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PREFACE 

Nearly half the population of the United 
States lives adjacent to coastal waters or 
to the shores of the Great Lakes. The 
recreational and economic pressures that 
accompany this residential pattern are 
invariably exerted on the nearshore 
coastal environment and its estuaries. 
Until recently, we have been accustomed to 
viewing the oceanic province as being 
immune to adverse impacts resulting from 
mild human activity. However, since the 
large-scale decline of eelgrass (zostera 
marina L.) in the North Atlantic in the 
1930'~~ caused by a natural rise in water 
temperature, we are aware that dramatic 
and important changes can and do occur in 
marine ecosystems. Human activity now is 
increasing so that we may no longer be 
passive observers of such changes. This 
community profile has been developed to 
synthesize information on the structure 
and function of eelgrass meadows in the 
Pacific Northwest and their 
interrelationships with adjacent 
communities in the estuarine environment. 
Cowardin et al. (1979) classified this 
habitat as occurring in the Columbian 
province, estuarine system, intertidal and 
subtidal subsystems, aquatic bed class, 
and rooted vascular subclass. Water 
regimes vary from irregularly exposed 
(intertidal) to subtidal. Water chemistry 
is mesohaline (mixohaline: 5.0 ppt-18.0 
ppt; polyhaline: 18.0 ppt-30.0 ppt) and 
euhaline (30.0 ppt-40.0 ppt). 

The text is organized on a taxonomic and 
functional basis. In Chapter 1 the 
physiographic setting of the Pacific 
Northwest eelgrass habitats is presented. 
Chapter 2 describes the biology of 

eelgrass in the province. In the next 
chapters the functional roles (Chapter 3) 
and components of the eelgrass community 
(Chapter 4) are described. Chapter 5 
describes the interactions of the eelgrass 
community with adjacent communities. The 
report concludes with management 
considerations (Chapter 6). 

As with research on specific communities 
in any area, there are certain gaps in the 
data on eelgrass of the Pacific Northwest. 
Research in this region has emphasized the 
biology, biotic components, trophic 
relationships, and productivity of the 
plants. Thus, information on energy flow, 
nutrient cycling, decomposition, and 
sediment stabilization roles of eelgrass 
learned in Alaska and along the Atlantic 
coast of North America will be applied to 
the Pacific Northwest for the purpose of 
filling in the gaps in the research. 

This report is not an exhaustive survey of 
the literature on the eelgrass meadows of 
the Pacific Northwest. It is intended to 
characterize the major components and 
processes that occur and drive the 
eelgrass community and to form a basis for 
placing value on this munity. 

Comments on or requests for this publica- 
tion should be directed to the following 
address. 

Infomtion Transfer Specialist 
National Ca3stal Ecosystems Team 
U.S. Fish and Wildlife Service 
NASA-Slidell CaTlputer Canplex 
1010 Gause Blvd. 
Slidell, LA 7k3.458 
(504) 255-6511 



CONVERSION TABLES 

Metr ic  t o  U.S. Customary 

Mu1 t i p l y  

m i l l  imeters (mm) 
centimeters (an) 
meters (m) 
k i  1 ometers ( km) 

2 
square meters (m ) 10.76 
square k i  1 ometers ( km ) 0.3861 
hectares (ha) 2.471 

To Obtain 

inches 
inches 
fee t  
mi les  

square f e e t  
square mi les  
acres 

l i t e r s  ( 1 )  
cub ic  meters (m ) 
cubic meters 

0.2642 gal 1 ons 
35.31 cubic f ee t  
0.00081 10 acre- feet  

m i l  1 igrams (mg) 0.00003527 ounces 
grams (g )  0.03527 ounces 
k i l  ograms (kg) 2.205 pounds 
me t r i c  tons (t) 2205.0 pounds 
me t r i c  tons 1.102 s h o r t  tons 
k i  1 ocal o r i es  ( kcal ) 3.968 ~ t u  

Cel s ius  degrees 1.8(C0) + 32 Fahrenheit  degrees 

U.S. Customary t o  Met r ic  

inches 25.40 
inches 2.54 
f e e t  ( f t )  0.3048 
fa  thorns 1.829 
m i l e s  (mi )  1.609 
naut ica l  miles (nmi) 1.852 

2 square fee t  ( f t  ) 
acres 2 
square m i l es  (mi ) 

ga l lons  ( g a l )  
cubic fee t  ( f t  ) 
acre- feet  

ounces (oz)  28.35 
pounds ( l b )  0.4536 
sho r t  tons ( ton)  0.9072 
British thermal units (Btu) 0.2520 

m i l  1 imeters 
centimeters 
meters 
meters 
k i l  ometers 
k i  1 m e t e r s  

square meters 
hectares 
square k i lometers 

1 i t e r s  
cub ic  meters 
cubic meters 

grams 
k i  1 og rams 
me t r i c  tons 
k i  1 ocal o r i e s  

Fahrenheit degrees 0.5556(F0 - 32) Celsius degrees 
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INTRODUCTION 

Eelgrass  ( Z o s t e r a  mar ina  L.)  is 1 of  48 
s p e c i e s  o f  seagrasses found in  t h e  near- 
s h o r e  c o a s t a l  e n v i r o n m e n t s  and e s t u a r i e s  
o f  t h e  w r l d .  Seagrasses have h o r i z o n t a l  
r h i z m e s  and eree t l e a f y  shoots extending 
i n  t h e  w a t e r  c o l u m n  ( p i g u r e  1 ) .  T h e i r  
roots yrow i n  u n c o n s o l i d a t e d  s o f t  sub- 
s t r a t e  ( e x c e p t  f o r  s u r f g r a s s ,  
Phyl lospadix,  - . -- .- - - - -- i n  the m r t h  p a c i f i c ,  which 
a t t a c h e s  t o  t s u r f a c e  of. rocks on 
exposed c o a s t s )  . 
According to C o w a r d i n  e t  a l .  ( l 9 7 9 ) ,  t h e  
e e l y r a s s  c m u n  i ty is c l a s s i f  i t 4  a s  t h e  
fol lowing : SYS'I'kM : Estuar ine ;  SIJBSYSTM : 
SubtidaL; CLASS: Aquat ic  k d ;  SUfKLASS: 
S u h e r g e d  m a t  ic  ; WATER REGIME : Subt i d a l ;  
and WATER CIIFMISTRV: Mixasaline.  Xnasnuch 
a s  t h e  p l a n t s  a r e  r a t e d  in an unconsoli- 

da ted  s u b s t r a t e ,  o f t e n  o f  uniform r e l i e f ,  
and p r o j e c t  a " t o r e s t "  o f  l e a v e s  i n t o  t h e  
water c o l m n ,  t h e  meadow c r e a t e s  a s t r u c -  
tu red  h a b i t a t  £ r a n  an o t h e r w i s e  unstruc-  
t u r e d  one .  The r o o t e d  p l a n t s  and l e a f  
b a f f l e  provide p r o t e c t  ion  and sed  iment 
s t a b i l i z a t i o n  t h a t  r e s u l t  i n  a much 
g r e a t e r  d i v e r s i t y  o f  an imals  w i t h i n  t h e  
meadow than i n  a d j a c e n t  unvegetated a r e a s .  

I t  is wll  r e c q n i z e d  t h a t  e s t u a r i e s  a r e  
important i n  c m e r c i a l  and s p o r t  f i s h -  
eries. Many f i s h e s  depend on e s t u a r i e s  
f o r  a l l  or p a r t  o f  t h e i r  l i f e  c y c l e .  
Since e s t u a r i e s  i n  t h e  P a c i f i c  Northwest 
have e x t e n s i v e  e e l g r a s s  meadows, e e l g r a s s  
beds must have an important  role i n  t h e  
l i f e  c y c l e s  o f  t h e s e  f i s h e s .  

F igure  1. E e l g r a s s  eel ad ow i n  Puget Sound ( c o u r t e s y  Nat iona l  Oceanic & Atmospheric 
-stration, m r  . Fish Rev. 39: 18-22) . 
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Because  e e l g r a s s  is a r o o t e d  p l a n t ,  it 
performs a v i t a l  f u n c t i o n  of s t a b i l i z i n y  
c o a s t a l  sediment ,  t h u s  p r e v e n t i n g  e r o s i o n .  
S t u d i e s  d o n e  i n  E n g l a n d  ( w i l s o n  19491 ,  
Denmark (Rasmussen 1977),  t h e  Chesapeake 
Bay ( O r t h  1 9 7 7 a ) ,  a n d  i n  P u g e t  Sound,  
Washington   hilli ips 1972)  have documented 
t h e  a b i l i t y  of e e l g r a s s  t o  s t a b i l i z e  
bottom sediments  ( F i g u r e  2 ) .  The e e l g r a s s  
meadow p r o v i d e s  d i r e c t  and i n d i r e c t  food 
s o u r c e s  f o r  marine food c h a i n s ;  i t  a l s o  
p r o v i d e s  h a b i t a t  and  p r o t e c t i o n  and a c t s  
a s  a n u r s e r y  f o r  many m a r i n e  s p e c i e s .  
Following t h e  die-off of 90% t o  100% of  
t h e  e e l g r a s s  i n  t h e  N o r t h  A t l a n t i c  i n  
1931-33, m n y  a n i m l s  a s s o c i a t e d  wi th  

e e l g r a s s  disappeared.  Impacts t o  t h e  
humn economy were s e v e r e .  S c a l l o p s ,  f i s h ,  
clams, a n d  c r a b s  d e c l i n e d  o r  d i s a p p e a r e d r  
and t h e  b r a n t  geese changed t h e i r  migra- 
t i o n  p a t t e r n s  a n d  went i n l a n d  t o  feed .  I n  
Europe, b r a n t  geese  numbers d e c l i n e d  
s e v e r e l y  (E inarsen  1965) fo l lowing  t h e  
"wast ing d i s e a s e . "  I n  t h e  Nether lands t h e  
overwin te r ing  popula t ion  of b r a n t  d e c l i n e d  
from more than 10,000 b i r d s  t o  a t  most 100 
by 1953. 
The P a c i f i c  Northwest r e g i o n  e x t e n d s  from 
sou thern  B r i t i s h  C o l m b i a ,  Canada, to 
Humboldt Bay i n  nor thwestern C a l i f o r n i a  
( F i g u r e  3 ) ,  a d i s t a n c e  o f  a b o u t  900 km 
( 5 6 0  m i )  ( P r o c t o r  e t  a l .  1 9 8 0 a ) .  I n  

Figure 2. Ef fec t  of wave shock on rhizome m a t  of eelgrass, 22 February 1964. West side 
of Wdbey Island, Washington (shows persistence of eelgrass). 
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contras t  t o  southern California, the 
coastline of t h i s  region i s  sparsely 
populated. I t  has not been without 
modification, however. In southern 
British Columbia, Moody (1978) reported 
that the sdnd and mud f l a t s  of the Fraser 
River foreshore, which supports extensive 
meadows of eelgrass, were threatened by an 
inc reas ing  number of r e s i d e n t i a l ,  
industrial, and recreational developnents. 

The largest meadows of eelgrass i n  the 
Pacific Northwest occur i n  protected 
estuarine areas away from the open coast; 
i.e., Padil la  and Willapa Bays i n  
Washington State, and Humboldt Bay i n  
northern California. The largest stand in 
northern Oregon occurs in Netarts Bay, 
while small stands are confined to  several 
narrow river valleys (Figure 3 ) .  This 
report also includes Z. japonica Aschers. 
& Graebn., since thespecies  i s  heavily 
used as food by black brant geese. 

Figure 3. Map of the Pacific Northwest 
coastline showing the locations of the 
estuaries and river systems containing 
eelgrass (after Proctor e t  al. 1980b). 

xii 



CHAPTER 1 

THE PHYSIOGRAPHIC SETTING 

1.1 GM)LM;ICAL HISIWRY OF REGION 

Bedrock of the Pacif ic  Northwest was bent, 
folded, f r ac tu red ,  and u p l i f t e d  by t h e  
c o l l i s i o n  of  t h e  Juan  de  Fuca and Gorda 
P l a t e s  w i t h  t h e  North American P l a t e  
(Figure 4) .  Weathering has  modified t h e  
u p l i f t e d  f o r m a t i o n ,  w i t h  r i v e r b o r n e  
s e d i m e n t s  d e p o s i t e d  i n  e s t u a r i e s  and 
beaches (Proc tor  e t  al. 1980b). I n  many 
p l aces  t h e r e  a r e  long s t r e t c h e s  of  sand 
beaches, broken by s t eep ,  r e s i s t a n t  s e a  
c l i f f s ,  rock headlands, and the mouths of 
bays and small streams ( ~ e f f e r s o n  1975). 

Figure 4. Topographic and bathymetric 
features of the northeast Pacific ( a f t e r  
Proctor e t  a l .  1980b). 

The long, narrow c o a s t a l  s t r i p  o f  t h e  
Pacific Northwest slopes s teeply from eas t  
to west (Proctor e t  al. 1980a). The coast 
h a s  e x p e r i e n c e d  g e o l o g i c a l l y  r e c e n t  
orogenic a c t i v i t y  w i th  resul t ing coastal 
subsidence (proctor e t  al. 1980b). I n  the 
region the continental shelf extends from 
16  km (10 m i )  o f f  Cape Mendocino i n  
nor thern  C a l i f o r n i a  t o  65 km (40 m i )  i n  
c e n t r a l  Oregon t o  48  k m  (30 m i )  o f f  
n o r t h e r n  Washington ( P r o c t o r  e t  a l .  
1980b). Offshore subduction i s  o r  was 
u n t i l  r e c e n t l y  occurr ing  along a l i n e  
coinciding w i t h  the  coast of North America 
be tween  Vancouver I s l a n d  and Cape 
Mendocino ( t h e  a r e a  of  concern i n  t h i s  
prof i le )  . 
The geology o f  t h e  c o a s t  south o f  t h e  
Salmon River i n  Oregon d i f f e r s  from t h a t  
t o  the nor th  (Proc tor  e t  al. 1980b). I n  
t h e  southern c o a s t  ranges, formations of  
metamorphic  r o c k s  a r e  P r e - T e r t i a r y  
(~iedemann e t  al. 1974). Geologic his tory 
began d u r i n g  e a r l y  Eocene w i t h  t h e  
depos i t i on  o f  p i l l o w  b a s a l t s  near Alsea, 
Oregon. L a t e r  i n  t h e  Eocene v a s t  
sedimentary beds ( ~ y e e  formation) were 
depos i ted  along most o f  t h e  southern  end 
o f  t h e  coas t  during c o a s t a l  subsidence. 
This subsidence wasdue t o  a geosyncl ine 
from t h e  Klamath Mountains (southern 
Oregon) n o r t h  t o  Vancouver I s l a n d  
(Wiedemann e t  a l .  1974).  S c a t t e r e d  
igneous i n t r u s i o n s  occurred dur ing  t h e  
Ol igocene .  I n  t h e  Miocene loca l i zed  
deposits of sedimentary and volcanic rocks 
o c c u r r e d  n e a r  Newport and Coos Bay, 
Oregon. No new deposits were made in the 
Pliocene, b u t  r a p i d  e ros ion  o f  t h e  t h i c k  
beds o f  sediments  occurred as c o a s t a l  
u p l i f t  occurred (Wiedemann e t  al. 1974; 
Proctor e t  al. 1980b). In the Pleistocene 
new sandy d e p o s i t s  were made throughout 



t h e  a r e a  d u r i n g  a period of r i s i n g  sea 
level. 

North o f  t he  Salmon River  a l l  rock  
f o r m a t i o n s  a r e  T e r t i a r y .  Eocene  
formations are widespread and include 
volcanic ( b a s a l t s  with t u f f s  and breccias) 
and sed imen ta ry  rocks ( s i l t s t o n e s  and 
sandstones) (proc tor  e t  al. 1980b). In  the 
01 igocene 1 i r n i t ed  sedimentary formations 
d e v e l o p e d  ( s i l t s t o n e s ,  s h a l e s ,  
sandstones). I n  t he  Miocene extensive 
basalt  flows occurred i n  northern Oregon 
and sou thwes te rn  Washington. During the 
P le i s tocene ,  ex tens ive  erosion occurred 
during c o a s t a l  uplifting. 

I t  appears  that  t h e  l a t e  Pliocene and 
P l e i s t o c e n e  w e r e  c h a r a c t e r i z e d  by 
a l t e r n a t i n g  c o a s t a l  submergence and 
u p l i f t ,  w i t h  r e s u l t i n g  deposi t ion and 
erosion, r e s p e c t i v e l y .  The Puget Sound 
Basin-Willamette Trough was formed in  the 
l a t e  p l i o c e n e  (ca.  3 mi l l i on  years  ago) 
when a genera l  north-south upl i f t ,  forming 
the Olympic and Cascade Mountains, was 
accompanied by a downwarp between the two 
ranges (Yoshinaka and E l l i f r i t  1974) .  
P r e s e n t  coastal con£ i g u r a t i o n s  and 
sediments i n  e s t u a r i e s  t o  t h e  north a r e  
the  r e s u l t  of t h e  melting of lobes of t he  
Vashon g l a c i e r  o f  the  Wisconsin period 
(17,000 t o  9,01i70 years  ago) (Wiedemann e t  
a l .  1974; Yoshinaka and E l l i f r i t  1974; 
Jefferson 1975). As the glaciers melted, 
erosion occurred with bay deposits forming 
beds,  f i l l i n g  i n  a l l  r i v e r  mouths 
( J e f f e r son  1975 1. Coastal submergence 
o c c u r r e d  a g a i n ,  c r e a t i n g  the  general  
f ea tu re s  o f  t h e  present  coast l ine.  Even 
though t h e  g l a c i e r s  d id  not extend south 
of  t h e  o l y m p i c  Mountains ( ~ u m l e r  1969), 
t h e  g l a c i a l  m e l t i n g  d i d  r e s u l t  i n  a 
general  rise i n  sea l e v e l  120 t o  150 m 
(400-500 ft) above i t s  r e c e n t  l e v e l  
(Jefferson 1975) .  

