i n i a  Code, Sec. 62. 1-13,2). A f t e r  an 
i n v e s t i g a t i o n  o f  e i g h t  coas ta l  marsh 
s i t e s ,  t h e  Nat ional  Oceanic and Atmos- 
phe r i c  Adrqini s t r a t i o n  (NOAA 1975) sug- 
gested t h e  upper  1 i m i t  o f  t he  marsh be 
de f ined  a t  0.76 m (2.5 f t )  above mean h i gh  
water (MHW). Wi th  f u r t h e r  s tudy t h i s  c r i -  
t e r i o n  was found t o  be s a t i s f a c t o r y  on l y  
f o r  the A t l a n t i c  and g u l f  coasts  b u t  un- 
s a t i s f a c t o r y  f o r  the  West coast,  where the  
ecotone spanned e l eva t i ons  o f  up t o  one 
meter. NOAA t h e r e f o r e  s e t  t h e  upper marsh 
1 i n i t  as be ing  the average o f  t he  upper 
and lower  1 i m i  t s  o f  t h e  t r a n s i t i o n  zone, 
which i n  t u r n  was based on f l o r i s t i c  com- 
pos i t i on .  

F l o r i s t i c  c r i t e r i a  i n v o l v e  basing the 
upper wet land l i m i t s  on t h e  presence o f  
c e r t a i n  species. Frenkel e t  d l .  (1978) 
i d e n t i f i e d  t h e  t r a n s i t i o n  zone i n  Oregon 
by a s t rong  dominance o f  P a c i f i c  s i l v e r -  
weed and t h e  presence o f  A c h i l l  ea m i l l  e- 
f o l  ium Anqel i c a  l u c i d a ,  As te r  subspica- -9 

tus,  Oenanthe sarnentosa, marsh c l ove r ,  - 
and V i c i a  g igan tea .  Some s t a t u t e s  spec i fy  
a l i s t  o f  i n d i c a t o r  p l a n t s  which may be 
used t o  i d e n t i f y  a wet land (New York Envi-  
ronmental Conservat ion Law, Sec. 25-0103, 
c i t e d  by Lagna 1975). Frenkel e t  a1 . 
(1981) used a combinat ion o f  f l o r i s t i c  and 
vege ta t iona l  ( p l a n t  coverage) c r i t e r i a  t o  
es tab l  i s h  1 i s t s  o f  up1 and and wet l  and 
p l a n t s  and t o  develop a q u a n t i t a t i v e  meas- 
u r e  i n t e g r a t i n g  f l o r i s t i c  and vege ta t iona l  
data. They cou ld  thus determine up land 
l i m i t s  by s h i f t s  i n  p l a n t  comnunity s t r uc -  
tu re .  





Remote sensing techniques have a1 so 
been proposed as a means of d e f i n i n g  wet- 
l ands  f o r  j u r i s d i c t i o n a l  purposes (Reino ld  
e t  a1 . 1972). D i f f e r e n t  species of p l a n t s  
and mixed p l a n t  communities have d i s t i n c t  
s igna tu res  on c o l o r  i n f r a r e d  fill-I; hence 
t he  c o l o r  p a t t e r n s  can be used f o r  ob ta in -  
ing  a vege ta t ion  map (p rov ided  i t  i s  care- 
f u l l y  checked o n  t he  ground). I n  cases 
where t h e  t r a n s i t i o n  t o  upland i s  steep, 
good wet l  and maps can be prepared. 