1.2 CLIMATE OF REGION 

The c l i m a t e  o f  the  Pac i f i c  Northwest 
coas t a l  r e g i o n  is  marine (Proctor e t  a l .  
1980b). ~t is  character ized a s  a mid- 
latitude, w e s t - ~ o a s t - m ~  h e  type, with wet 
win ters  a n d  d r y  summers. The region is 
located i n  the Center of t he  preva i l ing  
westerlies, w i t h  local winds ranging from 
northwest to  southwest througlmut most of 

t h e  year. The winds exchange h e a t  w i t h  
the ocean and become nearly saturated w i t h  
moisture from evaporation. The a i r  rises 
a s  it reaches land, cools ,  and g ives  up 
considerable moisture. Thus t h e  c l i m a t e  
is moderated by t h e  P a c i f i c  ocean and 
charac te r ized  by h igh  r a i n f a l l  and a 
moderate temperature range. There is 
l i t t l e  no r th - to - sou th  v a r i a t i o n  i n  
temperature and only a s l i gh t  increase i n  
precipitation t o  the north i n  the  region. 

Two semipermanent pressure patterns,  the  
Aleutian Low and the  North P a c i f i c  high, 
con t ro l  t h e  cl imate.  The Aleut ian  Low, 
cons is t ing  of a s e r i e s  of  low p res su re  
centers ,  l i e s  over southwest Alaska and 
t h e  A l e u t i a n  I s l a n d s .  Winds blow 
counterclockwise around the low, bringing 
a s e r i e s  of  wet onshore f r o n t a l  s torms 
which a r e  o f t e n  charac te r ized  by s t rong  
winds. This pressure system dominates the 
winter weather from Octcber t o  March. The 
low s h i f t s  southward  d u r i n g  w i n t e r ,  
r e s u l t i n g  i n  an increased frequency of  
frontal storms reaching the coast. Eighty 
percent of the annual precipi ta t ion f a l l s  
during this period  able 1). 

The North Pac i f i c  High dominates t h e  
summer weather of the region. As  summer 
approaches, t h e  h igh  expands over  t h e  
ea s t e rn  P a c i f i c  nor th  of 2g0 N a lmost  t o  
Alaska and westward to 16g0 E. Storms a r e  
veered northward from the  reg ion  by t h e  
high. Only 5% of the annual precipitation 
f a l l s  i n  J u l y  and August. Winds flow 
clockwise and bring predominantly f a i r  
weather. During this t i m e  coastal w i n d s  
a r e  from t h e  n o r t h w e s t  and n o r t h .  
Seasona l  s h i f t s  i n  wind d i r e c t i o n  
i n f l u e n c e  n e a r s h o r e  ocean  c u r r e n t s ,  
resulting i n  upwelling which brings cooler 
water t o  the surface near slmre i n  summer. 
'This produces fog, reduced insolation, and 
lclwer a i r  temperatures. 

Precipitation in winter varies from a high 
of 32 cm (13 inches) a t  Tatoosh I s l and  i n  
northwestern Washington t o  27 cm (11 
inches) a t  North Bend i n  southwestern 
Oregon to  18 c m  (7 inches)  a t  Eureka i n  
northern Ca l i fo rn i a ,  a l l  i n  December 
( P r o c t o r  e t  a l .  1980b).  I n  summer, 
precipitation varies from a low of 5 cm (2 
inches) i n  August a t  Tatoosh Is land ,  t o  2 
cm (0.8 inch) i n  J u l y  a t  North Bend, t o  0 
a t  Eureka i n  July. 



Table 1. Precipitation, temperature, and t i da l  data for  selected locations i n  the 
pacif ic  ~ o r t h m s t  (from Wiedemann e t  a l .  1974; Jefferson 1975; Moody 1978; Proctor e t  
a l .  1980a, 1980b). 

Location Mean annual precipitation Mean annual a i r  temp. Rage of surface water Mean tidal ranges 
an (inches) O C (O F) temp. " c ( O  F) m ( f t )  

Hunblilt Bay, 
Califorrlia 101 (39.8) 

North Bend, 
Oregon 

Astoria, 
Oreyon 

So. British Colmnbia, 
Canada -- 

A i r  and water  temperatures a r e  diurnal ly  
and seasona l ly  mild and show r e l a t i v e l y  
l i t t l e  v a r i a t i o n .  A t  A b e r d e e n ,  
Washington, no rma l  d a i l y  summer a i r  
t empera tures  range from 21° C (70O F) t o  
10O C (50O F). Winter a i r  t empera tures  
u sua l ly  range between 7O (45O F) and 1 . 6 ~  
C (35O F) from Astor ia ,  Oregon, i n  t h e  
north and North Bend, Oregon, i n  the south 
(Wiedemann e t  al. 1974). Air temperature 
extremes a r e  40O C (lmO F) and -14O C (7O 
F): Arrny Corps of Engineers,  J u l y  1977) 
f o r  t h e  Aberdeen a r e a  i n  s o u t h w e s t  
Washington. A t  Brookings i n  southern 
Oregon, t h e  mean l o w  a i r  t empera ture  i n  
January i s  4.4O (40O F), whi l e  t h e  mean 
high teinperature i n  August is 19.5O C (67O 
F; Jefferson 1975). 

Coastal  water  t empera tures  i n  nor thern  
Washington range from 8 O  C (46O F) i n  
winter to 14O C (57O F) i n  summer (proctor 
e t  a l .  1980a). I n  Humboldt Bay, nor thern  
California, water temperatures varied from 
8.5O C (47.3O F) i n  January  t o  11° C (52O 
F) i n  May (Proc tor  e t  a l .  1980b). I n  an 
eelgrass meadow a t  Roberts Bank, southern 
Bri t ish Columbia, Moody (1978) recorded a 
maximum range of  surface temperatures of 
7.5O C (45.5O F) i n  January t o  17.5O C 
(63.5O F) i n  Ju ly .  

The r e l a t i v e  humidi ty  i n  t h e  reg ion  is  
qui te  high, owing to low evaporation r a t e s  

due t o  low temperatures (Wiedemann et  al .  
1974). Values range i n  March from 79% a t  
4:00 pm t o  96% a t  4:08 am a t  Tatoosh 
Island i n  northwest Washington (proctor e t  
al .  1980b). Values were almost ident ical  
i n  Astoria i n  northern Oregon. 

Tides in  the region are a mixture of s e m i -  
diurnal (twice da i ly)  and d i u r n a l  ( d a i l y )  
components, w i t h  i n e q u a l i t y  appearing 
p r i m a r i l y  i n  t h e  success ive  low waters  
(p roc to r  e t  a l .  1980b). T ida l  ranges 
i nc rease  along a g r a d i e n t  from south  t o  
no r th   able 1). 

1.3 EELGRASS DISTRIBUTION I N  REGION 

Five s eag ra s s  s p e c i e s  a r e  found i n  t h e  
P a c i f i c  Northwest. Three of  t h e s e  a r e  
s p e c i e s  o f  s u r f g r a s s  ( ~ h y l l o s p a d i x  
s c o u l e r i ,  5 t o r r e y i ,  5 s e r r u l a t u s ;  cf., 
P h i l l i p s  1979 f o r  an a n a l y s i s  o f  t h e  
d i s t r i b u t i o n  and  morphology o f  these 
s p e c i e s  i n  t h i s  r e g i o n ) .  A l l  t h r e e  
s p e c i e s  o c c u r  on  rocky  s u b s t r a t e  i n  
exposed waters. The f i r s t  two s p e c i e s  
range from t h e  nor thern  end o f  Vancouver 
I s land ,  Canada, to  t h e  lower end o f  Ba j a  
Ca l i fo rn i a .  The t h i r d ,  P. s e r r u l a t u s ,  
extends from Cape Arago, Oregon, northward 
and westward t o  a t  l e a s t  Adak I s l a n d  i n  
the  Aleutians. The other two species are 
i n  t h e  genus Zostera: e e l g r a s s  (Zos te ra  



marina; Figure 5) and the d i m i n u t i v e  
Zostera japonica. species a r e  found 
on a muddy or mixed mud and sand subs t ra te  
i n  areas s h e l t e r e d  from t u r b u l e n t  Water. 

n i c a  is  u s u a l l y  found from ???," j-1 t o  c2.4 m (8.0 f t )  
( H a r r i s o n  197g) ,  while e e l g r a s s  o c c u r s  
from +1.8 rn (6.0 f t )  down to  -6.6 m (-22.0 
ft) deep ( P h i l l i p s  1972, 1974). I n  Canada 
the two species overlap i n  t h e  +1.0 m (3.3 
f t )  t o  +1.5 m (5 f t )  region (Har r i son  

under cons idera t ion .  Both can  be e a s i l y  
distinquished, not  only by t i d a l  e levat ion - - 
but a l& size. Zostera japonica is a very 
s m a l l  p l a n t ,  producinq l e a v e s  no wider  
t h a n  f mm (0:88 i n c h j  a n d  u s u a l l y  no  
l o n g e r  t h a n  10-15 c m  (4-6 i n c k s ) .  
Rhizomes a r e  no more t h a n  2-3 c m  (6.8-1.2 
inches)  deep i n  the sediment .  Leaf t i p s  
may b e  s l i g h t l y  notched,  w h i l e  t h o s e  i n  
e e l g r a s s  a r e  rounded. Leaf s h e a t h s  are 
open, while those i n  ee lg rass  are closed. 

1979) . 
I n  e e l g r a s s ,  p l a n t s  and l e a v e s  a r e  much 

A s t a n d a r d  key t o  s e p a r a t e  s p e c i e s  is l a r g e r  ( a  f u l l  a n a l y s i s  o f  s e a s o n a l  
u n n e c e s s a r y  since o n l y  two s p e c i e s  are cha"9es i n  dimensions is given i n  chapter 

2,  S e c t i o n  2.1, V e g e t a t i v e  Growth  
s t ra teg ies )  . 
The P a c i f i c  Northwest c o n t a i n s  a t  least 
t h r e e  v e r y  l a r g e  s t a n d s  o f  e e l g r a s s :  (1) 
P a d i l l a  Bay i n  n o r t h e r n  Washington; (2) 
W i l l a p a  Bay a n d  G r a y s  H a r b o r  i n  
southwestern Washington; and ( 3 ) Hurnboldt 
Bay i n  n o r t h e r n  C a l i f o r n i a .  There  a r e  
l a r g e  s t a n d s  i n  some p a r t s  o f  s o u t h e r n  
Br i t i sh  Columbia and on Vancouver Island, 
Canada ( ~ a r r i s o n  1979, Haegele  and Hamey 
1982). P h i l l i p s  (1972, 1974) c a l c u l a t e d  
t h a t  e e l g r a s s  covered u p  to 98  o f  t h e  
bot tom a r e a  o f  Puge t  Sound below mean 
lower l o w  water (MLLW). The l a r g e s t  stand 
o f  e e l g r a s s  i n  Oregon is a t  N e t a r t s  Bay 
( ~ i g u r e  3 ) .  Table  2 lists the v a r i o u s  
locations i n  the  region where ee lg rass  has 

j b e e n  found  and  t h e  e x t e n t  o f  a r e a l  
coverage o f  g rowth  w h e r e  documented .  

i E e l g r a s s  is found th roughout  the P a c i f i c  
N o r t h w e s t  i n  s h e l t e r e d  w a t e r  o n  a n  

I u n c o n s o l i d a t e d  s u b s t r a t e  a n d  w h e r e  
c u r r e n t s  do n o t  exceed 3.5 knots .  Depth 
of growth does not exceed -6.6 m (-22 f t ) ,  
and s a l i n i t y  i s  n o t  less t h a n  20 p p t  
(except near r i v e r  m o u t h s  a t  low t ide ) .  

Zostera japonica was p robab ly  i n t r o d u c e d  
i n t o  t h e  r e g i o n  from Japan th rough  t h e  
oyster  industry ( ~ a r r i s o n  1976). Japanese 
o y s t e r s  were in t roduced  i n t o  Willapa Bay 
i n  1928 ,  a n d  t h e  s p e c i e s  was  f i r s t  
c o l l e c t e d  by Hotchkiss  i n  1957 (Har r i son  
and Bigley 1982). These o y s t e r s  were  
increasingly imported after 1928 (Harrison 

Figure 5. Eelgrass--(a) Vegetative plant  and  B i y l e y  1982) .  T h e  s p e c i e s  is  
(b) Par t  of spadix with mature seeds p r e s e n t l y  found from Coos Bay ( P h i l l i p s ,  
( a f t e r  Phillips 1980) ( ~ l l u s t r a t i o n  unpublished r e s e a r c h ) ,  t o  Netarts Bay, 
courtesy of the U.S. A r m y  Coastal Oregon; i n  Wi l lapa  Bay and  Grays Harbor, 
Engineering Research Center, Fort Belvoir, Waskington; and e x t e n s i v e l y  from P a d i l l a  
~ i r g i n i a )  . Bay, Washington; t o  Nanaimo on  Vancouver 



Table 2. D i s t r ibu t ion  and e x t e n t  o f  e e l g r a s s  growth i n  the P a c i f i c  Northwest. 

Extent  of  
Location S ize  o f  e s t u a r y  e e l g r a s s  growth Fe f erence  

( b o t t m  coverage) 

B r i t i s h  Colunbia, 
Canada 

Haegele and Hamey 
1982 

North cmst of 
Vancouver 
I s land  

M b e r t s  Bank 
Boundary Bay 

-- Moody 1978 
25 h2 Harrison 1979 
(6,447 acres) : 
sha res  w i t h  
Zostera japonica 

Washing ton 

Near Bellingham 
Drayton Harbor 
Birch Bay 
L m i  Bay 

Simenstad et al. 1979 
Simenstad et al. 1979 
Simenstad et a l .  1979 

Sari Juan  I s l ands  

Numerous loca- 
t i o n s ,  p a r t  ic- 
u l a r l y  around 
San Juan Is., 
Grcas Is. , 
mpez  IS. 

77.6 km2 
(20,000 acres) 

P a d i l l a  Bay 
near  Anacortes 

S i g n i f i c a n t  Pryne 1979 
s tand  

Fidalgo Bay near  
Anacortes 

-- P h i l l i p s  1981 

-- P h i l l i p s  1972 Whidbey Is land  

11.63 km2 
(3,000 acres) 

Snohcmish Estuary 4 0 p e r c e n t c o v -  D r i s c o l l 1 9 7 8  
ered by e e l g r a s s  

9 percent  o f  P h i l l i p s  1972, 1974 
b o t t m  below MLLW 

met Sound proper 

S t r a i t  o f  Juan  
d e  Fuca 

Simenstad et al. 1979 
Simenstad et  al. 1979 
P h i l l i p s  and Grant 
1965 

Eeckett  m i n t  
W r t  Williams 
Crescent  Bay 



Table 2. (Continued) 

-- 

Extent o f  
b a t i o n  Size of  e s t u a r y  ee lg ra s s  growth Feference 

( b o t t m  coverage) 

C a n a l  

Nearly contin- -- 
uous band 
a r o u n d  canal.  
Sane v e r y  la rge  
meadows. 

P h i l l i p s  and 
Fleenor 1970 

Willapa ~ a y  347 h2 6,208 ha (15,520 S n i t h  1976; 
(74,207 acres)  acres)  ; s ign i f  i- Wilson 1981 

cant  stand 

Grays Harbor 95.5 q2 Sign i f i can t  Army Corps o f  
(38 m i  , stand; 4,455 ha Engineers ~ u l y  1977a; 
24 ,636acres)  (11 ,000acres)  Sn i th  1976 
a t  MLUJ of ee lg ra s s ;  half 

of t h i s  is i n  
dense stands. 
There are 275 ha 
(680 acres) of 
2. japonica - 
(Dense def iaed a s  
70 shoo t s /mL.  
k n s i t y  could be 
a s f e w a  7 2 shoots/m . ) . 

Oregon 

Necanicun River -- 

Nehalem Bay -- 

Til lamook Bay -- 

Low to moderate Proc tor  e t  al. 1980a 
percent  of 
ee lg ra s s  

Low to moderate Proctor  e t  al. 1980a 
percent  of 
eelg rass 

Eloderate percent  Proctor  e t  al.  1980a 
of e e l g r a s s  

Netarts Bay 612 ha (1,520 161 ha (395 Stout  1976; 
acres)  tide- acres)  on t ide-  Kentula 1983 
lands and lands  (48% ; 
329 ha (806 175 ha (429 
acres)  sub acres)  sulmerged 
merged (52%) 

Nestucca Bay -- Moderate percent  Proctor  e t  al. 1980a 
of  ee lg ra s s  

continued 



Table 2. (Concluded) 

Extent o f  
m a t  ion Size  o f  e s t u a r y  e e l g r a s s  growth I& fe rence  

( b o t t m  coverage) 

Salmon River -- 

S i l e t z  Bay -- 

Moderate percent  Proctor e t  al. 1980a 
o f  e e l g r a s s  

Moderate percent  Proctor e t  al. 1980a 
o f  e e l g r a s s  

Yaquina Bay 15.8 $L Eloderate to high Proctor e t  a l .  1980a 
(6.1 mi ) percent  of 

e e l g r a s s  

Alsea Bay -- 

Unpqua River -- 

Ooos Bay 

Coqui l le  River  -- 

Sixes  River -- 

~ c g u e  River -- 

P i s t o l  River; -- 
Winchuck River 

Chetco River -- 

Cal i fo rn i a  

Humboldt Bay 

Low to merate Proctor e t  al. 1980a 
percent  of  
e e l g r a s s  

Low percent  o f  Proctor e t  al. 1980a 
e e l g r a s s  

Low to high per- Proctor  et al.  1980a 
c e n t  o f  e e l g r a s s  

Low t o  moderate Proc tor  e t  a l .  1980a 
percent  of  
e e l g r a s s  

L o w p e r c e n t o f  P r o c t o r e t a l . 1 9 8 0 a  
e e l g r a s s  

Low to moderate Proctor e t  al. 1980a 
percent  o f  
e e l g r a s s  

Low percent  o f  P roc to r  e t  al. 1980a 
e e l g r a s s  

Lowtomodera te  P r o c t o r e t a l .  1980a 
p e r c e n t  of 
e e l g r a s s  

Tota l  su r f ace  -- 
a rea  a t  high 
t i d e  is 52.4 km 
(24.1 m i  ) 

Proctor e t  a l .  1980b 

North Bay -- 435 ha ( 1,088 Harding and But ler  
a c r e s  1 1979 

South Bay -- 786 ha (1,965 Harding and Butler 



Island, and Vancouver, Canada (Harrison However, because so little is known of 
and Bigley 1982). No attempt will be made eelgrass distribution in Oregon, it is 
to list all known eelgrass distribution, worthwhile to list in Table 2 distribution 
with one exception. as it is known (Proctor et al. 1980a). 



CHAPTER 2 
THE BIOLOGY OF EELGRASS 

2.1 VEGETATIVE GlXWlTd STRATEGIES 

Sauvageau (1889, 1890, 1891), Setchell  
(19291, Phi l l ips  (1972), and Tomlinson 
(1974, 1980) described the morphology and 
anatomy of  eelgrass. Eelgrass leaves 
possess an anatomy typical  of submerged 
hydrophytes: namely, cutin on the leaf is 
thin,  there  a r e  no stomata, chloroplasts 
are densely packed and l i e  principally i n  
t he  epidermis ,  t h e  internal  ce l lu l a r  
s t ructure  consis ts  of large thin-walled 
aerenchyma cells  with numerous a i r  canals 
(lacunae), and the vascular t i s sue  has 
reduced xylem (Tomlinson 1980). A s  with 
grass-like monocots whose leaves stand 
erect ,  there a r e  no dorsal or  ventral  
s ides  t o  the  leaf  blade. The lacunae a re  
continuous from the leaf blade through the 
rhizome t o  the root t i p s  and carry o2 and 
C02 throughout the plant. Because these 
lacunae may also store and recycle 02, the 
standard method of measuring prlmary 
productivity by measuring O2 changes i n  
the water around eelgrass plants is  not 
accurate (Hartmanand Brown1967; Jacobs 
1979; Zieman and Wetzel 1980). The leaf- 
t i p s  a re  rounded, while the  blades a r e  
s t r a p l i k e .  Leaf width depends on the 
severity of the climate i n  a region, the  
season, and t i d a l  zone (Setchell 1920, 
1929; Phi l l ips  1972; Kentula 1983). The 
leaves are produced by a meristem terminal 
on a short  shoot (erect  branch from the 
horizontal rhizome). The oldest  shoot 
(defined as  an erect branch with a bundle 
of leaves) is  terminal on the rhizome. 
Occasionally the meristem on the terminal 
shoot gives r i s e  t o  a l a t e r a l  rhizome 
branch with a meristem tha t  produces 
leaves. 

Depending on the  length of the growing 
season, the number of leaves produced in a 

year, andthe  number of l a t e r a l  branches 
produced, the individual eelgrass plant 
has a variable growth and expansion r a t e  
over the bottom. There is  one rhizome 
ncde prcduced for each new leaf initiated; 
the same meristem which produces a leaf 
a l so  produces a new internode for  the 
e longa t ing  branch. S e t c h e l l  (1929) 
theorized t h a t  eelgrass plants  produced 
two l a t e r a l  branches during a growing 
season and that  the terminal shoot always 
flowered during the second year following 
development from a seed. In t h i s  scheme 
eelgrass is a biennial plant. 

Eelgrass rhizome a r e  buried from 3-4 c m  
(1.2-1.6 inches) up t o  20 cm (8.0 inches) 
deep i n  sediment,  depending on t h e  
s e d i m e n t  c o n s i s t e n c y .  I n  f i r m e r  
substrates,  rhizomes may be only half  a s  
deep a s  i n  s o f t  muddy substrates. Two 
bundles of roots a re  produced a t  each 
rhizome node. 

New leaves grow on alternating sides from 
the  meristem on the shoot. Subtidal 
shoots in  Puget Sound typically carry five 
leaves each during summer and four in  
winter e hilli ips 1972), while intertidal 
shoots in  Oreyon averaged four leaves each 
i n  June and a s  few a s  2.5 each i n  August 
(Kentula 1983). Keller and Harris (1966) 
reported tha t  the number of leaves per 
shoot i n  Humboldt Bay ranged from two t o  
thirteen but averaged three to four. 

Kentula (1983) analyzed the growth of a 
leaf  i n  re la t ion t o  i ts  age-position on 
t h e  shoot. The youngest l e a f  was 
designated No. 1. The greatest proprtion 
of growth occurred i n  posit ion No. 2. In 
April-May these leaves accounted for 48%- 
65% of the t o t a l  growth of the shoot and 
from 75%-95% of the  growth from June- 
October. 



There a r e  seasonal  d i f f e r ences  i n  l e a f  
dimensions o f  eelgrass .  I n t e r t i d a l  and 
s u b t i d a l  l e a v e s  are longer and wider i n  
summer than  i n  w in te r  (Table 3) (Tutin 
1938, Burlholder and Doheny 1968, Phill ips 
1972, Kentula 1983). These changes i n  
d imens ion  n o t  o n l y  a f f e c t  func t iona l  
a s p e c t s  o f  t h e  ecosystem (product ivi ty ,  
reduced e ip iphyte  load, amount of  l i t t e r  
f o r  d e c o m p o s i t i o n ) ,  b u t  a l s o  t h e  
s t ructural  aspects (density of leaf cover 
f o r  t h e  re fuge  and nursery func t ions  of 
the animal communities) . 
Setchell (1929) noted t h a t  eelgrass growth 
was seasonal  and co r re l a t ed  wi th  5O C 
intervals of  temperature. While eelgrass 
ac t iv i ty  i n  the Pacific Northwest does not 
f a l l  neatly i n to  these intervals, it does 
appea r  t h a t  e e l g r a s s  shows d i s t i n c t  
s e a s o n a l  p a t t e r n s  o f  a c t i v i t y ,  
p a r t i c u l a r l y  i n  t h e  case  of vege ta t ive  
growth and reproductive cycles. Phill ips 
(1976) created a Phenolcgical Index of 14 
sepa ra t e  c h a r a c t e r i s t i c s  o f  s e a g r a s s  
act ivi ty ,  bu t  shortened the list to three 
reproduct ive phases following a 4-year 
c o l l e c t i o n  program o f  t u r t l e  g r a s s  
(Thalassia testudinum Banks ex Konig) arid. 
eelsrass  from a wide distributional range 
i n  i o r t h  America ( P h i l l i p s  e t  a l .  1983~) .  
The t h r e e  p h a s e s  were s i g n i f i c a n t l y  
c o r r e l a t e d  wi th  water  temperature. The 
th ree  events  were i n i t i a l  da t e  of flower 
buds, i n i t i a l  d a t e  o f  a n t h e s i s ,  and 
initial date  of vis ible  fruits.  Dates of 
maximum and minimum biomass were analyzed, 

but no significant correlations with water 
temperature appeared. T data also 
indicated that  both species may include 
genotypes wi th  d i f f e r e n t  t e m p e r a t u r e  
requirements f o r  reproduct ive  a c t i v i t y  
tha t  are selectively adapted t o  d i f fe ren t  
habi ta t s .  This  s tudy  does no t  r u l e  o u t  
the influence of other factors  which could 
cont ro l  phenology; namely, day length  
(photoperiod) and n u t r i t i o n a l  s t a t u s  o f  
the plants. 

D e s p i t e  a l a c k  o f  c o r r e l a t i o n  o f  
vege ta t ive  a c t i v i t y  w i t h  environmental 
variables , eelgrass demonstrates seasonal 
r e g u l a r i t y  i n  t h e  P a c i f i c  Nor thwes t  
  hilli ips 1972, Puget Sound; Kentula 1983, 
Netar t s  Bay, Oregon). Leaves t y p i c a l  o f  
winter growth (narrower, shorter) appeared 
i n  September i n  N e t a r t s  Bay, w i t h  a 
complete change t o  t h e  w i n t e r  forrn by 
December. I n  Puget Sound t h e  win te r  
leaves begin t o  appear i n  November. I n  
both a r e a s  new vege ta t ive  growth events  
occur before  t h e  water  c o o l s  and warms, 
respect ively.  Table 4 lists t h e  f i e l d  
observations made on eelgrass  phenology i n  
the Pacific Northwest. 

In Denmark, Ostenfeld (1908) ca l cu la t ed  
tha t  a shoot of eelgrass produced four to 
six new leaves annually. Petersen (1913) 
s t a t e d  t h a t  ee lg ra s s  shoo t s  i n  Denmark 
each produced t e n  leaves  i n  summer and 
f i v e  more i n  winter.  I n  Puget Sound, 
Phill ips calculated t h a t  e e l g r a s s  shoots  
produced an annual c rop  o f  15 leaves  

Table 3. Seasonal changes in leaf dimensions of eelgrass i n  Puget Sound, Washington. 

Season Tidal Zone Width in mn (inches) Length i n  an (ft) NO. of leaves/ 
shoot (X) 

Winter In ter t ida l  3-5 (0.1243.20) U p  t o  25 (1) 

Slntnner In ter t ida l  4-7 (0.16-0.28) U p  t o  58 (1.67) 4 in June; 2.5 in 
A L K J U S ~ ~  



Table 4. Field observations on eelgrass phenology in the Pacific Northwest   hilli ips 
1972; Kentula 1983). 

Event Ear l ies t  m n t h  and range Water temperature in 
O C  ( O F )  

1. New gro.43 Of roots, rhizanes, and leaves February 
typica l  of sumner 

2. Appearance of flcxrrering s t a lk s  ?larch ( t o  July)  6.5 (43.7) 

3. Seed germination April ( t o  ~ u l y )  
(occurs a l l  year but 
predaninantly £ran 
Fpri l  t o  July) 

4. Vegetative growth bu r s t  July 

5. Seed production July ( t o  October) 

6. Seed d ispersa l  Mid-August ( t o  October) 

7. End of smmer leaves and production of November 
winter leaves 

Zostera j a p n i c a  (southern Br i t i sh  Colunbia, Canada; Harrison 1982a) 

1. Seed germination 

2 .  Vegetative gr- 

3 .  Appearance of f lcwers 

Mid-March (maximum i n  April-May; 
t o  August) 

April (maximum i n  August; t o  
January) 

July (maximum i n  August; t o  
December) 

( P h i l l i p s  1972).  I n  Oregon, K e n t u l a  
(19831, working i n  t h e  i n t e r t i d a l  zone, 
calculated that mean l i f e t i m e s  o f  leaves  
were 34-34.8 days i n  April ,  49 days i n  
May, and 40.7-55.7 days i n  June-October. 
The s h o r t e r  per iods  i n  Apr i l  were due t o  
leaves  sloughing from t h e  p l a n t  f a s t e r  
than t he i r  production. The longer period 
of 55.7 days was a t t r i b u t e d  t o  shoots  i n  
t he  lower i n t e r t i d a l  region. Th i s  s tudy  
a l s o  determined t h a t  t h e  t ime i n t e r v a l  
between t h e  sloughing of  two success ive  
leaves on one shoot varied from a s  few as 
7.1 days ( ~ a y - J u n e  1981) t o  a s  many as 
23.3 days ( ~ a y  1981). Table 5 l ists t h e  
methods o f  c a l c u l a t i n g  t h e s e  t i m e  
i n t e rva l s .  I n  Oregon it appears  t h a t  
i n t e r t i da l  eelgrass may a l so  produce about 
four to f i v e  crops of leaves/year (Kentula 
1983). Sand-Jensen (1975), using a l e a f  
marking technique, ca l cu la t ed  t h a t  t h e  
mean l i fe t ime of leaves in Denmark was 56 

days and t h a t  new leaves  were produced 
every 14 days. 

Under most  c o n d i t i o n s  e e l g r a s s  forms 
p e r e n n i a l  s t a n d s .  Under  c e r t a i n  
conditions of s t ress ,  eelgrass may a c t  a s  
a n  annua l  p l a n t  w i t h  a v e r y  heavy 
product ion o f  seeds  (Felger  and McRoy 
1975, Mexico; Keddy and Pa t r iqu in  1978, 
Nova Scotia, Canada; Bayer 1979a, Oregon; 
J a c o b s  1982, Europe; P h i l l i p s  e t  al .  
1983b, Washington). S t r e s s  f a c t o r s  may 
include high and low water temperatures ,  
reduced water  s a l i n i t y ,  and i n t e r t i d a l  
loca t ions .  Recent work has  shown t h a t  
s eag ras s  spec i e s  may form genotypes that 
a r e  s e l e c t i v e l y  a d a p t e d  t o  d i f f e r e n t  
h a b i t a t s  (McMillan and P h i l l i p s  1979; 
P h i l l i p s  and Lewis 1983; P h i l l i p s  e t  a l .  
1983a,b) .  Environmental  f a c t o r s  t h a t  
a p p e a r  t o  c o r r e l a t e  w i t h  g e n o t y p i c  
formation inc lude  temperature, sa l in i ty ,  



Table 5. Calculations for  mthods of determining leaf growth and release ( ~ m l i n s o n  
1972, 1974; Patriquin 1973; Jacobs 1979; Kentula 1983). 

- - 

Method Calculations 

Plastochrone In terval  (P.I.) 
( ~ e p r e s e n t s  t i m e  in terval  between 
the  in i t i a t ion  of two successive 
leaves on one shoot) 

E x p r t  Interval  (E. I. ) 
(Represents t ime interval  between 
sloughing of tm successive leaves 
on one shoot) 

No. of shoots marked x observation pericd i n  days 
No. of new leaves on marked shoots 

No. of shoots marked x observation period i n  days 
No. of  leaves sloughed frcm marked shoots 

Multiply the P. I. x mean no. o f  leaves/shmt t o  ge t  
mean l ifet ime of a leaf  on a shoot 

l i g h t ,  and combinations of  temperature- 
l i g h t  along a depth gradient .  Work has 
a l s o  shown t h a t  e e l g r a s s  may e x h i b i t  a 
phenotypically p las t ic  growth r e s p s e  to 
changes in env irorunental conditions 
(Phi l l ips  1972; Backman 1983; Phill ips and 
Lewis 1983). Eklgrass fran stressed envi- 
roments typically shows genotypic ( eco- 
typic) differentiation, while eelgrass 
fran envirormentally optimm ( l eas t  
stressed) conditions shows a phenotypi- 
ca l ly  plast ic  response t o  the envirorment. 

2.2 REPFODWIVE STRATEGIES 

of range from Ca l i fo rn i a  t o  Alaska: a. 
I n t e r t i d a l  p l a n t s  s u b j e c t e d  t o  wide  
f luc tua t ions  i n  temperature,  s a l i n i t y ,  
rad ia t ion ,  grazing,  e ros ion ,  and wave 
action. These p l a n t s  have a much higher  
incidence o f  flower and seed product ion 
t h a n  p l a n t s  i n  s u b t i d a l  zones;  b. 
Subtidal plants a r e  re la t ive ly  undisturbed 
physically and biologically, and show the 
l e a s t  f l o w e r i n g  response,  i nd ica t ing  
perennial  p l a n t s  and a K-selected t r a i t .  
Bayer (1979a) found a n  upper i n t e r t i d a l  
zone o f  ee ly ra s s  i n  t h e  Yaquina es tuary ,  
Oregon, made up o f  annual ee lg ra s s .  H e  
also found t h a t  t he  incidence of  flowering 
declined over the gradient from the  upper 
inter t idal  t o  the subtidal zone. 

recent studies have Harr iMn ('979) capared the reprductive sexual reproductive pa t t e rns  of  ee lgrass  e f f o r t  of e e l g r a s s  and - 2. j a p o n i s  and i n  t he  P a c i f i c  Northwest ( P h i l l i p s  1972: concluded 2. ,a nica was an r- 
Harrison 1979; Kentula 1983; P h i l l i p s  e t  
a 1  198313). The events  and t iming a r e  s t r a t e g i s t ,  w h i l e  e e l g r a s s  w a s  a K-  

summarized i n  Table 4. Harrison (1982a) s t r a t e g i s t .  Z. japonica i n h a b i t s  a h igh  

reported t h e  phenology of 2 japonica inter t idal  l o c ~ t i o n ,  while eelgrass grows 

ee able 4). below it. Harrison (1982a) concluded that 
ee lgrass  may be a f a c u l t a t i v e  annual i n  

With t h e  s tudy  of  phenology o f  ee lgrass  
and & j a p n i c a  has come an application to 
the  r-K s e l ec t ion  theory ( ~ a c A r t h u r  and 
~ i l s o n  1967) and u s e  of  t h e  word 
" s t r a t eg i e s "  t o  descr ibe  growth patterns 
and interactions i n  the field. It appears 
tha t  on the Pacific coast of North America 
eelgrass has three  d i s t i n c t  l i f e -h i s to ry  
s t r a t e g i e s  ( P h i l l i p s  e t  a l .  1983b): (1) 
Gulf o f  Cal i forn ia ,  where a l l  p l an t s  
flower i n  March, produce seed i n  April and 
May, and decay a s  water temperatures 
exceed 27O C (80.6O F), an  annual h a b i t  
and r-selected t ra i t :  (2) Central portion 

a r e a s  where p l a n t s  a r e  exposed  t o  
condit ions t o o  harsh  f o r  i t s  adap t ive  
tolerance and t h a t  2. japonica is  an  o p  
portunist t h a t  over-winters predominantly 
a s  seed and can quickly complete its l i f e  
cycle i n  6-7 mo. ( i n  southern Canada). It 
is important that we determine i f  annual 
eelgrass i n  the Gulf of California and i n  
the Pacific Northwest is rea l ly  annual or 
whether p ~ p u l a t i o n s  may r e a l l y  behave 
f acu l t a t i ve ly .  Harr ison (1982b) found 
t h a t  both e e l g r a s s  and Z. japonica could 
l i v e  toge ther  i n  spring,but Z. j aponica  
declined i n  summer a s  the longer eelgrass 



leaves overtopped them and created deeper 
shade. 

eelgrass decays when the water temperature 
exceeds 27O C ( ~ 0 . 5 ~  F). 