Phys ica l  c r i t e r i a  such as s o i l  sal  i n -  
i t y  and s o i l  n o i s t u r e  a r e  poss ib le  c r i -  
t e r i a  on which t o  base t h e  d e f i n i t i o n  o f  
wet land 1 i m i t s .  Sal i n i t y ,  Qowever, va r fes  
d i u r n a l l y ,  seasonal ly,  and w i t h  depth and 
d i s t ance  from t h e  es tuary  mouth. Sal i n i  t y  
would the re fo re  no t  p rov i de  cons i s t en t  
data. S o i l  mois ture,  used i n  t he  U.S. 
An!y Corps of Engineers d e f i n i t i o n  o f  a  
wetland, would seem a l i k e l y  method f o r  
de te rmin ing  wet l  and l irni ts .  However, nak- 
ing t i le  d e c i s i o n  as t o  whether an area i s  
wet land o r  up land  cannot be based on s o f l  
i i lois t u r e  measurelncnts ~nade a t  a  s i n g l e  
po i r l t  i n  tirne. H i g h  temporal v a r i a b i l  i ty 
caused by p r c c i p i  t a t i o n  and t i d a l  f l uc tua-  
t i o n s  would hdve t o  be overcome by t a k i n g  
Inany observat ions;  scnsonal data m igh t  be 
r equ i  red, an3 Frequency/durat ion values 
f o r  sel ec tcd  t lepths i n  t h e  marsh computed 
(Lewfs and L ivennan 1979). The necess i t y  
o f  such a long-tern1 s tudy  \ ~ o u l d  be imprac- 
t i c a l  f o r  t h e  purpose of penni t  evalua- 
t ion. 

Sel i s k a r  (1981) i n v e s t i g a t e d  t he  pas- 
s i b i l i t y  o f  us i ng  p l a n t  inorphology as an 
a i d  i n  s e t t i n g  we t land  I i m l  ts .  She found 
lnorphological  and ana ton i fca l  d i f f e rences  
w i t h i n  spec ics depencling on the tno is ture 
reg ine  under which the p l a n t s  were growing 
i n  t h e  f i e l d .  P l an t  h e i g h t  changes, 
Jeyrec o f  b ranch iny  an3 f lower ing,  and 
di:,ount o f  aerenchynous ( a f r  conduct ing) 
t i s s u e  v a r i e d  w i t h  s o i l  r r~o is  tu re  content .  
Root d i s t r i b u t i o n  w i t h i n  t he  s o i l  a l so  
va r ied  w i t h  s o i l  mois ture,  A l a r g e  per- 
c e ~ ~ t a g e  ( 322%) of  r o o t  and rhizome b io -  
mass i n  t h e  upper  10 an of a  s o i l  co re  
served as an i n d i c a t o r  of  h i gh  s o i l  inois- 
t u r c  f o r  f o u r  s a l t  rnarsh p l a n t  species 
tes ted  (Sel i skar,  i n  p ress ) .  These va r i -  
Oils chang?s a re  tilost u s e f u l  a f t e r  a gross 
1 i ~ n i  t has been s e t  and a more p rec i se  
.jul i n e a t i o n  i s  needed. 

The USACE Waterways Experiment Sta- 
t i o n ' s  Wetlands Group i s  c u r r e n t l y  recom- 
mending a three- faceted approach t o  de te r -  
min ing wet land s t a t us  i n v o l v i n g :  h y d r i c  
s o i l  c h a r a c t e r i s t i c s ,  hydro1 og i c  ind ica -  
t o r s ,  and wet l  ands vege ta t ion  (Huffman 
1981). The h y d r i c  s o i l s  c r i t e r i a  i n v o l v e  
t he  c o l o r  of t h e  s o i l  which i s  an i nd i ca -  
t o r  o f  the  ox i da t i on - reduc t i on  s t a t u s  o f  
some o f  t h e  s o i l  ~n i ne ra f  s. A chroma 
( s t r eng th  o f  c o l o r )  o f  1 o r  1  ess i n  the 
r o o t  zone o r  a  chroma o f  2 w i t h  m o t t l e s  o f  
d i f f e r e n t  c o l o r  i s  taken as an i n d i c a t o r  
o f  hyd r i c  s o i l s .  Hydro log ic  i n d i c a t o r s  
a re  evidence o f  h i gh  wate r  i n  t h e  area. 
These may vary  from t i d a l  water  1 eve1 
record ings t o  d r i f t  l i n e s  and i c e  scour 
marks. The t h i r d  and f i n a l  c r i t e r i a  i s  
the  presence o f  vege ta t ion  recognized as 
being t y p i c a l  o f  wetlands. Al though t h i s  
method works we l l  i n  most cases, none o f  
t he  methods suggested has y e t  been r e f i n e d  
t o  the  p o i n t  o f  working s a t i s f a c t o r i l y  i n  
a l l  f i e l d  s i t u a t i o n s .  