I n  t h e  s u b t i d a l  zone sexua l  reproduct ion 
does n o t  p l a y  an  impor tan t  r o l e  i n  the 
growth and maintenance of  a n  e e l g r a s s  
meadow ( P h i l l i p s  1972; Kentula 1983). 
During a s tudy  i n  Puget Sound, P h i l l i p s  
(1972) tagged numerous s eed l ings  i n  the 
subtidal and found 100% mortality. I n  one 
denuding experiment  on ly  one s eed l ing  
colonized a 1-m2 p l o t  i n  t h e  sub t ida l ,  
w h i l e  f i v e  s e e d l i n g s  appea red  i n  a n  
i n t e r t i d a l  plot. 

There appears t o  be a d i r e c t  relationship 
between the  amount of physical disturbance 
( h i g h  o r  l o w  w a t e r  t e m p e r a t u r e s ,  
i n t e r t i da l  conditions) and a dependence on 
sexual reprduc t ion  ( d q r e e  o f  flower and 
seed production and survival of seedlings) 
t o  main ta in  an e e l g r a s s  meadow i n  t h e  
i n t e r t i d a l  zone. I n  t h e  s u b t i d a l  zone 
there  i s  a dependence on vegetative growth 
t o  main ta in  t h e  meadow s hilli ips 1972; 
P h i l l i p s  e t  a l .  1983b). 

2.3 PHYSI0IXX;ICAL R E Q U I ~ S  AND 
FUNCTIONS 

Table 6 includes a general list of habi ta t  
f a c t o r s  unde r  which  e e l y r a s s  g rows  
(ph i l l i p s  1974). 

Temperature 

Eelgrass worldwide survives under a wide 
range o f  water  temperatures .  I t  appears  
t h a t  an  o v e r a l l  range of  5O C t o  27O C 
(41° F t o  80.5O F) would inc lude  m o s t  
a r e a s  where t h e  p l a n t  is es tab l i shed .  
Extreme l i m i t s  a t  which eelgrass is known 
t o  su rv ive  a r e  a minimum o f  -6O C (21.2O 
F) i n  Alaska (Bieb l  and McRoy 1971) and a 
maximum of 40.5' C (104.9' F )  (Arasaki  
1950) measured a t  a substrate depth of 3-5 
cm. qptirnm temperatures for  growth 
seem t o  l ie between l@ C and 200 C (5a0 F 
to  68O F) i n  m o s t  a r e a s  o f  t h e  world 
  hilli ips 1 9 7 4 ) .  I n  P u g e t  Sound 
v e g e t a t i v e  and r e p r o d u c t i v e  a c t i v i t y  
occurs i n  a temperature range of 6.0O C to 
12.5O C (42.8O F to  54.5O F). I n  l o c a l  

In  Netarts Bay, Oregon, water temperature 
v a r i e s  from 8 O  C t o  11° C (46.4O F to  
51.8O F) i n  w in t e r  t o  ~ 6 . 0 ~  C t o  28.5O C 
(60.8O F t o  83.3O F) i n  summer (S tout  
1976). The lat ter  tempera ture  was r a r e  
and only  occurred over  a t i d e f l a t  dur ing  
daytime summer low t ides .  

A l l  seagrass species appear to have upper/ 
lower temperature tolerance levels  (Thayer 
e t  a l .  1975a; McMillan 1978). McMillan 
(1978) subjec ted  t h r e e  d i f f e r e n t  Puget 
Sound e e l g r a s s  populat ions,  each w i t h  
d i f f e r e n t  l e a f  w i d t h s ,  t o  three 
temperature treatments. After 4 mo. each 
p o p u l a t i o n  c o n t i n u e d  to  maintain i t s  
o r i g i n a l  d i s t i n c t  g e n e t i c  l i m i t s  o f  
ecoplasticity to their environment. These 
tolerance levels  vary with the loca l  area 
( ~ c ~ i l l a n  1979; P h i l l i p s  e t  a1 1983a). 
Ee lgrass  a t  t h e  nor thern  and southern  
extremes o f  d i s t r i b u t i o n  on both t h e  
A t l a n t i c  and P a c i f i c  coasts appears  to  
to le ra te  a much broader temperature range 
than  e e l g r a s s  i n  t h e  middle o f  t h e  ranye 
( P h i l l i p s  1980). 

The r e l a t i o n s h i p  o f  water temperature to 
eelgrass reproductive @ysiology was shown 
by P h i l l i p s  e t  a l .  (1983a). Analyzing 
c o l l e c t i o n s  from a wide d i s t r i b u t i o n a l  
range on both coast l ines  i n  North America, 
t h e y  d e m o n s t r a t e d  a s i g n i f i c a n t  
c o r r e l a t i o n  o f  p l a n t  ac t i v i t y  with water 
temperature.  I t  w a s  also suggested t h a t  
eelgrass may form genotypes with d i f fe ren t  
t e m p e r a t u r e  r e q u i r e m e n t s  t h a t  a r e  
select ively adapted to conditions a t  loca l  
sites and over a l a t i t ud ina l  gradient. 

B i e b l  and ~ c R o y ( 1 9 7 1 )  demonstrated t h a t  
e e l g r a s s  i n  Izembek Lagoon possessed a 
broad response t o  temperature.  Local 
p l a n t s  survived f r eez ing  i n  ice a t  -6O C 
(21.1° F) , b u t  e e l g r a s s  from Washington 
S ta te  and California could not. Tidepool 
e e l g r a s s  i n  Izembek Lagoon showed 
increased photosynthesis and s u r v i v a l  up 
to 35O C (95O F), while photosynthesis and 
survival i n  subt idal  plants  declined above 
30O C (86O F). 

areas water temperatures may warm to 18O C 
(64.4O F) during daytime summer low tides. Short (1975) diagrammed a relationship of 
I n  the Gul f  o f  C a l i f o r n i a ,  Mexico, e e l g r a s s  p r o d u c t i v i t y  a n d  w a t e r  

13 



T a b l e  6. Numerical characteristics of eelgrass habitat factors (Phillips 1974). 

Habitat factor Vegetative growth Flcwering s t a t e  Seed gemination 

Temperature 

optinam lo0  C to 20" C 15O-20O C (a0 C-go C i n  Puget sound) 5O-10O C (41.0° F- 
(50.0" F to 68.0° F) ( 5 9 ° F t o 6 8 0 F ; 4 6 . 4 0 F t o 4 8 . 2 0 ~ )  50-00F)  

Sa l in i ty  

Optimm 

Depth Light 

Substrate 

Range 

Water W t i o n  

Freshwater - 42 ppt -- 
10-30 ppt  %me a s  optimum 

1.8 m above M U  
to 30 m deep 

MLLW - 6.6 m b e l w  MLLW Effect unkmwn 
(11 rn a t  high t i d e )  

Pure firm sand to pl re  
s o f t  ~md 

Mix& sand and mud 

7.3-9.0 

No e f f ec t  

Effect u n k m  

w e  Waves t o  stagnant water -- 
opt imm L i t t l e  wave action.  

Gentle currents to 
3.5 kmts 

Effect l.dcrmm 

-- 

4.5-9.1 ppt 

-- 

LJo e f f ec t  

No e f f ec t  

Effect u r ~ k m ~  

-- 

Effect unkmm 

tempera ture  ( a f t e r  BiebL and McRoy 1971; ( ~ s t e n f e l d  1908). I n  t h e  B a l t i c  Sea 
Figure 6). s a l i n i t i e s  a r e  seasonally d i l u t e d  t o  6 

ppt.  A t  t h i s  t i m e  e e l g r a s s  becomes 
Salinity stunted (Kikuchi and Peres 1977). 

E e l g r a s s  i s  an  e u r y h a l i n e  s p e c i e s  
 a able 6 ) .  It grows a t  stream mouths when 
the w a t e r  is fresh a t  low t ide  (~s terhout  
1917; Ph i l l ips  unpublished research, Hood 
Canal, Washington) but does no t  grow i n  
p e r s i s t e n t  fresh water. Tut in  (1938) 
found e e l g r a s s  a t  Chesil  Beach, Borest, 
England, where summer water sa l in i ty  was 
a s  h i g h  a s  4 2  ppt .  I n  Puget  Sound 
eelgrass grows best i n  a sa l in i ty  range of 
20 ppt-32 Ppt. A s a l i n i t y  range of  10 
ppt-30 ppt i s  optimum f o r  growth 

In  Alaska ee lgrass  maintained an osmotic 
r e s i s t a n c e  t o  s a l i n i t y  changes  from 
freshwater t o  93 ppt  ( ~ i e b l  and McRoy 
1971). I n  124 ppt  leaves were k i l l e d .  
Pos i t ive  n e t  production was found i n  a 
range from freshwater to  56 ppt,  w i t h  a 
maximum i n  31 ppt  (normal seawater). 
Respiration was depressed i n  f reshwater  
but was only sl ightly affected from 31 ppt 
t o  93 ppt. Tide pool and sub t ida l  p l a n t s  
showed the same reactions. Leaves of both 
populations were pretreated by soaking i n  



1.0- i n f luence  the redox p o t e n t i a l  o f  t h e  
>- sediments  and minera l  cyc l ing  processes  

w '- 
2 2 (Swinchatt  1965, Fenchel and Riedl  1970, 
5 6 0.5- Burrell and Schubel 1977, Kenworthy e t  al. 
~ ' 2  1982). Not only  d o  t h e  rooted p l a n t s  
" g 

a extract  and entrap f ine  par t ic les  from the 
o o* water ,  and form and r e t a i n  p a r t i c l e s  

0 10 20 
30 produced wi th  the  g r a s s  bed, b u t  t h e  

TOC rhizome-root system binds and s t a b i l i z e s  
Figure 6. Relative productivity of eel- t h e  s u b s t r a t e  (Bur re l l  and Schubel 1977). 
grass a t  varying temperatures ( a f t e r  Short Orth (1977a) found t h a t  e e l g r a s s  d e n s i t y  
1975 ) . w a s  d i r e c t l y  r e l a t e d  t o  t h e  degree o f  

sediment s tab i l i ty .  

water of 93 p p t  and then  heat ing.  Tide 
pool plants  showed greater heat  resistance 
than did subtidal plants. 

P h i l l i p s  (1972) found t h a t  s a l i n i t y  was 
the principal factor influencing eelgrass 
seed germination. Up t o  708 of  e e l g r a s s  
seeds tested germinated in  s a l i n i t i e s  from 
5 ppt-10 p p t  a t  a l l  t e m p e r a t u r e s .  
However, a t  10 pt seed germination often B doubled from 10 C t o  15O C but  did not do 
so  i n  f u l l  s t r e n g t h  seawater  (30 ppt) .  
The relationship o f  seed germinat ion and 
s a l i n i t y  was a l s o  found by Tut in  (1938; 
England)  and A r a s a k i  (1950; J a p a n ) .  
Recently, McMillan (pers .  comm. 1983), 
working i n  Mexico, found t h a t  e e l g r a s s  
seed germination i n  the annual populations 
there was related t o  temperature. 

Sediments 

Eelgrass colonizes sediments varying from 
f i rm sand w i t h  moderate wave a c t i o n  t o  
s o f t  mud i n  q u i e t  bays ( ~ s t e n f e l d  1908; 
Phi l l ips  1974). Plants have been found on 
gravel mixed with ccarse sand where growth 
is patchy (Tutin 1938). Sediments a r e  not 
merely a s t a t i c  medium where t h e  p l a n t s  
s ink  r o o t s  and anchor. P l an t s  absorb 
n u t r i e n t s  f rom t h e  s e d i m e n t s  which 
s t i m u l a t e  l e a f  formation. When leaves  
slough from t h e  p l a n t s ,  t hey  a r e  broken 
down by mechanical processes and micrcjbes, 
and add organic and inorganic materials t o  
t he  sediment. A s  t h i s  happens, shoot  
d e n s i t y  may inc rease  which no t  on ly  adds 
more l e a f  l i t te r  b u t  a l s o  forms a dense 
b a f f l e  and a dense rhizome-root mat t h a t  
s tab i l izes  bottom materials (Ginsburg and 
Lowenstam 1958, Fonseca e t  a l .  1982a).  
Thus, in time, seagrasses affect  the mean 
g r a i n  s i z e ,  s o r t i n g ,  skewness, and shape 
of sediment  p a r t i c l e s ,  parameters  t h a t  

Owing t o  the volume of fal l ing part iculate  
ma t t e r  i n  t h e  seagrass  l e a f  b a f f l e ,  an  
a n o x i c  l a y e r  fo rms  w i t h i n  s e v e r a l  
m i l l i m e t e r s  o f  t h e  s e d i m e n t  s u r f a c e  
( F e n c h e l  a n d  R i e d l  1 9 7 0 ) .  T h e s e  
condi t ions  a r e  appropr ia te  f o r  s u l f u r  
b a c t e r i a  and t h e  s u l f u r  cycle ,  which 
remineralize nutr ients  from the entrapped 
l i t t e r .  These b a c t e r i a  reduce s u l f a t e  t o  
sulf ide and maintain a suff icient ly low Eh 
and pH s o  t h a t  n i t rogen  mine ra l i za t ion  
particularly,  proceeds fas te r  than its use 
by the microbial community. Kenworthy e t  
a l .  (1982) found t h a t  the highest pools of 
n i t rogen  were w i t h i n  t h e  sediments o f  
midbed loca t ions .  Smith e t  al. (1981a) 
descr ibed  endobacter ia  i n  t h e  roots of  
e e l g r a s s  t h a t  w e r e  a s s o c i a t e d  w i t h  
n i t rogen  f i x a t i o n  (Smith e t  a l .  1981b8 i n  
Zieman 1982). E a r l i e r ,  Pa t r iqu in  and 
Knowles (1972) described nitrogen fixation 
i n  t h e  roo t  systems of  ee lgrass .  The 
developing sediment-microbial-nutrient- 
s e a g r a s s  complex t h u s  d e v e l o p s  as  a 
system, and phys ica l  d i s turbances  have 
s e r i o u s  e f f e c t s  on t h e  s u b s t r a t e  as a 
sui table  site for  seagrass growth. Stout 
(1976) and M a r s h a l l  and  Lukas (1970) 
r e p o r t e d  t h e  h i g h e s t  o r g a n i c  ca rbon  
content i n  sediments of eelgrass beds. 

Eelgrass increases sedimentation ra tes  i n  
t h e  beds, r e s u l t i n g  i n  t h e  concent ra t ion  
o f  f i n e  p a r t i c l e s  ( p o s i t i v e  skewness), 
decrease  o f  mean p a r t i c l e  s i z e ,  i nc rease  
o f  organic  content ,  increase  o f  sediment 
s o r t i n g ,  and  i n c r e a s e  o f  s e d i m e n t  
s t a b i l i z a t i o n .  These  func t ions  were 
c l e a r l y  demonstrated by S tou t  (1976), 
B u r r e l l  and Schubel (1977), Or th  (1977a), 
Church i l l  e t  a l .  (1978), Fonseca (1981), 
Fonseca et  al. (1982b) and Kenwori31y e t  al. 
(1982). I n  North Carol ina,  Thayer e t  al. 
(1975b) determined that mean sedimentation 



rate and percent organic carbon (14 mm/yr; 
1.8%, r e spec t ive ly )  i n  an  e e l g r a s s  bed 
were  i n t e r m e d i a t e  be tween a n  open  
e s t u a r i n e  s i t e  and a pro tec ted  i s l a n d  
site. In  Izembek lagoon, Alaska, sediment 
composition was f i n d  to be qui te  variable 
(McRoy 1966; Figure 7). Orth (1977a) 
reported that sediment s t a b i l i t y  resulted 
i n h i g h  infaunal diversi ty  within eelgrass 
beds. 

I t  i s  p o s s i b l e  t h a t  the  sediment t e x t u r e  
may i n f l u e n c e  the  ee lg ra s s  growth form. 
I n  Denmark, Ostenfeld (1908) found a 
narrow-leaved form on wave-exposed coasts 
on f i r m  sand,  a narrow-leaved form i n  
shallow w a t e r  on mixed sand and mud, and a 
wideleaved form i n  deeper water on so f t  
mud. H e  concluded t h a t  l ea f  width and 
length w e r e  direct ly  related to the nature 
of the substrate. 

Gross e f f e c t s  of ee lg ra s s  on sediment 
s t a b i l i z a t i o n  have been observed. Sand 

Figure 7. Sediment composition of four 
eelgrass beds in an Alaskan lagoon. 
Percentages a r e  by weight ( a £  t e r  McRoy 
1966 ) . 

banks, formerly covered by eelgrass, were 
lowered  b y  30 cm (12  i n c h e s )  a l m o s t  
o v e r n i g h t  i n  Salcombe Harbor ,  G r e a t  
Bri ta in,  a f t e r  t h e  p l a n t s  disappeared i n  
1931 (Wilson 1949). Many spec i e s  o f  
f i l t e r - f eed ing  inve r t eb ra t e s ,  mollusks,  
and seve ra l  f l a t f i s h e s  a l s o  disappeared. 
Up t o  29 c m  (8 inches) o f  sediment eroded 
from unvegetated sand banks fol lowing a 
s i n g l e  s t o r m  i n  Chesapeake Bay, wh i l e  
l i t t l e ,  i f  any, sediment disappeared from 
wi th in  a nearby e e l g r a s s  meadow (Orth 
1977a). 

Current Velocity 

Moderate current speeds appear t o  enhance 
eelgrass growth. In  Puget Sound, Phi l l ips  
(1972, 1974) observed t h e  most l u x u r i a n t  
ee lgrass  where t i d a l  c u r r e n t s  reach 3.5 
knots. Conover (1958) found t h a t  the 
optimum c u r r e n t  speeds w e r e  about the 
average neap and spr ing  t i d a l  c u r r e n t  
speeds i n  t h e  range of  0.6-0.0 knots  (30- 
40 cm/sec) . Inferent ial  evidence suggests 
tha t  rapid currents  break down d i f f u s i o n  
gradients across the leaf  surface and make 
more C02 and n u t r i e n t s  a v a i l a b l e  t o  the 
plants (conover 1968). Conover a l so  found 
tha t  eelgrass biomass and production were 
s t rongly in f luencedby  c u r r e n t v e l o c i t y .  
I f  c u r r e n t s  a r e  t o o  slow, e e l g r a s s  grows 
poorly and algae tend t o  dominate (Proctor 
e t  al. 1900b). Too much c u r r e n t  t e a r s  
l e a v e s  from t h e  p l a n t  o r  e r o d e s  t h e  
substrate. 

Several s tud ie s ,  e s p e c i a l l y  t h e  work b y  
Fonseca on e e l g r a s s  (G insburg  a n d  
Lohenstan 1958; Fonseca 1981; Fonseca et  
al .  1982a) docunented tb ef fec t  of sea- 
grass leaf canopies on reducing current 
flow velocity and turbulence. This 
e f f ec t ,  coupled with the dense network of 
rhizanes and roots, established an envi- 
ronment of deposit ion within the bound- 
ar ies  of an eelgrass meadow, leading to 
large p l s  of nitrogen in the sediment. 

Eelgrass does not grow where wave shock i s  
regular  (Ostenfeld 1908; P h i l l i p s  1974). 
Tut in (1938) observed only  patchy growth 
of eelgrass on the south coast of England 
tha t  was e x p e d  t o  f a i r l y  heavy seas. 



Oxygen 

There a r e  Li t t le  d a t a  t o  i n d i c a t e  t h a t  
oxygen is a l imit ing factor  o r  const i tutes  
a s t r e s s  on the system. Diurnal  changes 
can be extreme, however. Broekhuysen 
(1935) reported on O2 changes i n  the water 
o v e r  a n  e e l g r a s s  meadow i n  Holland.  
Anoxic cond i t i ons  prevai led from 1:00 am 
u n t i l  6:00 am. A t  3:00 pm t h e r e  was a 
360% s a t u r a t i o n  o f  O2 i n  the  w a t e r  
(Figure 8) .  H e  r ea soned  t h a t  a n i m a l s  
within the eelgrass meadow must be adapted 
t o  the  a n o x i c  c o n d i t i o n s  and  t o  t h e  
lowered pH levels  attendant with the low 
0 2 .  Imai e t  a l .  (1951) recorded that  the 
dissolved O2 concentrat ion marked1 y 
decreased when large mats of eelgrass 

Figu~ 
bed ( 

b lades  decayed. However, th i s  l e d  to a 
bloom of  Monas sp., which was e a t e n  by  
o y s t e r s  a n d  o t h e r  f i l t e r - f e e d i n g  
m a c r o b e n t h o s .  A p p a r e n t l y  l o w  02  
concentrations i n  water aver eelgrass beds 
do  n o t  harm animal  communities i n  t h e  
system. 

Suda (1974) found gross oxygen production 
and respiration of  an  e e l g r a s s  community 
i n  summer to  be  5.49-10.87 g02/m2/day (X 
=8.07) w h i l e  r e s p i r a t i o n  was 3.92-7.99 

!2 g02/m /day  (9=5.70).  S h o r t  (1975)  
diagrammed t h e  v a r i a t i o n  o f  e e l g r a s s  
product ion by i t s  r e l a t i o n s h i p  t o  O2 
evolution over a period of a year (Figure 
9 ) .  

McRoy (1966) demonstrated that eelgrass is 
capable of anerobic respiration. 

- 260 Solar Radiation 
- 2% 
- 240 Although l i g h t  energy i s  the s i n g l e  m o s t  
- 230 i m p o r t a n t  f o r c i n g  f u n c t i o n  o n  a l l  

ecosystems, it is seldom measured, even in - 220 studies  of productivity ( ~ i e m a n  and Wetzel 
-210 1980). Recent s t u d i e s ,  however, noted a - 200 r e l a t i o n s h i p  i n  e e l g r a s s  product ion a s  a - 100 function of radiat ive energy  illon on 1971; 
- 180 McRoy and McMillan 1977; Dennison 1979; 
- 170 Dennison and Alber te  1982). I n  North 

Carol ina,  D i  l l o n  (1971 found production 
-160 , 1 t o  be 6.6-9.3 m g ~ / m  / l a n g l e y ,  w h i l e  
-Iso e e l g r a s s  product ion i n  Alaska was 12.9- 
-140 5 14.4 mgc/m2/langley. Ee lg ra s s  i n  North 

+ g C a r o l i n a  p r o d u c e d  7.5-44 m g ~ / d r y  

- 126 $ w t /  langley, while i n  Alaska production was 
-110 13.5-17 m g ~ / g  d r y  w t / l a n g l e y .  McRoy 
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(1974) a n d  W i l l i a m s  and McRoy (1982) 
repor ted  t h a t  seagrass  p roduc t iv i ty  i n  
seven North American seagrass species was 
a function of  irradiance (estimated by 14c 
up take ) .  They a l s o  found t h a t  i n  
mu l t i spec i e s  systems, co lonizer  spec i e s  
had uptake r a t e s  up to  four times greater 
than climax species. 

Lower dep th  l i m i t s  o f  seagrass  growth 
depend o n  a number o f  i n t e r r e l a t e d  
f a c t o r s :  a v a i l a b i l i t y  o f  s u i t a b l e  
s u b s t r a t e ,  c u r r e n t  v e l o c i t y ,  l i g h t  
p e n e t r a t i o n ,  exposure  t o  waves, a n d  
t u r b i d i t y  ( ~ h a y e r  e t  al. 1975a; P h i l l i p s  
1980). I n  Puget Sound and i n  Oregon, 
l i g h t  penetration in  winter appears t o  be 
a l i m i t i n g  f a c t o r  ( P h i l l i p s  1972; S tou t  
1976). Eelgrass transplants were made in 
J u l y  1970 a t  1.5 m (5 f t ) ,  3 m (10 f t ) ,  
and 4.5 m (15 f t )  deeper than  the  lowes t  
depth l i m i t  o f  ee lg ra s s  i n  Puget Sound. 
A l l  t ransplants  survived unt i l  winter. I n  
March 1971 t h e  ee lg ra s s  a t  3 m and 4.5 rn 
lower t h a n  the  na tu ra l  depth l i m i t  had 
d i e d .  S t o u t  (1976) t h e o r i z e d  t h a t  
sedimentation and turbidity brought about 
by logging a r e m a j o r  l i m i t i n g  f a c t o r s  on  
depth of  e e l g r a s s  growth i n  t he  P a c i f i c  
Northwest. Burkholder and Doheny (1968) 
s t a t e d  t h a t  e e l g r a s s  was l i m i t e d  t o  
s u b s t r a t e s  where a t  l e a s t  1% o f  t h e  
inc iden t  l i g h t  remains. They noted i n  
South Oyster  Bay, Long Is land  Sound, New 
York, that eelgrass leaves were longer in 
shallow wa te r  1 m ( 3  f t )  deep than  a t  1.8 
m (6 f t )  deep. Leaves i n  water 2.4 m (9 
f t )  deep were only 25% a s  long as  those a t  
1 m deep. A t  many s t a t i o n s  l i g h t  
intensi ty  a t  1 m deep was only 19%-30% of  
i t s  i n c i d e n t  v a l u e  a t  t h e  s u r f a c e .  
Optimum l i g h t  i n t e n s i t y  f o r  e e l g r a s s  
product ion v a r i e s  between 0.42 and 0.92 
langleys/minute ( S h o r t  1975).  McRoy 
(1974) and Burkholder and Doheny (1968) 
found the optimum l i gh t  level  for growth 
t o  b e  50% o f  t h e  maximum inc iden t  l i g h t  
occurring during the growth period. 

Eelgrass  h a s  been reported down t o  30 m 
(100 f t )  deep o f f  San Diego, C a l i f o r n i a  
(Cottam and Munro 1954). Other depth  
records o f  eelgrass extend to 18 m (60 f t )  
in  the  Triest Gulf ( ~ e c h e t  1906) and to 20 
m (67 f t )  i n  t h e  Black Sea (Caspers 1957). 
I n  Denmark, Ostenfeld (1908) found t h a t  
ee lg ra s s  grew t o  11 m (37 f t )  i n  c l e a r  
water b u t  on ly  t o  5.4 m (18 ft) i n  t u r b i d  

water. Depth i s  even l e s s  when water  i s  
more tu rb id  ( ~ u r k h o l d e r  and Doheny 1 x 8 ) .  

One s t u d y  done i n  a n  Oregon e s t u a r y  
determined that the most important water 
quality parameter related to eelgrass w a s  
turbidi ty  (OSU 1977). The amount of l i g h t  
reaching t h e  l e a f  b lades  i s  l i m i t e d  by 
shading, by plant density, leaf  length and 
width, and the age of the leaf surface a s  
it accunulates epiphytic growth (Proctor 
e t  dl. 1980b). I n  Alaska, E n n i s o n  (1979) 
found t h a t  e e l g r a s s  l e a f  p a r a m e t e r s  
respond t o  changes i n  l i g h t  q u a l i t y  and 
quant i ty .  These l i g h t  changes  o c c u r  
seasonal ly  and a t  d i f f e r e n t  t i d a l  s t a g e s  
a s  t he  l e a f  canopy is  e r e c t  o r  bends as 
the t ide  recedes. The greatest  leaf  area 
w a s  found i n  t h e  lower one-third of t h e  
canopy he igh t  and diminished above and 
below t h a t  point (an adjustment t o  shading 
when leaves were b e n t  over) ,  w h i l e  l e a f  
biomass was greatest  near the bottom and 
decreased near  t h e  t o p  of  t h e  canopy. 
When l i g h t  t o  t h e  p l a n t s  was increased  
u s i n g  r e f l e c t o r s ,  i n c r e a s e d  l e a f  
prduct ion  ra tes  were obtained. Dennison 
and ALberte (1982) noted that eelgrass is 
adapted t o  very low l i g h t  condi t ions;  i n  
p a r t i c u l a r  t h e  l i g h t  compensation rates ,  
saturation p i n t s ,  photosynthe t ic  rates, 
and respiration ra tes  are much lower than 
o the r  higher  p lan ts .  They found t h a t  
deeper water e e l g r a s s  adjusts  t o  changes 
i n  t h e  l i g h t  regime by changing i t s  l e a f  
production r a t e s  (a lowered l i g h t  regime 
r e s u l t s  i n  a g r e a t l y  lowered product ion 
rate). Eelgrass i n  shallow water was nut 
a f f e c t e d  by l i g h t  changes.  Shading  
e x p e r i m e n t s  have  shown tha t  r a p i d  
reduct ions i n  d e n s i t y  and s tanding  s tock  
o c c u r r e d  a s  a r e s u l t  o f  d e c r e a s e d  
i r r ad i ance  (~ackman and B a r i l o t t i  1976; 
Dennison 1979; Dennison and Alberte 1982). 
In  California, eelyrass density decreased 
18 days a f t e r  i n s t a l l a t i o n  of  shading 
canopies which r e su l t ed  i n  a decrease  i n  
down-welling illuminance of 63% (~aclanan 
and Bari lot t i  1976). After 9 months shoot 
d e n s i t i e s  decl ined t o  5% of  t h e  ad j acen t  
unshaded control .  Flowering percentage 
was a l s o  reduced  under  t h e  s h a d i n g  
canopies. 

I t  is evident  t h a t  t u r b i d i t y  caused by 
dredging, sewage, o i l ,  and plankton blooms 
can have far-reaching ef fec ts  on eelgrass. 
I t  is  poss ib le  t h a t  i f  e e l g r a s s  d e c l i n e s  



enough, increased erosion of  bottom sedi- 
ments could occur which would a f f ec t  their 
recovery. Following the  disappearance of 
e e l g r a s s  i n  some lagoons i n  Denmark i n  
1931, sediment eroded away down to t h e  
cobble base,  and Fucus sp. invaded. No 
eelgrass ever r e t h e d ~ ~ a s m u s s e n  1977). 

Zonation 

Harrison (1979) noted t h a t  Z. japonica 
grows h i q h e r  o n  t h e  shore-than d o e s  
eelgrass. Desiccation has been given a s  
the major factor  limiting the upper 
inter t idal  dis t r ibut ion of eelgrass 
(Johnson and York 1915; P h i l l i p s  1972). 
Harrison ( 198213) experimentally con£ irmed 
t h e  low r e s i s t a n c e  o f  e e l g r a s s  t o  
desiccation and found tha t  5 japonica was 
much more r e s i s t a n t  t o  d e s i c c a t i o n .  
Occasionally, eelgrass is  so dense that it 
r e t a r d s  t h e  r u n o f f  o f  w a t e r  o v e r  a 
t i d e f l a t  o f  low r e l i e f  a t  ebb t i de .  Th i s  

occurs i n  Izembek Lagoon, Alaska (~ennison 
1979) and i n  Ne ta r t s  Bay, Oregon ( s t o u t  
1976). I n  t h e s e  a r e a s  it i s  l i k e l y  t h a t  
p l a n t  production is g r e a t l y  enhanced i n  
these lagoons. 

The re  have  been  a l i m i t e d  number o f  
a t t e m p t s  t o  p l a c e  e e l g r a s s  i n  a 
s u c c e s s i o n a l  scheme l e a d i n g  t o  t h e  
c r e a t i o n  of a marsh ( Je f f e r son  1975). I t  
i s  t r u e  t h a t  e e l g r a s s  meadows t r a p  and 
s t ab i l i ze  a great  quantity of sediment and 
that the sediment level  may be raised aver 
time. There is  abso lu t e ly  no evidence, 
however ,  t h a t  t h i s  t y p e  o f  h a b i t a t  
succession h a s  ever  occurred anywhere. 
The presence of e e l g r a s s  l e a f  fragments 
underlying marsh l i t t e r  ( J e f f e r son  1975) 
is  not evidence that eelgrass succeeded to 
a marsh hab i t a t .  I t  means t h a t  e e l g r a s s  
leaf  l i t t e r  became trapped by an adjacent 
m a r s h  and was buried under l i t t e r  from the 
marsh. 



CHAPTER 3 
THE EELGRASS SYSTEM 

3.1 E'UNCI'IONS OF THE EET-GRASS SYSTEM 2. Food and feeding pathways 

A l l  s e a g r a s s e s  perform a number o f  
f u n c t i o n s  i n  t h e i r  e n v i r o n m e n t s .  
Depending on the  s i z e  and growth form of 
the plant, the seagrass species can modify 
the physical and biological environment t6 
some degree.  I n  t h e  t r o p i c s ,  e a r l y  
s u c c e s s ~ o n a l  genera ,  ~ a i o ~ h i l a  an; 
Halcdule, and temperate species such as & 
j apn ica  and - Z. nol t i i ,  have shallow root 3.  
systems and small  blades and produce 
l i t t l e  l i t ter.  A s  ecological succession 
i n  multispecies systems proceeds t o  climax 
species with their  large dimensions, high 
l i t t e r  production, and deep penetrat ing 
roots, the environment can be modified in 
more dramatic ways. Except for  surfgrass, 
Phyl lospadix ,  which grows on rocky 4. 
s u b s t r a t e s ,  s e a g r a s s e s  o c c u r  o n  
unconsol ida ted  subs t ra t e s ,  mostly of  
uniform r e l i e f .  Owing t o  t h e i r  presence 
on and penetration into their substrates, 
seagrasses create a diversity of habitats 
and substrates,  providing a s tructured 
habitat from a structureless one (Phillips 
1972, 1978). 

Zieman (1982) recently revised a list of 
seagrass functions that were originally 
enmerated by Wxd e t  a l .  ( 1969 : 5. 

1. High prduction and growth 

The abi l i ty  of seagrasses to  exert a 
major i n f l u e n c e  on t h e  mar ine  
seascape is due i n  l a r g e  p a r t  t o  
their  extremely rapid growth and high 
net  productivi ty ( leaves typ ica l ly  
grow 5 rnm/day b u t  can  a t t a i n  18 
4 - 1  

Seagrass ma te r i a l  may follow two 
energy pathways: d i r e c t  grazing on 
t h e  l i v i n g  p l a n t  m a t e r i a l  or 
utilization of de t r i tus  from decaying 
seagrass material, prirnar i l y  leaves. 
Both living and d e t r i t a l  material may 
be expr ted  £ran its original source. 

Shelter 

Seagrass beds serve  a s  a nursery 
ground f o r  food and s h e l t e r  f o r  
juveniles of 3 variety of f infish and 
s h e l l f i s h  o f  c o m m e r c i a l  and  
recreational importance. 

Habitat stabilization 

Seagrass s tabi l izes sediments in two 
ways: a. leaves slow and r e t a r d  
current flow, reducing water velocity 
near the  sediment-water in te r face ,  
which promotes sed imenta t ion  of 
particles and i n h i b i t s  resuspension 
of organic and inorganic material; b. 
r h i z o m e s  and r o o t s  f o r m  a n  
interlocking matrix, which bonds 
sediment and retards erosion. 

Nutrient effects  

Detrital production and sedimentation 
provide organic matter for sediments 
and maintain an a c t i v e  environment 
for  nu t r i en t recyc l ing .  Seagrasses 
and epiphytic algae can f ix  nitrogen, 
a d d i n g  t o  t h e  n u t r i e n t  p o o l .  
Seagrass absorbs n u t r i e n t s  from t h e  
sediments and releases t h e m  in to  the 
water from t h e  leaves,  a c t i n g  as a 
nutrient p t ~ n p  for the sediment. 



t o  d a t e  impl ies  t h a t  biomass parameters  
r e f l ec t  the nature of the substrate. 

The te rms  used t o  d e s c r i b e  biomass w i l l  
fol low t h e  d e f i n i t i o n s  i n  Zieman and 
Wetzel (1980): s tanding  crop  r e f e r s  t o  
above-sediment ma te r i a l ,  whi le  biomass 
r e f e r s  t o  t h e  weiyht  of  a l l  l i v i n g  p l a n t  
material. mth are expressed a s  mask per 
u n i t  area. 

Representative dens i t ies  a r e  reported, but 
dens i ty  can  vary seasonal ly ,  w i t h  depth, 
and with substrate  nutr ients  and texture. 
A f e w  v a l u e s  w i l l  be l i s t e d  f o r  
comparative purposes  able 7). 