5.4 CURRENT FIANAGEMENT PRACTICES AND 
FUTURE PROSPECTS 

The m i  t i g a t i o n  concept has evolved t o  
m i  t i g a t i o n  r a t h e r  than rep1 acenent i n  
recent  years. Instead o f  sllnpl y  purchas- 
i ng  lands  o f  s i m f l a r  qua1 i t y  t o  those 
be ing l o s t  t o  development, areas t h a t  were 
once p roduc t i ve  wetlands a r e  be ing  re -  
s to red  and new wet land h a b i t a t s  a re  be ing  
created on dredge ma te r i a l s .  For example, 
a  3 . 2 h a  (8 acres) dredged ~ n a t e r i a l  
is land,  M i l l e r  Sands, i n  t he  Columbia 
R i ve r  Estuary  (39 km o r  24 m i  from the 
mouth) has been p lanted w i t h  ruarsh p1 an t s  
(sedge, bul rush, Juncus e f fusus ,  Carex 
obnupta, and t u f t e d  h a i m  (K i r by  
1978; McVay e t  a1 . 1980). 

Oregon has one o f  t h e    no st r i go rous  
f i l l  and ranoval laws i n  t h e  nat ion.  The 
Oregon land-Use Program i s  based on a 
se r i es  o f  1  e g a l l y  enforceabt e  "goals."  A 
requ i renen t  o f  t h e i  r Es tuar ine  Resources 
Goal s t a t es  t ha t :  

When dredge o r  f i l l  a c t i v i t i e s  a re  
permi t ted  i n  i n t e r t i d a l  o r  t i d a l  
marsh areas, t h e i r  e f f ec t s  s h a l l  be 
m i t i g a t e d  by c r e a t i o n  o r  r e s t o r a t i o n  
o f  another  area o f  s i m i l a r  b i o l o g i c a l  



p o t e n t i a l  t o  ensure t h a t  t he  i n t eg -  
r i  ty o f  t h e  es tua r i ne  ecosystem i s  
mainta ined.  (Oregon LCDC 1976) 

Guide1 i n e s  t o  the  above requi rement  
(Oregon LCDC 1976) s t a t e  t ha t ,  i f  poss i -  
b l e ,  t h e  m i t i g a t i o n  s i t e  should be near 
t h e  dredge o r  f i l l  s i t e  i n  o rde r  t o  be t h e  
most s i m i l a r  e c o l o g i c a l l y .  I f  t h i s  i s  n o t  
poss ib le ,  then  o t h e r  areas w i t h  s i m i l a r  
( i n  o r d e r  o f  importance) sa l  i n i  t y ,  t i d a l  
exposure and e l  evat ion,  subs t ra te ,  c u r r e n t  
v e l o c i t y ,  o r i e n t a t i o n  t o  s o l a r  r a d i a t i o n ,  
and s lope c h a r a c t e r i s t i c s  should be se- 
l e c t e d  f o r  m i t i g a t i o n .  I f  n e i t h e r  o f  
these aforementioned m i t i g a t i o n  s i t e  c r i -  
t e r i a  can be met, then t h e  r e s t o r a t i o n  o f  
areas o r  resources o f  t h e  g r e a t e s t  scar-  
c i t y  compared t o  past  abundance must be 
undertaken. Dredge m a t e r i a l  i s 1  ands, 
d iked  marshes and those wet lands separated 
from c i r c u l a t i o n  by causeways, o r  o t h e r  
f i l l s  a r e  suggested as p o t e n t i a l  m i t i g a -  
t i o n  s i t e s .  LaRoe (1978) s t a t e d  t h a t  t h e  
Es tuar ine  Resources Goal was c a r e f u l l  y 
conceived and worded and i s  in tended t o  
p reven t  any f u r t h e r  ne t  1 oss o f  i n t e r t i d a l  
h a b i t a t s  i n  Oregon. 

As an example, t h e  m i t i g a t i o n  re- 
qu i rement  was f i r s t  t e s t e d  when t h e  c i t y  
o f  Nor th  Bend requested a pe rm i t  t o  f i l l  a 
13 ha (32 ac res )  sandy bottom area o f  Coos 
Bay. The m i t i g a t i o n  s i t e  chosen was a 
t h i r d  p r i o r i t y  t ype  - d iked  marsh i n  a 
d i f f e r e n t  p a r t  o f  the  estuary.  The ques- 
t i o n  o f  how much marsh t o  m i t i g a t e  f o r  
13 hectares (32  acres)  o f  sandy bottom was 
a d i f f i c u l t  problem (LaRoe 1978). A "sub- 

merged t ime equivalence" method t o  r e l a t e  
su r face  area and t ime submerged was devel-  
oped a t  Oregon S t a t e  U n i v e r s i t y .  As a 
r e s u l t ,  26 t o  28 ha (65 t o  70 acres)  o f  
d i ked  marsh was determined as the proper  
area t o  be r es to red  t o  m i t i g a t e  t h e  l o s s  
o f  13 ha ( 3 2  acres)  of sandy bottom (LaRoe 
1978). Tay lo r  and Frenkel (1979) pre- 
d i c t e d  t h a t  approx imate ly  12% o f  t h e  mi ti- 
g a t i o n  s i t e ,  t h a t  l y i n g  below 1.4 m 
(4.6 f t )  e l  evat ion,  would become t i d a l  
mudf la t .  They expected t h a t  i n  40% of t h e  
m i t i g a t i o n  s i t e ,  t h e  area between t h e  ele- 
va t ions  of 1.4 and 2.4 m (4.6 and 7.8 f t ) ,  
t he  diked marsh vege ta t i on  would be re- 
placed by those species no rma l l y  found on 
s i l t y  subst ra tes.  The area above 2.4 m 
(7.8 f t )  (48% of t he  s i t e )  was thought  t o  
be s u i t a b l e  f o r  t he  development o f  h i g h  
s a l t  marsh. To date, n e i t h e r  t he  f i l l i n g  
nor t he  c r e a t i o n  has taken p lace.  

Perhaps the  most power fu l  t o o l  t o  
have r e c e n t l y  rece ived  widespread accept- 
ance i n  so l v i ng  problems r e l a t i n g  t o  t i d a l  
marsh use i s  t h e  m i t i g a t i o n  procedure. 
A1 though t h e  p r i c e  o f  r e h a b i l  i t a t i n g  
wet lands degraded i n  a p rev i ous  era o r  
conver t ing  upland t o  marsh i s  h igh,  t h e  
economic va lue of be ing a b l e  t o  des t r oy  
c e r t a i n  wet1 and s i t e s  d u r i n g  es tua r i ne  
resource development i s  immense, and h i g h  
m i t i g a t i o n  cos t  can u s u a l l y  be j u s t i f i e d  
economical 1 y. Jud ic ious  appl  i c a t i o n  o f  
t h i s  procedure makes i t  p o s s i b l e  t o  con- 
t i n u e  economic growth i n  t h e  coas ta l  zone 
w i t h o u t  des t r oy i ng  the  n a t u r a l  resources 
which make t h a t  economic development pos- 
s ib1 e and which drew people t o  the  coasts  
i n  t h e  f i r s t  place. 



CHAPTER 6 

SUMMARY AND C@IPARISONS 

T ida l  marshes o f  the Pac i f i c  North- 
west do not form a continuous band paral -  
1 e l  t o  the coast as do the wetlands along 
much o f  the A t l a n t i c  and g u l f  coasts. 
These discontinuous marshes may develop on 
t h e  i n t e r t i d a l  f l ood  p la ins  of estuar ies 
and may extend mi les in1 and. A1 te rnat ive-  
l y  they may a r i s e  along the qu ie t  borders 
o f  sandspits which have enclosed embay- 
rnents along the rocky coast. Tidal 
marshes a r i s i n g  i n  r i v e r i n e  systems tend 
t o  be f resher than those behind sand bars 
s ince they are fed by r i v e r s  o r  streams 
which extend wel l  i n t o  the Coastal Range 
o r  even i n t o  the Cascade Clountains. 