A s  w i th  d e n s i t y  values,  biomass a l s o  
v a r i e s  w ide ly .  I t  a p p e a r s  t h a t  t h e  
pattern f i r s t  noted by Ostenfeld (1908) of 
d e c r e a s e d  d e n s i t y  on  f i r m  sand  and 
increased density on sof te r  substrates may 
be the only correlat ion possible. Most of 
t h e  b iomass  o f  e e l g r a s s  i s  i n  t h e  
sediments. Depending on t h e  season, t h e  
r a t i o  of 1eaves:rhizomes-roots varies from 
1: 1 i n  summer t o  1:2 o r  g r e a t e r  i n  win ter  
i n  Puget Sound ( P h i l l i p s  1972). These 
same r a t i o s  were found i n  ee lg ra s s  i n  
Denmark (Sand-Jensen 1975 ) . I n  Long 
Is land ,  N e w  York, Burkholder and Doheny 
(1968) found e e l g r a s s  leaf-shoot:rhizome 
r a t i o s  of 2:3 i n  sand and 10:3 i n  mud. I n  
s o u t h e r n  B r i t i s h  Columbia, Canada, 
e e l g r a s s  r a t i o s  va r i ed  from 0.8 to 1.6 
( ~ a r r i s o n  1 9 8 2 ~ ) .  H e  has  made t h e  only  
analysis of 1eaf:rhizome-root ra t ios  in Z, 

a onica (2.0-2.6). Recently, Kenworthy 
1981 a l s o  repor ted  a s h i f t  i n  1eaf:root  f - r  

r a t i o s  from those  i n  favor  of leaves  t o  
roots w i t h  a s h i f t  i n  substrates from mud 
t o  coarse  sand. Kentula (1983) repor ted  
leaf-shoot:  rhizome-root r a t i o s  varying 
from 1:l t o  1:10 a l o n g  i n t e r t i d a l  
t r a n s e c t s  o f  e e l g r a s s  i n  Ne ta r t s  Bay, 
Oregon. I n  one study, Smith e t  a l .  (1979) 
determined t h a t  e e l g r a s s  r o o t  and roo  
ha i r  surface areas  were 48.2 and 138.9 mm 5 
r o o t ,  r e s p e c t i v e l y .  I n  t h e  t r o p i c a l  
colonizing species Halodule wrightii ,  the  
root and root-hair surface areas were 34.8 
and 19.2 mix2 root, respectively. 

In  Table 7 only  s tanding crops w i l l  b e  
reported. The s m a l l e s t  seagrass standing 
crop  was 6g d r y  wgt/rn2 i n  Humboldt Bay, 
C a l i f o r n i a  ( w a d d e l l  1964), wh i l e  t h e  
h i g h e s t  v a l u e  was 2,@60 d r y  wgt/m2 
( ~ u r k h o l d e r  and Doheny 1968). Work done 

Ca lo r i c  va lues  o f  e e l g r a s s  t i s s u e  have 
only  r a r e l y  been reported. I n  North 
Carolina, c a l o r i c  va lues  ranged from 3.54 
cal/mg ash-free dry w t  i n  January t o  4.82 
cal/mg ash-free d r y  w t  i n  June t o  5.73 
cal/mg ash- f r e e  d r y  w t  from Apr il-May 
during flowering (annual mean w a s  4.48 
cal/mg; Thayer e t  a l .  1975b). There was 
seasonal  v a r i a t i o n  noted. I n  Izembek 
Lagoon, Alaska, McRoy (1966) repor ted  a 
mean of  4.125 cal/mg ash-free d ry  w t  f o r  
leaves  and 3.967 cal/mg ash-free d r y  w t  
for  rhizomes. 

3.3 PROCUCI'IVITY AND MEASlJWPEER 

A number o f  r e p o r t s  have  documented 
seagrass meadows as one of the r ichest  arid 
most product ive o f  ecosystems, r i v a l i n g  
c u l t i v a t e d  t r o p i c a l  a g r i c u l t u r e  i n  
p roduc t iv i ty  (summarized by Zieman and 
Wetzel 1980). The ea r l i e s t  work to re la te  
t h e  v a l u e  o f  e e l g r a s s  t o  i n s h o r e  
ecosystems w a s  the work of Petersen (1891, 
1913, 1918) and coworkers a t  the  Danish 
Marine Biological  S t a t i o n  (Pe tersen  and 
Boysen-Jensen 1911; O s t e n f e l d  1908; 
Boysen-Jensen 1914; Blegvad 1914, 1916). 
These s c i e n t i s t s  concluded t h a t  organic  
d e t r i t u s ,  der ived  c h i e f l y  frorn t h e  decay 
o f  ee lgrass ,  was t h e  b a s i c  source of  
n u t r i t i o n  o f  animals  i n  Danish c o a s t a l  
w a t e r s ,  e s p e c i a l l y  t h e  b e n t h i c  
i nve r t eb ra t e s  and t h a t  t h e  abundance of 
f i s h  i n  Denmark was due  c h i e f l y  t o  
eelgrass. 

Es t imates  have shown t h a t  e e l g r a s s  can 
a t t a i n  p r o d u c t i v i t i e s  up t o  8 g~ /m2/da  2' and an  annual production of 500 g ~ / m  . 
Several  f a c t o r s  a r e  d i r e c t l y  c o r r e l a t e d  
w i t h  e e l g r a s s  p r o d u c t i v i t y :  l i g h t ,  
temperature,  carbon s u p p l y ,  n u t r i e n t  
supply, and p l a n t  densi ty .  Thus, t h e r e  
a r e  h o u r l y ,  d a i l y ,  a n d  s e a s o n a l  
differences at local  sites a s  w e l l  a s  over 
a geographic g r a d i e n t .  I n  a d d i t i o n ,  
methds  of analyzing productivity vary i n  
r e l i a b i l i t y  from l ea f  marking (Zieman 
19681, 14C uptake  i it taker and Iverson 
1976), ha rves t  method (Petersen 1913; 
P h i l l i p s  1972; Mukai e t  a l .  1979), t o  re- 
la t ing  biomass t o  t he  plastochrone in t e rva l  
(P.I.; Pa t r iqu in  1973; Jacobs 1979). No 



2 Table 7. Representative eelgrass density and standing crop (g dry wt/m ).  Numbers 
represent means for s ta t ions  sampled. 

Species Location No. of veg. No. of repro. Standing crop Source 
shoots/n? shmts/n? 

Zostera Mexico 0 555 (April) 
mrina Gulf of California 

California 31-361 -- 
Hunboldt Bay 

Oregon 

Yaquina Bay 17-913 (less 209 
at MUM: 
greatest at 
higher 
elevations) 

Phillips et al. 1983b 

Keller 1963, Waddell 
1964, Keller and 
Harris 1966 
Harding a d  Butler 1979 

Bayer 1979a 

Netarts Bay 500-3,845 5-65 7-256 Kentu1.a 1983 

Washington 

Grays Harbor 74 -- -- Smith 1976 

Hccd Canal 62-287 7-10 -- Phillips et al. 1983b 

Whidbey island 71-861 5-66 95-540 Phillips 1972, 
Phillips et al. 1983b 

So. British Colunbia 25-150 1-18 4-88(bianass)Mady 1978, 
Harrison 1982c 

Alaska 

Various locations 243-650 4-100 -- Phillips et al. 1983b 

Iz&k Lagoon 740-4,380 48-653 186-1,840 

North Carolina -- -- 50-550 Dillon 1971, Thayer 
et al. 1975a, Penhale 
1977, Phillips et al. 
1983b 

New York .- -- 250-2,060 Burkholder and Doheny 
1968 

Rhde Island 629-2,044 67 -- Phillips et al. 1983b 

Canada 

Z. japonica So. Brltish Colunbia 160-450 - 70-150 4-20 (bionass)~arrison 1982c 



estimates are reported on work done using 
metabolic techniques; namely, the O2 
production method, owing to the 
uncertainty of equilibration of O2 in 
seagrass leaves, its rate of internal use, 
and periods of extremely rapid release 
( ~ i e m a n  1982). Table 8 lists 
representative production values of 

eelgrass, epiphytes, and microphytic and 
macrophytic algae among the eelgrass, as 
well as listing the leaf area index (LAI) 
for comparative purposes. For the most 
part the values reflect above ground 
product ion. Few rhi zome-root production 
estimates have been made. Those made by 
Mukai et al. (1979) were done using the 

Table 8. Primary production of compnents of the eelgrass ecosystem. 

Canpnent Location P rduc t iv i ty  Turnover rate L9I Source 
( g c / d / y r )  

Eelgrass p lant  California 266 (assune growing -- -- 
Hmkaldt Bay season Apr. t o  Oct.) 

Harding a d  Butler 1979 

Kentula 1983 oreqon 712 ( in ter t ida l ;  10 t i m e s  per 0.3-15.9 
Netarts Bay aboveground) year 

474 ( in ter t ida l ;  6.3 times per -- 
b e l m q r o d )  Year 

Washington 
met Sound 84-480 Phi l l ips  1972 

Alaska 180-320 
396-456 

North Carolina 90-306 
330 

Denmark 328 (aboveground) -- 
87 (belowgrod)  -- 

Jacobs 1979 France 389 (aboveground) -- -- 
183 (belowgrod)  -- -- 

Epiphytes Oregon 
Netarts Bay 23-75 -- -- Kentula 1983 

Penhale 1977 

Marshall 1970 

Davis 1981 

North Carolina 60 -- -- 

Massachusetts 20 -- -- 
Microphyte algae Oregon 81 (ass- 163-hr day; 

Netarts Bay growing season Apr. 
to Oct.) 

Macrophyte algae Oregon 490 (ulva) 7-19 - 
Coos Bay 1,700-r total green 

a lga l  mat) 

Pregnall 1983 

Davis 1981 Netarts Bay 8,100 (assme 10-hr day; -- 
g m i n g  season Apr. 
to Oct.) 

- Than 1981 Washington 2,122 (Entercm-orpha: - 
Grays H a r b r  (same assmptions a s  

for N e t a r t s  Bay) 



harvest m e t h o d ,  while those done by Jacobs 
(1979) and Kentula (1983) incorporated the 
P.I. method. 

In most cases production values were made 
a s  g d r y  ~ t / r n ~ / ~ r .  These were converted 
t o  g ~ / m 2 / y r  wi th  a conversion f a c t o r  of  
37% (Westlake 1963). 

Leaf marking  methods have  been  used 
succes s fu l ly  to  e s t i m a t e  n e t  product ion 
(~iernan 1974, stapling; Sand-Jem ?n 1975, 
fel t - t ip  pen; Kentula 1983, p l a s t i c  line). 
Blades a r e  marked a t  t h e  base, harves ted  
a f t e r  a t i m e  per iod,  and weighed. This 
method g i v e s  r e s u l t s  where t h e  s tandard 
e r r o r  is a t  most 15% of t h e  mean 
(Kentula, pers .  comm.). This method does 
not account fo r  below-ground production, 
excreted c a r b n ,  herbivory, o r  leaf loss. 

The 14c method measures product ion near 
n e t  p roduc t iv i ty  (Bi t taker  and Iverson 
1976). A f t e r  c o r r e c t i o n  f o r  s e v e r a l  
f ac to r s ,  d i f f e r e n c e s  from estimates made 
by leaf  markings were insignificant. The 
method is h igh ly  s e n s i t i v e  b u t  r equ i r e s  
soph i s t i ca t ed  and expensive f i e l d  and 
laboratory equipment. 

The h a r v e s t  method e s t i m a t e s  n e t  
production by sub t r ac t ing  minimum from 
maximum biomass o r  by doubling maximum 
standing c rop  (Peterson 1913, Grontved 
1958, Phi l l ips  1972). These estimates do 
not account f o r  l e a f  loss. Zieman and 
Wetzel (1980) s t a t e d  t h a t  t h i s  method 
shou ld  b e  avo ided ,  owing t o  g r o s s  
inaccuracies. 

The last method incorporated a s e r i e s  of  
biomass changes t o  t he  P.I. (Pa t r iqu in  
1973, Jacobs 1979). The technique appears 
t o  b e  t h e  o n l y  p r a c t i c a l  method o f  
determining below-ground production where 
equipment  n e c e s s a r y  f o r  1% i s  n o t  
available. 

Relat ively l i t t l e  work has been done on 
t h e  p r i m a r y  p r o d u c t i o n  of t h e  o t h e r  
components o f  t h e  ee lg ra s s  ecosystem 
(Table 8) .  I t  i s  evident  t h a t  ep iphyte  
loads on e e l g r a s s  leaves have a dramat ic  
effect. On the  one hand heavy growths may 
weigh down the leaves and remove Ehem from 
the  opt imal  po r t ion  of t h e  l i g h t  column 
and shade them (Figure 10). Sand-Jensen 
( 1 9 7 7 )  r e p o r t e d  t h a t  e e l g r a s s  

p h o t o s y n t h e s i s  w a s  reduced  31% b y  
epiphytes, primarily the  diatom Cocconeis 
scuttelum, a common species on eelgrass i n  
t he  P a c i f i c  Northwest. Penhale (1977) 
found t h a t  e e l g r a s s  e p i p h y t e s  c o u l d  
const i tute  up t o  24% of the  standing crop 
of e e l g r a s s  (24.7 g d r y  w t / m 2 )  w i t h  a n  
hourly p roduc t iv i ty  nea r ly  equal t o  t h a t  
of t h e  e e l g r a s s  (0.65 mgC/g/hr f o r  
epiphytes; 8.88 ngC/g/hr f o r  e e l g r a s s ) .  
Owing to t h e  s lnal l  biomass, t h e  annual 
production of epiphytes was e s t ima ted  t o  
be 18% o f  t h e  e e l g r a s s .  McRoy and 
McMillan (1977) found t h a t  i n  Alaska 
growths of a diatom, Isthmia nervosa, may 
constitute up t o  50% of the eelgrass plus 
epiphyte d r y  weight. I n  Oregon, Kentula 
(1983) found epiphyte biomasses varying 
from 25%-31% of  t h e  e e l g r a s s  biomass, 
depending on the season (0.4 g epiphytes/g 
leaf t o  2.3 g epiphytes/g leaf) .  

Microphyke algae have rece ived  much less 
a t t en t ion .  Brown (1962) e s t ima ted  n e t  
prduct ion  at a.24 g/m2/day i n  New pgland 
s a l t  pond ( ee lg ra s s  was 2.2 g/m /day). 
Gargas (1972) r e p o r t e d  v a l u e s  o f  50 
mgc/m2/day i n  an  e e l g r a s s  bed (maximum 
value i n  summer: 5 g ~ / ~ 2 / y r ) .  McRoy e t  
al .  (1973) found t h a t  e e l g r a s s  ep iphy te s  
cou ld  f i x  n i t r o g e n  i n  some t r o p i c a l  
species. 

Davis (1981), working i n  Ne ta r t s  Bay, 
Oregon, found t h a t  n e t  product ion of 
microalgae ( predminantly diatoms) was 

2 0.045 gCJm /hr, Shat of Enteranorpha and 
Ulva was 4.5 gum /hr , and of Gracilaria 
c 0 . 2  q2/m2/hr ( t h e  l a t t e r  t h r e e  a r e  
macroalgae cornmonly found among eelgrass). 

F i g u r e  11 d i a g r a m s  t h e  p r o p o r t i o n a l  
r e l a t i o n s h i p s  of s t a n d i n g  c r o p  and  
p roduc t iv i ty  i n  an  e s tua ry  ( a f t e r  Thayer 
e t  al. 1975a). 

The excretion ra te  from eelgrass w a s  shown 
t o  b e  1.5% o f  t h e  c a r b o n  f i x e d  i n  
p h o t o s y n t h e s i s ,  w h i l e  t h a t  o f  t h e  
e p i p h y t e s  on e e l g r a s s  w a s  2.0%; t h e  
excretion ra te  from heavily epiphyt ized 
eelgrass was 0.9% (Penhale and Snith 
1977). In the estuarine system near 
Beaufo r t ,  Nor th  C a r o l i n a ,  t h e y  a l s o  
e s t ab l i shed  t h a t  e e l g r a s s  excre ted  5.0 
g~/rn2/yr, and t h e  epiphytes  excre ted  1.5 
g ~ / m 2 / y r .  They concluded t h a t  e e l g r a s s  
and its epiphytes contributed 47% of their 



Figure 10. Ee lgrass  a t  Blakely I s l and ,  San Juan  Is lands ,  Washington, showing 
v e r y  heavy ep iphyte  loads. 

SECONDARY 
CARN l VORES 

0 . 4  gc/m2 

PRIMARY 
CARN l VORES 

2 . 1  gC/m 
2 

DEPOSIT  FEEDER 
2 1 . 0  gC/m 

SMOOTH CC 

14 g ~ / m 2 /  

I 

BENTHIC  F I L T E R  
FEEDERS 0 . 5  gc/m2 

Figure 11. propor t iona l  r e l a t i o n s  of s tanding crops  and p roduc t iv i t y  i n  
a North Carol ina e s tua ry :  A. Re la t ion  among standing crops  ( i n  terms of 
carbon) o r  organisms i n  an e s tua ry  nea r  Beaufort;  B. organic  production 
by the  major p l a n t s  i n  t h e  system ( a f t e r  Thayer e t  a l .  1975a). 



total annual primary p rduc t ion  and 14% of 
t h e i r  total  e x c r e t e d  m a t e r i a l  i n t o  t h e  
es tuar ine  system. 

3.4 ORGANIC AND INORGANIC NUTEUENI' 
CYCLING 

The anatomy of eelgrass, l i k e  that of all 
other s e a g r a s s e s ,  i s  m o d i f i e d  f o r  
metabolism, growth,  and reproduc t ion  i n  
the sea. 

1. The c u t i n  l a y e r  over  t h e  l e a f  i s  
th in .  

2. Leaf b l a d e s  are f l a t t e n e d  and t h i n  
w i t h  a v e r y  h i g h  s u r f  ace-to-volume 
ratio. 

3. There is an  extensive lacuna1 system 
which gives  buoyancy (they s t o r e  and 
t ranspor t  a grea t  quanti ty of O2 and 

a 2 '  

4. C h l o r o p l a s t s  are dense ly  packed i n  
t h e  epidermal  l a y e r  su r?ounding the  
l ea f .  

5. There  is a n  aerenchyma composed o f  
large, thin-walled c e l l s  which adjoin  
t h e  lacunae and f a c i l i t a t e  gas  and 
so lu te  diffusion.  

6 .  T h e r e  i s  a r e d u c e d  a m o u n t  o f  
mechanical  support ,  a l lowing  t h e  
l e a v e s  t o  f Lex and bend on a n  ebbing 
t i d e ,  which maintains their wetness  
and  g u a r a n t e e s  e x p o s i n g  a s  much 
p h o t o s y n t h e t i c  s u r f a c e  t o  solar 
r a d i a t i o n  as poss ible .  A t  t h e  same 
t i m e  the leaves are strong enough t o  
resist breaking when they a r e  whipped 
d u r i n g  wave a c t i o n   e erg us on e t  al. 
1980; Zieman 1982) . 

The major problem w i t h  procurement o f  
c e r t a i n  n u t r i e n t s ,  such a s  carbon, by 
s e a g r a s s e s  i s  t h a t  r a t e s  o f  g a s e o u s  
d i f f u s i o n  i n  w a t e r  a r e  s e v e r a l  o r d e r s  o f  
magnitude lower  t h a n  i n  air. Also, when 
the pH o f  seawate r  rises dur ing  v e r y  
a c t i v e  pho tosyn thes i s  (from 8.2 t o  8.9 or 
h igher ) ,  f r e e  C02 i n  t h e  w a t e r  is  g r e a t l y  
reduced o r  becomes unavai lable ,  a s  does 
t h e  KO3- ion .  I t  i s  now known t h a t  

seagrasses obtain most o f  their nu t r i en t s  
from t h e  sediments, which maintain a much 
lower pH i n  the  deep anoxic l ayer  beneath 
the very t h i n  surface oxic  zone. 

Numerous papers have documented t h e  uptake 
o f  n u t r i e n t s  (carbon, phosphorus, and 
n i t r o g e n ,  i n  p a r t i c u l a r )  f r o m  t h e  
s e d i m e n t s  b y  t h e  r o o t  s y s t e m ,  
t ranslocat ion through the seagrass plant ,  
and r e l e a s e  t o  the e p i p h y t e s  and w a t e r  
column. The p lan t s  and epiphytes can also 
absorb  these n u t r i e n t s  from t h e  w a t e r  to  
re lease  them t o  the i n t e r s t i t i a l  water i n  
the s e d i m e n t s  ( M C R O ~  and B a r s d a t e  1970; 
Mcmy et  al .  1972; McWy and W r i n g  1974; 
Harlin 1975, 1980; Penhale and 3ni th  1977; 
Wtze l  and Penhale 1979; Penhale and 
Thayer 1980; Short 1981) . All the  avail- 
able work done s t a t e s  t h a t  sediments are  
the preferred source fo r  nu t r i en t  uptake. 

T h e s e  l a b o r a t o r y  e x p e r i m e n t s  w e r e  
r e i n f o r c e d  by r e c e n t  f i e l d  exper iments  
us ing f e r t i l i z e r s .  O r t h  (197733) used 
Osmacote (14-14-14; a s l o w - r e l e a s e  
f e r t i l i z e r ) ,  placed i n  the sediments, and 
o b s e r v e d  dramatic i n c r e a s e s  i n  p l a n t  
s t and ing  crops.  E e l g r a s s  roo t / rh izomes  
increased 30%, the lea f  crop was three to 
four  t i m e s  h i g h e r ,  and shoot d e n s i t y  
increased. Increases i n  the standing crop 
were also observed following f e r t i l i z a t i o n  
o f  e e l g r a s s  i n  m o d e  I s l a n d  ( H a r l i n  and 
Thorne-Miller 1981) . 
Even though e e l g r a s s  needs  a v a r i e t y  o f  
macro- and m i c r o n u t r i e n t s ,  m o s t  o f  t h e  
r e s e a r c h  has c o n c e n t r a t e d  on  carbon, 
phosphorus, and n i t rogen .  Phosphorus 
supply does not appear to be l imi t ing.  I n  
Alaska, McRoy and Barsda te  (1970) found 
t h a t  e e l g r a s s  p l a n t s  were  a phosphorus 
pump from t h e  s e d i m e n t s  t o  the w a t e r  
column, b u t  i n  North C a r o l i n a  the r o o t s  
retained most of their absorbed phosphorus 
(Penhale  and Thayer 1980). McRoy e t  al. 
(1972) estimated that phosphorus turnover 
t i m e s  in the eelgrass meadows in Izembek 
Lagoon, Alaska, v a r y  from t w o  t u r n o v e r s  
per year to one every 2 years. 

E e l g r a s s  h a s  t h r e e  s o u r c e s  o f  i n o r g a n i c  
c a r b o n  (C02, H C O ~ - )  : r e c y c l e d  f r o m  
r e s p i r a t i o n  and p o t o r e s p i r a t i o n ,  t h e  
water column (which is n o t  a l i k e l y  source 
during ac t ive  photcsynthesis, owing to an 



increase i n  p~), and the sediments (Wetzel 
and Penhale 1979). Penhale and Thayer 
(1980) found that most of the inorganic 
carbon found i n  the eelgrass plant entered 
through t h e  r o o t  system. Of t h a t  amount 
72.4% remained i n  t h e  roots ,  24.4% was 
t r anspor t ed  t o  t h e  leaves,  and 3.2% w a s  
transferred t o  the epiphytes  (bac t e r i a ,  
micro- a n d  m a c r o a l g a e ) .  E e l g r a s s ,  
however, i s  very  i n e f f i c i e n t  i n  using 
inorganic carbon i n  photosynthesis.  The 
photosynthet ic  use o f  t h i s  t r a n s w r t e d  
carbon was only 5%-20%, the remaining a)2 

passing through the leaves w a s  released t o  
t h e  water  a s  CO ( ~ e t z e l  and Penhale 
1979). They a l so  Zound tha t  the  supply of 
inorganic carbon froin the  combined sources 
of respiration, photorespiration, and the 
water i s  i n  excess  o f  t h a t  needed f o r  
photosynthesis. 

Eelgrass  l eaks  a n  apprec iab le  arnount o f  
i ts  pho tosyn the t i ca l ly  f i xed  carbon a s  
d isso lved  o rgan ic  carbon (DOC). Penhale 
and Smith (1977) £ound t h a t  eelgrass l o s t  
1.5% of its fixed carbon a s  DOC (epiphytes 
removed), heavily epiphytized plants l o s t  
j u s t  0.9% as DOC, wh i l e  t h e  epiphytes  
a l o n e  l o s t  2.9% a s  DOC. We tze l  and 
Penhale (1979) found somewhat h i g h e r  
amounts. They repor ted  t h a t  e e l g r a s s  
could excrete a s  much as 5.2% of the fixed 
carbon a s  WC. Excretion r a t e s  were much 
h igher  i n  t h e  l i g h t  than  i n  t h e  dark; 
these ra tes  increased when the plants were 
dried. 

I n  1976 Benedict and Scott  suggested that 
c4 metabolism occurs  i n  some seagrasses .  
It  i s  now known t h a t  of 11 spec ie s  o f  
seagrasses ,  inc luding  ee lg ra s s ,  on ly  one 
s p e c i e s  (Cymodocea nodosa)  h a s  C4 
metabolism. 

Various i so topes  of  carbon occur  i n  t h e  
w a t e r .  S e a g r a s s e s  d o  n o t  u s e  t h e s e  
isotopes in the r a t io s  found in nature but 
tend t o  accumulate t h e  l i g h t e r  more 
mobile 12c i so tope  over  t h e  l3C form 

ieman and Wetzel 1980). The r a t i o s  o f  
14C/12C , c a l l e d  the 6 13c o r  d e l  13c 
rat io ,  are re la t ive ly  high i n  seagrasses. 
I n  a review of  12 genera and 47 spec ies ,  
McMillan e t  a l .  (1980) found t h a t  45 
species w e r e  within the range of -3 to -19 
ppt (two species of Halophila were lower). 
Several  s t u d i e s  determined t h a t  an imals  
approximate t h e  i s o t o p i c  composition o f  

t h e i r  d i e t s  and t h a t  the d e l  13c r a t i o  of  
seagrasses  may be  used a s  a n a t u r a l  food 
t racer  (Thayer e t  al. 1978; Fry and Parker 
1979; McConnaughey and McRoy 1979) .  
McMi1I.p e t  a l .  (1980) determined that the 
d e l  C r a t i o  f o r  e e l g r a s s  var ied  from 
-7.8 t o  -12.4 (X = -9.9) and tha t  for  2. 
japonica in Willapa BayI_ washington, 
varied £ram -15.3 t o  -16.3 ( X  = 15.8). 

N i t r o g e n  i s  needed i n  much g r e a t e r  
quant i t ies  and can be ra te  l imit ing (McRay 
and McMillan 1977; Short 1981). There a r e  
four  p o t e n t i a l  sources o f  n i t rogen  i n  an 
e e l g r a s s  meadow: (1) n i t rogen  f ixa t ion ,  
(2)  n i t rogen  i n  t h e  water column, (3) 
recycled n i t rogen  i n  t h e  sediments,  and 
(4)  l e a f  depos i t i on  (Kenworthy e t  a l .  
1982; Zianan 1982). 

P a t r i q u i n  and Knowles (1972) f i r s t  
r e p o r t e d  n i t r o g e n  f i x a t i o n  i n  t h e  
rhizosphere of  eelgrass. This was refuted 
by  McRoy e t  a l .  (1973) b u t  i s  now 
considered to occur. Smith e t  al .  (1981a) 
r e p o r t e d  e n d o b a c t e r i a  i n  r o o t s  o f  
e e l g r a s s .  These e n d o b a c t e r i a  were  
associated with ni t rogen f i x a t i o n  (Smith 
e t  a l .  1981b).  N i t r o g e n  f i x a t i o n  
d e f i n i t e l y  occurs  i n  t h e  rhizosphere of  
Thalassia of the t ropical  Atlantic (~apone  
e t  a l .  1979; Zieman 1982).  N i t rogen  
f i x a t i o n  a l s o  occurs  on t h e  phyl losphere 
of  ee lg ra s s  blades.  McRoy and Goering 
(1974) found t h a t  t h e  amount f ixed  by 
epiphytic blue-green algae was grea tes t  i n  
t r o p i c a l  spec ies  b u t  was not unimportant 
i n  ee lgrass ,  considering t h e  g r e a t  need 
for  nitrogen in the system. I n  Thalassia, 
Capone e t  a l .  (1979) found t h a t  n i t rogen  
f ixed  a t  t h e  b lade  contributed primarily 
t o  the epiphytic community. Zieman (1982) 
repor ted  t h a t  20% to 50% o f  t h e  n i t rogen  
requirements of  the Thalassia meadow could 
b e  suppl ied by n i t rogen  f i x a t i o n  i n  t h e  
rhizosphere. N i t r i f i c a t i o n  i n  ~ h a l a s s i a  
meadows was h i g h e s t  on t h e  developing 
margins and lower i n  the c e n t e r  where 
trapping and retention of the part iculate  
material  was greater. This w a s  a l so  found 
i n  ee lg ra s s  meadows i n  Alaska by Shor t  
(1981). 

The nitrogen in the leaves and that fixed 
by  e p i p h y t e s  i s  c a r r i e d  down t o  t h e  
s e d i m e n t s  as  whole  l e a f  m a t t e r  and 
d e t r i t u s  ( ~ a r r i s o n  and Mann 1975b).  
Nitrogen i n  the sediments a r i s e s  also from 



plant and animal excretion and dead 
r o o t /  rh izome decay  (NO2-, NO3-). I n  
seagrasses t he  primary source of  nitrogen 
f o r  l e a f  production is recycled material 
from sediments (Thalassia: Capone and 
Taylor 1980, Orth 1973). Un t i l  r ecen t ly  
it w a s  d i f f i c u l t  t o  unde r s t and  how 
n i t r i f i c a t i o n  could occur i n  t h e  reduced 
r o o t  zone, b u t  I i z u m i  e t  a l .  (1980) 
deomonstrated that eelgrass roots excrete 
o2 i n t o  t h e  a n o x i c  s ed imen t s .  T h i s  
c r e a t e s  oxygenated microzones around the 
roots ,  r e s u l t i n g  i n  t h e  n i t r i f i c a t i o n  of 
ammonia (which can be readily assimilated 
by ee lg ra s s  roots ,  rhizomes, and leaves)  
t o  n i t r a t e  for  uptake by roots. 

Kenworthy e t  a l .  (1982) found h i g h l y  
significant cor re la t ions  between dens i ty  
o f  e e l g r a s s  v e g e t a t i o n  ( r e l a t e d  t o  
prcduction of  detached l e a f  ma te r i a l  and 
de t r i tus  and a b i l i t y  t o  t rap  and hold it), 
organic ma t t e r  i n  the  sediment, f i n e  
sediments, and t h e  t o t a l  ni t rogen pool. 
They repor ted  an increas ing  g rad ien t  i n  
all parameters from unvegetated sediments 
t o  t h e  edge of a meadow t o  t h e  midbed 
region. T h e  ni t rogen pool i n  t h e  midbed 
regions was composed o f  exchangeable  
ammonium, ammonium disso lved  i n  t he  
sediment i n t e r s t i t i a l  pores,  and t o t a l  
nitrogen. 

Recently s eve ra l  s t u d i e s  have shown the  
cycl ing of t r a c e  meta ls  i n  an  ee lg ra s s  
system. I n  North Carolina, Wolfe e t  al. 
(1976) analyzed more than  50 spec ies  of 
o r g a n i s m s  i n  a n  e e l g r a s s  b e d  f o r  
manganese, iron, copper, and zinc. These 
organisms included ee lgrass ,  dominant 
macroalgae, ep i  fauna, in fauna, and nekton. 
The d e t r i t u s  and sediments were a l s o  
analyzed. Resul ts  showed t h a t  e e l g r a s s  
accumulated significant fractions of these 
metals but t h a t  the metal contents i n  a l l  
other trophic mnpartments were very s m a l l  
r e l a t i v e  t o  t h a t  i n  eelgrass .  They d i d  
f i n d  h i g h  manganese c o n t e n t s  i n  bay 
scal lops.  I n  another s tudy i n  t h e  s a m e  
estuary,  Drifmeyer e t  a l .  (198d) found 
t h a t  conten t  of t h e  four  meta ls  va r i ed  
s i g n i f i c a n t l y  i n  d i f f e r e n t  p a r t s  of t h e  
e e l g r a s s  p l a n t  (aboveground t i s s u e s  
contained the m a s t ) ,  and that i m p r t e d  and 
exported blade part ic les  did rmt d i f f e r  in 
m e t a l  content. Eelgrass biomass was the 
l a r g e s t  b io log ica l  reservoi r ,  and b l ade  
s e n e s c e n c e  and d e c o m p o s i t i o n  were 

respons ib le  f o r  t h e  l a r g e s t  b i o l o g i c a l  
f lux  of t hese  elements  i n  t h e  system. 
Brinkhuis e t  al. (1980) found t h a t  cadmium 
and manganese, s p e c i f i c a l l y ,  r e m a i n  
complexed i n  t h e  sediments under anoxic 
conditions.  When t h e  sediments  become 
o x i d i z e d ,  t h e s e  m e t a l s  may become 
bioavai lable .  Ee lgrass  absorbs cadmium 
and manganese through both t h e  r o o t s  and 
l e a v e s .  Cadmium i s  t r anspor t ed  both 
upwards and downwards, but t h e  roots form 
a cadmium sink (also found by Faraday and 
Churchi l l  1979).  O l d  r o o t s / r h i z o m e s  
deposit t h e i r  greater contents of cadmium 
i n  t h e  sediment sink. Manganese i s  more 
r e a d i l y  f i x e d  by  l e a v e s  w i t h  l i t t l e  
t r a n s p o r t  b e t w e e n  l e a v e s  a n d  
rhizomes/roots. Some manganese does enter 
t he  anoxic sink. They a l s o  warned t h a t  
the  mechanics o f  t h e  meta l  ions  var ied  
widely from element t o  element and species 
t o  species i n  the same genus. 

The r o l e  o f  d e t r i t u s  i n  marine food webs 
was f i r s t  r e c o g n i z e d  b y  D a n i s h  
i n v e s t i g a t o r s  (~oysen-  ens en 1 9 1 4 ,  
Petersen 1918). This view w a s  enlarged by 
Mann (1972). Detritus is  not described as 
the d r iv ing  fo rce  i n  t h e  exchange of  
n u t r i e n t s  i n  most s eag ras s  ecosystems 
(wood e t  a l .  1969, Earsdate & Nebert 1974, 
Thayer e t  al. 1975a). 

The degradation of plant material  involves 
its reduction through a spectrum of  s izes  
t o  a l e v e l  of  sma l l e r  molecues ( ~ a r n e l l  
1964).  Wetze l  e t  a l .  (1972) d e f i n e d  
d e t r i t u s  as  o r g a n i c  c a r b o n  l o s t  by 
nonpredatory means from any trophic level 
(egestion, excretion, secretion) o r  inputs 
from external sources t h a t  enter  the cycle 
i n  the  system. Senescent seagrass leaves 
recently released may be i n i t i a l l y  broken 
by physical fragmentation, bu t  ultimate1 y 
become d e t r i t a l  matter through microbial  
(bac ter ia ,  fungi,  f lagel la tes ,  c i l i a t e s )  
colonization and a c t i v i t i e s  and phys ica l  
handling by consumers (amphipods, e t c ;  cf ,  
Zieman C1982j and Klug C1981dl f o r  
reviews). Burkholder and Dolleny (1968) 
d e t e r m i n e d  t h a t  e e l g r a s s  w a s  n e a r l y  
completely processed i n t o  p a r t i c u l a t e  
mat te r  i n  30 days. Harr ison and Mann 
(1975a) found a 35% reduction of eelgrass 
d e t r i t a l  dry weight a f t e r  100 days a t  20O 
C (68O F), conc lud ing  t h a t  e e l g r a s s  
de t r i t u s  decomposes slowly. Gcdshalk and 
Wetzel (1978) a l s o  found t h a t  e e l g r a s s  



p a r t i c u l a t e  ma t t e r  and DOM were h ighly  
res i s tan t  t o  decomposition. They related 
t h i s  t o  t h e  u l t r a s t r u c t u r e  o f  ee lgrass ;  
i.e., a h igh  content  o f  s t r u c t u r a l  t i s s u e  
(23.28 hemicel lulose,  22.1% ce l lu lose ,  
7.3% l i g n i n ) ,  and adap ta t ion  to a harsh 
environment. 