Snollmel t fron t h e  Cascades produces a 
l a r g e  freshwater pulse i n t o  the Columbia 
R iver  and Puget Sound which may l a s t  sev- 
e r a l  months i n  the spring. I n  the Colum- 
b i a  and many other  r i ve rs ,  the storage 
capaci ty  of hydroe lec t r i c  dams has se- 
vere l  y c u r t a i l  ed freshwater runof f  dur ing 
snowmel t o r  periods o f  high r a i n f a l l .  
Where pul ses o f  freshwater do occur, marsh 
so i l  sal i n i  t ies  may be seasonal 1 y de- 
pressed thus a l lowing seeds o f  p lants 
otkerwisc i nh ib i t ed  by sdl ine condi t ions 
t o  geminate.  Adult  p lants [nay a1 so be 
in f luenced when sal i n i  t y  stress i s  reduced 
durir tg t he  ea r l y  season growth. This may 
rcnul  t i n  greater  primary p roduc t i v i t y  
than would occur w i thout  the freshwater. 
Those !;tars hes behind the sandspi t s  devel- 
oped on bay nlouth bars, on the other hand, 
a r e  o f t e n  exposed t o  s a l i n i t i e s  on ly  
s l  i g h t l y  lower than the coastal water 
s ince o f t e n  only m a l l  freshwater sources 
are inc luded i n  the drainage basin. 

The substrates on which P a c i f i c  
Northwest marsh fauna and f lo ra  depend 
vary f r a n  very sandy t o  pr in la r i l y  s i l t  and 
c lay ,  t lore mdture narshes have b u i l t  
t h e i r  own substrate of peat. I n  the Paci- 

f i c  Northwest, as along the A t l a n t i c  and 
gu l f  coasts, the a d d i t i o n  o f  new sediments 
t o  the wetlands has been decreased by up- 
r i v e r  dams, channel i z a t i o n ,  and d i k ing  o f  
r i v e r  banks. Sediments are o f t e n  trapped 
i n  upstream reservo i rs  o r  sent  o f fshore  
ra ther  than being trapped i n  the  coastal 
zone. I n  those areas where spr ing  fresh- 
e t s  b r i ng  new sediments t o  t h e  marshes, 
the n u t r i e n t  cycf es which take p l  ace i n  
the decaying peat are subsidized by the 
seasonal input  o f  nu t r i en ts .  The coastal 
upwell ing phenomenon, which i s  not  found 
on the A t l a n t i c  and g u l f  coasts, provides 
a mechanism f o r  b r i ng ing  n u t r i e n t s  i n  deep 
coastal water back t o  t he  P a c i f i c  estu- 
a r ies  v i a  f lood t ides .  

L i ke  the A t l a n t i c  coast, t h e  t i d e s  o f  
the  Pac i f i c  Northwest have two highs and 
lows da i l y ,  bu t  u n l i k e  those i n  the east, 
they are vas t l y  unequal i n  height .  This 
complex pat te rn  o f  f lood ing  produces a 
high d i v e r s i t y  o f  environmental gradients 
i n  tnoisture and sal i n i t y  t h a t  a f f ec t s  both 
p lan t  and animal d i s t r i b u t i o n .  .\long the  
gu l f  coast where t i d e s  are d iu rna l  and o f  
r e l a t i v e l y  low amp1 i tude,  wind and storm 
t ide- re la ted  water surges p lay  a much 
greater  r o l e  i n  the  hydrology o f  the 
extensive, near ly  f7 a t  marshes than they 
do i n  the  P a c i f i c  Northwest. 

L i k e  the New England marshes, the 
sa l i ne  marshes o f  the  P a c i f i c  Northwest 
have a high angiosperm d i v e r s i t y  compared 
t o  the extensive monospecific stands of 
g u l f  coast and At1 an t i c  coast marshes 
south of Cape Cod. The upland border 
t r a n s i t i o n s  i n  the P a c i f i c  Northwest tend 
t o  be sharper than those o f  many o the r  
coastal areas because of the sharp topo- 
graphic r e l i e f  i n  the  region. Few s tud ies  
have defined the moisture to lerance o f  
t i d a l  species i n  the region, and there  are 



s t i l l  some proble!:is w i t h  s e t t i n g  the upper 
5oundary of the  rnsrsh. i.lacroslgae are 
prori l inerlt i n  the occasional t i d a l  pools  on 
the  1.iarst1 sur face and penianent pools  i n  
t i i ?  strearns. 

Ft ic ro f  1 o r a l  assa:tbl ages o f  the reg ion  
have  n o t  heen as we l l  s tud ied  as those i n  
the marshes o f  southern Cal i f o r r i i a  o r  the 
At1 a n t i c  dnd gu l  f coasts. There are, how- 
ever, subst.3nt idl  a1 ga l  popul a t ions  on 
',sth t h e  r idrsh su r face  and the  bare banks 
borr ler ing t i l e  creeks. Fungal and bacte- 
r i a l  popu la t ions  i n  t he  s o i l  o r  i n  the  
dedd p l a n t s  have not been studied, bu t  
deco~ ipos i  t i o n  r a t e  experilrlents i n d i c a t e  
processes i r ivo l  v i ng  these organis;lls a re  as 
r a p i d  as i n  t h e  Southeast A t l a n t i c  coasta l  
t i d a l  marshes, 

Faunal components on the  marsh sur- 
face a r e  dor i i na t td  by i nsec t s  on the  marsh 
2 l a n t s  and by amphipods i n  t he  eelgrass 
drack cor i~nunity.  k t a b l y  dbsent a re  t he  
f i d d l e r  crdbs and s n a i l s  common i n  the 
:;larshes o f  t h e  /. l id-Atlan t i c  and Southeast. 
B i r d  and inanmal u t i l  i z a t i o n  o f  t i le  P a c i f i c  
rb r thwes t  we t l  ands i s  extens ive i n  sorne 
a r m s ,  bu t  perhaps t he  most i ~npo r t an t  
food web t r o p h i c  1 inkages w i t h  ver tebrates 
occur  w i t h  t he  f i s h e s  i n  the  t i d a l  creeks. 
Oata fra:~ southwestern Canada document t he  
use o f  t i d a l  marsh hdb i t a t s  by j uven i l 3s  
o f  corn;~~ercial  l y  i ~ i ~ p o r t a n t  salrnonids. 
J u v e n i l e  sd1monids and o the r  f i s h  feed on 
o q a n i  srns such as ha rpac t i co i d  copcpods, 
~ h i c h  i n  t u r n  depend on narsh d e t r i t u s  f o r  
t h e i r  sustenance. The residence titne of 
the  numerous species o f  salnonids i s  va r i -  
ab le  and depends on species and es tuar ine  
cond i t i ons .  I n  a d d i t i o n  t o  t h e  salrnonids, 
the re  a re  a number o f  o t he r  impor tant  
fordge f i s h  which are found as temporary 
o r  pensaner~t res iden ts  o f  the t i d a l  tnarsh 
streams . 

Energy an3 ma te r i a l s  which f l o d  
between t h e  narsh  and upland ecosystans 
a re  dependent on animal m ig ra t i on  and 
water  f l o w  from the uplands. Adjacent 
ecosystems a t  l owe r  e leva t ions ,  such as 
the  mud and sand f l a t s  and sub t ida l  estu- 
a r i n e  channels, can a d d i t i o n a l l y  i n t e r a c t  
v i a  t i d a l  waters which can c a r r y  ma te r i a l s  

i n  3ott1 d i r c c t i o n s ,  Eelgrasr beds car1 
i n f luence  the  lndrSh by ac t i n9  as f i l t e r s  
f o r  nu t r i en t s  c w i n g  i n t o  the wet lsnds 
f r a y  coastal  upwell i y  o r  by t rap? ing  
t l u t r i en t s  1 eaching fro1.1 ducornposing ~ i a r s h  
grasses. Fur ther ,  the  c;eagrarses  lay he 
c a r r i e d  by the t i des  to the  narsh  where 
t h q  decolnpose, thereby eycl  f ng the nu t r i -  
ents between t i d a l  rqarsh and adjacent  sea- 
grass beds. 

Iii s t o r i c a l  l y ,  t i d a l  rnarsh ~' lanagwcnt 
i n  t h e  P a c i f i c  Northwest has invo lved the 
e x p l o i t a t i o n  o f  the wet l  ands f o r  ag r i c t i l -  
t u r a l  purposes. The h i gh  i n t e r t i d a l  wet- 
lands have been grazed and r?dny o f  the 
1 ower wet l  and h a b i t a t s  have been "ra- 
claimed" by  the cons t r uc t i on  of dikes. 
These "reclaimed" 1 ands ware p r i e i a r l l  y 
used f o r  pasture and hay crops i n  the  
d a i r y  regions o f  the coast. Recent ly t h e  
value o f  these coasta l  wet l  ands has been 
recognized, and 1 dws p r o t e c t i n g  tharl fr-or;) 
being f i l l e d  o r  annexed t o  the ad jacent  
upland have been enacted. t 4 l t i g a t i o n  pro- 
cc?dures have becolne papular  i n  recen t  
years; r e s t o r a t i o n  o f  damaged ~narsh  o r  t he  
c rea t i on  o f  new ones on dredged md te r i a l  
has f requent ly  been the proposed so l  utZon 
when coastal  devel opment requ i  r e s  t he  
des t r uc t i on  o r  a1 t e r a t i o n  o f  e x i s t i n g  wet- 
1 ands, 

The cha l l  enges f o r  s c i e n t i s t s ,  manag- 
ers, and developers i n  the  corning years 
are complex and d i f f i c u l t .  tiow can v(e 
have inaxirvu~~ econotnic growth i n  t h e  
coasta l  zone wi t9ou t  des t roy ing  t h e  cco- 
l o g i c a l  and aes the t i c  base which i n s p i r e d  
t h d t  developnent? What 1s t he  necessary 
area l  ex ten t  o f  t he  var ious co~nponents 
necessary t o  sus ta i n  t he  na tu ra l  and 
anthropogenlc systetns? What i s  t h e  bes t  
s p a t i a l  d i s t r i b u t i o n  o f  marsh, mudf la t ,  
seagrass bed, and stream channel fo r  a 
p a r t i c u l a r  s i t e ?  How can we manage t he  
laarsh-es t ua r i ne  cofnpl ex t o  :naxilni ze pro- 
duc t  i v i  t y ?  The s o l u t i o n  t o  these prob l  ems 
invo lves no t  o n l y  the developnent o f  sound 
rnanagernent plans, bu t  a lso t h e  es tab l i sh -  
nient o f  a val i d  s c i e n t i f i c  base on which 
t o  make these plans. Perhaps the  g rea tes t  
danger i s  t ha t  we w i l l  bypass t he  l a t t e r  
i n  our  rush  t o  dev ise the fomer ,  
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T ida l  marshes o f  t h e  P a c i f i c  Northwest develop (1) on the f r i nges  o f  es tuar ies  o f  r i v e r s  
which empty more o r  l e s s  d i r e c t l y  i n t o  the  ocean o r  Puget Sound and (2) behind baymouth 
bars which form between adjacent headlands on the rocky coast. 

F l  o r i  s t i c a l  l y  these wet1 ands are more complex than marshes o f  equ iva len t  sa l  i n i  t y  a1 ong 
t he  g u l f ,  Southeast and F l id-At lant ic  coasts. P a c i f i c  Northwest marshes resemble more c l o s e l y  
those o f  no r thern  C a l i f o r n i a  and par ts  o f  New England. Primary p r o d u c t i v i t y  ranges w ide ly  
as do r a t es  of p l a n t  decomposition. De t r i t u s  appears t o  f ue l  a  p roduc t i ve  food web, t h e  
best  documented o f  which invo lves salmonids feeding i n  the marsh creeks. Except f o r  i nsec ts ,  
macrofauna are n o t  common on the marsh surface. A conceptual model o f  f unc t i ona l  groups 
w i t h i n  t he  marsh, and a  model dep i c t i ng  i n t e rac t i ons  between the  marshes and adjacent 
ecosystems are presented. 

To date fewer q u a n t i t a t i v e  ecolog ica l  s tud ies have been done on these wetlanas than on 
those i n  pa r t s  o f  C a l i f o r n i a  o r  the  g u l f  and A t l a n t i c  coasts. Th is  s i t u a t i o n  i s  r a p i d l y  
changing and t h e  emerging p i c t u r e  i s  t h a t  Pac i f i c  Northwest marshes are s i m i l a r  i n  f unc t i on  
t o  those more i n t e n s i v e l y  studied. Organisms and r e l a t i v e  magnitudes o f  the  f l u xes  a re  
d i f f e r e n t ,  b u t  processes a re  the same. 
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