As senescence o f  e e l g r a s s  b l ades  begins,  
t h e  n i t rogen  con ten t  d e c l i n e s  ( ~ o y s e n -  
Jensen 1914; Harr i son  and Mann 1975b; 
Thayer e t  a l .  1977) b u t  i nc reases  i n  t h e  
de t r i t u s  (Harrison and Mann 1975b; Thayer 
e t  a l .  1977) a s  d o e s  t h e  phosphorus  
content  ( ~ h a y e r  e t  al.  1975b; Fenchel 
1977). Thayer e t  a l .  (1977) also reported 
that the organic carbon content increased 
on a g rad ien t  from l i v i n g  t o  dead leaves 
t o  d e t r i t u s  (on an  ash- f ree  d ry  weight 
b a s i s ) .  The i n c r e a s e  o f  n i t r o g e n  i n  
d e t r i t u s  r e l a t i v e  t o  the  dead leaves 
suggested nitrogen mobi l iza t ion  from t h e  
water  i n t o  t h e  d e t r i t u s  by t h e  microbia l  
coating. 

D e t r i t u s  a s  such tends  t o  be poor i n  
essent ial  nutrients. Bacteria locate a s  a 
f i l m  around t h e  p a r t i c l e s ,  and while  
acting enzymatically on them, enrich them 
w i t h  ni t rogen,  phosphorus, and organic  
carbon. I n  this sense de t r i t u s  may a c t  a s  
a n u t r i e n t  pump from t h e  water  column t o  
the  sediment when de t r i t u s  s e t t l e s  t o  the 
bottorn. Thus, microbial decomposition of 
d e t r i t u s  i s  o f  p r i m e  i m p o r t a n c e  i n  
nutrient release and cycling. 

There i s  much evidence t h a t  t h e  r e a l  
nourishment f o r  animals  which u t i l i z e  
d e t r i t u s  is t h e  microbia l  l a y e r  ( ~ e w e l l  
1965; Fenchel 1970, 1972; Mann 1972; 
Tenore 1977). Af t e r  s t r i p p i n g  o f f  t h e  
microbia l  l ayer ,  t h e  invertebrates egest 
the par t ic les  which aga in  become clothed 
with a microbial layer. A s  this continues 
the pa r t i c l e  s i z e  becomes reduced, owing 
to enzymatic ac t iv i ty  of the microbes. As 
t h e  p a r t i c l e  s i z e s  dec l ine ,  they  become 
available t o  various classes  of consumers, 
e.g., f i l t e r  f eede r s  and d e p o s i t  feeders ,  
po l  ychaetes  , zooplankton, and gastropxls, 
which a r e  o n l y  a b l e  t o  i n g e s t  f i n e  
p a r t i c l e s  l e s s  than  0.5 mm i n  diameter  
(Zieman 1982). Harrison (1977) found tha t  

r e s u l t i n g  i n  t h e i r  reduct ion  i n  s i ze .  
There i s  some evidence t h a t  physical  
fragmentation of the par t ic les  leads to an 
increased microbial respiration r a t e  which 
i s  a l s o  s t i m u l a t e d  by  t h e  f e e d i n g  
ac t iv i t i e s  of animals ( Fenchel 1977; 
Harrison and Mann 1975a). Decomposition 
ra tes  of de t r i t a l  par t ic les  are d i r ec t ly  
r e l a t ed  t o  the p a r t i c l e  s i z e  (Harr ison 
1977; Godshalk and Wetzel 1978). This is 
due to  the much higher surface volune 
ra t ios  of the snal ler  par t ic les  and the 
increased microbial respiration ra tes  on 
them. Larger plant material and de t r i t u s  
may e i ther  bec~ne  deposited onto the sedi- 
ment sur face  and incorporated i n t o  the  
sediments, or exported from the  eelgrass 
system. The smaller the part ic le  (less 
than 0.5 mm), the more easi ly  it is 
resuspended and dispersed (Ziemn 1982). 

Owing t o  t h e  h i g h  r a t e  o f  d e t r i t a l  
depos i t ion  on the  bottom, and t h e  g r e a t  
numbers of microbes on the  plant  material 
and in  the sediments, anaerobic (reducing) 
conditions a r e  maintained in the sediments 
o f  e e l g r a s s  b e d s  be low a t h i n  ( f e w  
millimeters) sur face  oxidized layer.  O2 
d i f f u s i o n  i s  d e c r e a s e d  b y  t h e s e  
condit ions.  Seagrass and o the r  p l a n t  
d e t r i t u s  i s  m i n e r a l i z e d  under  t h e s e  
anaerobic condit ions.  These condi t ions  
favor the development of sulfur bacteria, 
forming s u l f i d e s  t h a t  c r e a t e  a s ink  f o r  
o r g a n i c  n u t r i e n t s  and m e t a l s  i n  t h e  
sediments. 

Several  decomposition processes  occur 
which a r e  character is t ic  of the  anaerobic 
l a y e r s  (Fenchel  1977): (1) b a c t e r i a  
ferment the  de t r i t u s  i n  the  absence of 0 
a s  a respiratory electron acceptor: (27 
C02, NO3, and SO4 are  a l so  used a s  
respiratory electron acceptors ; and (3)  
end products of the amerobic p W y s  are 
methane, ammonia, or nitragen gas, and H2S 
(Figure 12). H2S r e a c t s  wi th  metals ,  
forming a s ink  f o r  many heavy metals ,  
r e l ea s ing  phosphate t o  t h e  system i n  t h e  
process. There is evidence tha t  anaerobic 
decomposition in t h e  presence o f  s u l f a t e  
produces s i x  t imes  more organic  ma t t e r  
t h a n  a e r o b i c  decompos i t i on  p roduces  
(Fenchel 1972). 

t h e  d e t r i t a l  m a t e r i a l  was repeatedly 
ingested un t i l  it was completely util ized. 3.5 PLANT CONSrITUENTS 
Gammarid amphipods were p a r t i c u l a r l y  
important i n  ingesting eelgrass particles,  A number of  s t u d i e s  have been done on t h e  
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Figure 12. Oxic and anoxic d e t r i t a l  decomyx,sition and the cycle of su l fu r  i n  seagrass 
Ms ( a f t e r  Fenchel 1977). 

p r o x i m a t e  c o n s t i t u t e n t s  o f  e e l g r a s s  
( Boysen-Jensen 1914; Candussio  1960; 
Einarsen 1965; Burkholder and Doheny 1968; 
Park 1979; S t a h l h e b e r  1982; Fe lyer  and 
Moeer 1973, 1976; Table 9). No s t u d i e s  
have been made o n  5 japonica, a l a r g e  
s t a p l e  o f  the b l a c k  b r a n t  geese  i n  t h e  
Pacif ic  Northwest. 

Protein contents o f  eelgrass Leaves range 
from a low of 8.1% o f  dry  weight t o  20.3%. 
The v a l u e  f o r  t h e  rhizomes ranges from 
2.8% to 6,143. Unfortunately, no seasonal 
c o m p a r i s o n s  h a v e  been conduc ted  f o r  
e e l g r a s s ,  as h a v e  been  done f o r  t h e  
t ropical  seagrasses (cf, Zieman 1982 for  a 
summary). This a r e a  needs a l o t  o f  work. 

Lipid a m t e n t s  o f  all plant para a r e  l o w  
(0.84% o f  t h e  d r y  w e i g h t  t o  2.29% i n  
l e a v e s ;  0.91% for rh izomes ;  1.0% f o r  
seeds). F i b e r  c o n t e n t s  a r e  r e l a t i v e l y  
h igh  i n  l e a v e s  and rhizomes ( a  low of 
5.45% o f  d r y  w e i g h t  i n  one a n a l y s i s  to 
61.7%). Ash c o n t e n t s  range from a low of  
8&% o f  dry weight to 32.6%. Carkrhydrate 
c o n t e n t s  a r e  h i g h l y  v a r i a b l e  (1.3% o f  d r y  
weight  t o  44.6% i n  l eaves  to 50.9% i n  
seeds). There  h a v e  been s o  few s t u d i e s  
made and no s y s t e m a t i c  ana lyses  e i t h e r  

s e a s o n a l l y  o r  r e g i o n a l l y  t h a t  it i s  
d i f f i c u l t  to  draw any conclusions from the  
few results reported. 

McRoy (1970a)  c o l l e c t e d  d a t a  o n  t h e  
e lementa l  compos i t ion  o f  e e l g r a s s  a s  
compared t o  the o c e a n  ( 2 8  e l e m e n t s ;  
Table 10). I t  is  a p p a r e n t  t h a t  e e l g r a s s  
is ac t ive ly  accumulating g r e a t  quantities 
of many minerals. 

Caution must be used in assuming that the 
nitrogen content o f  ee lgrass  vegetation is 
a good indicator of food value. Harrison 
and Mann (1975b) have shown t h a t  up t o  
two- th i rds  o f  t h e  n i t r o g e n  c o n t e n t  o f  
young green  l e a v e s  may r e p r e s e n t  low- 
m o l e c u l a r - w e i g h t  s o l u b l e  compounds 
(nonprote in  n i t rogen) .  Ac tua l  p r o t e i n  
con ten t  shou ld  b e  de te rmined  f o r  food- 
value analyses. 

Recent s tudies  show that eelgrass  contains 
phenolic acids,  suggested t o  be among the  
primary a l l e lopa th ic  agents o f  land plants  
( c f ,  Z a p a t a  a n d  McMil lan  1 9 7 9  f o r  a 
review). I n  a fo l lowing  s tudy,  McMillan 
e t  al. (1980) demonstra ted t h a t  e e l g r a s s  
and 2. japonica contain flavone sulphates. 
 he^-suggested t h a t  i f  t h e s e  s e a g r a s s e s  



Table 9. Nutrient content of eelgrass (percentage dry weight). 

~1alt part Proteln L l p l d  Flber  @rWlyirate Re fereuce Ash 

New leaves 10.0 - -- -- -- 
-- -- Ibysml-Jerlsen 1914 old leaves 8.49 -- -- 

Leaves 10.63 2.29 61.7 8.8 5.6 Durkholder <ukl 1)o)leny 1968 
Rhizanes 6.14 0.91 59.94 32.b2 -- 
Leaves 9.97 16.84 5.45 10.63 -- Park 1969 

~eeds 13.2 1 .a -- -- 50.9 Felyer  c l r l l  W e r  1973, 197b 

k b r  caloric values, convert uslrlg caloric equivalents p*?r j r d l n  of 9, 4, 4 for l ~ p l ~ l a ,  c'rrW~ycir~iteu, cud 
p r o t e m ,  respectively . 

release these compounds into the sediment, 
t h e  p l a n t  community might  s h i f t  from 
r e l i a n c e  upon n i t r a t e  n i t r o g e n  t o  use o f  
armnonia nitrogen (indicated by Rice 1974, 
f o r  Land communities) .  Harborne ( 1977) 
sugges ted  t h a t  p h e n o l i c s  could  form a 
c h e m i c a l  b a r r i e r  a g a i n s t  m i c r o b i a l  
invasion.  Indeed, Harr ison and Chan 
( 1980) and Har r i son  (1982d) reported that 
wate r - so lub le  e x t r a c t s  o f  l i v e  and dead 
e e l g r a s s  l e a v e s  i n h i b i t e d  t h e  growth o f  
diatoms, phybf l a g e l l a t e s ,  and b a c t e r i a ,  
and inhibited grazing by amphipods on dead 
leaves. They noted t h a t  the a c t i v i t y  was 
strongest  in young leaves and decreased in 
l e a v e s  a g e d  f r o m  3 5  t o  9 0  d a y s ,  
s u g g e s t i n g  t h a t  t h e  compounds c o u l d  
~ 0 n t r o l  epiphyte growth on l iv ing  leaves. 
I t  f u r t h e r  e x p l a i n s  t h e  r e s i s t a n c e  o f  
e e l g r a s s  t o  d e c o m p o s i t i o n ;  p h e n o l i c  
content is  thus shown to be a major factor 
i n  r e g u l a t i n g  the  n u t r i e n t  c y c l i n g  
processes i n  ee lg rass  ecosystems. 

3.6 SPECIES AND PROCESS SUCXXSSION' 

The focus  o f  t h e  m o s t  r e c e n t  r esea rch  on 
s e a g r a s s  e c o s y s t e m s  h a s  b e e n  t h e  
success ion  o f  t h e  ecosystem; i.e., t h e  
s u c c e s s i o n  o f  s p e c i e s  ( s t r u c t u r e )  and 
f u n c t i o n s  ( p r o c e s s e s )  w i t h i n  t h e  system. 
S t r u c t u r a l  s u c c e s s i o n  a l s o  i n c l u d e s  

changes i n  t h e  p r o v i s i o n  o f  h a b i t a t  and 
refuge f o r  su r face-a t t ach ing  a l g a e  and 
nonswimming and swimming animals. It is 
r e c o g n i z e d  t h a t  t h e s e  s t r u c t u r a l  
r e l a t i o n s h i p s  a r e  n o t  static.  Large 
seasonal and longer period changes can and 
do occur, owhq to leaf sloughing, changes 
i n  p lan t  density, and meatiiering of meadow 
boundary l ines .  

There appears to be no species succession 
i n  the eelgrass or primary-producer s tage 
of the ecosystem. Eelgrass is the i n i t i a l  
co lon ize r  as w e l l  a s  the cl imax s t a g e  o f  
development (den Hartog 1973). S i n c e  
Zostera rhizomes are incapable o f  v e r t i c a l  
growth, t h e  p l a n t s  a r e  r e s t r i c t e d  t o  
habi ta ts  where erosion and sed imenta t ion  
a r e  i n  equ i l ib r ium.  There a r e  s i m p l y n o  
f i r m  d a t a  f o r  e s t a b l i s h i n g  s p e c i e s  
success ion from a n  e e l g r a s s  meadow to a 
marsh. Chapman (1960) recorded such a 
success ion,  a s  d i d  J e f f e r s o n  (1975) and 
Proc to r  e t  a l .  (1980b) from t h e  P a c i f i c  
Northwest, b u t  den Hartog (1973) noted 
t h a t  Chapman confused succession w i t h  
zonation. I t  is obvious that eelgrass  and 
marshes a r e  a d j a c e n t  i n  many p l a c e s ,  b u t  
one should observe whether t r u e  succession 
is r e a l l y  occurring. 

In te rming l ing  o f  & j apon ica  and Carex 
lyngbyei o c c u r s  i n  s e v e r a l  p l a c e s  i n  t h e  



Table 10. r ison of elemental o a n p  
sition of eelgrass and tk m a n  ( a f t e r  
Mclby 1970a). 

Major e l m n i x  

~XMm 
kfydmqttn 
Carban 
'Iskosphorus 
Nitrogen 

Minor e l m n t r r  

Wiun 
Chlorine 
Magnee iun 
P s t a s s i m  
SulEur 
(=Qlcim 
lk3m 
Sil icrm 
Id i tw  
Zinc 
Irotl 
A1 unir~un 
Mrqipf14a~e 

Pacific WrUzwe~t, par t i cu l a r ly  i n  O r q m  
arrtl. eou thwea te r r~  Washington, j u s t  as 2.- 
j a w n l g  grow8 intermrxec3 w i t h  e e l g r a s s  
itlong rts Xswer t i m r t  of  growth (fidrrison 
1979). This m i x m c j  cannot be in terpre ted  
L ~ I  elcher case to be species s~~cc~*ession. 

c h a n g e s  i n  p r i m a r y  p r o d u c t i o n ,  
d e c o m p o s i t i o n  o f  p l a n t  m a t t e r ,  a n d  
r e l i a n c e  on  d e t r i t u s  f o r  f o o d  a n d  
n u t r i e n t s  a s  t h e  ecosys t em d e v e l o p s  i n  
t i m e .  I t  a p p e a r s  t h a t  p r o c e s s e s  change  
a long recognizable sequences, mcm r talt 
with species and s t r u c t u r a l  cfmqes. 

McRoy a n d  W i l l i a m s  ( L Y 7 k 3 )  d e f i n e d  
p r o c e s s i n g  a s  a l l  b r o t i c  and d b l o t r c  
i n t e r a c t i o n s  resulting i n  t h e  
t r a n s f o r m a t i o n  of p a r t i c u l a t e  o r g a n i c  
m a t t e r .  T e m p e r a t u r e ,  c h e r n r c a l  
c o m p o s i f  i o n ,  a n i m a l ,  d n d  nlicrobral 
a c t i v i t y ,  d e s i c c a t i o n ,  a e r o b r c  a n d  
a n e r o b ~ c  c o n d i t ~ o n s ,  and p a r t i c l e  s l z e  
a f f e c t  procosslng ra tes .  

I t  is krrown that ee lg ra s s  processes change 
along t e m ~ r a l  and s p a t i a l  gratlrents. ?'he 
s p a t i a l  gradient  may l ie  frorn t h e  edge to 
t h e  c e n t e r  of a s i n g l e  meadow or a l o n g  a 
l a t i t u d i n a l  g r a d i e n t  froin a n  ared w l t h  
o p t i m a l  env i ronmen ta l  c o n d i t i o n s  where 
ecoeys t e fn  deve lopmeta t  h a s  p r o c e e d e d  
raprdly to s t r e s sed  dress d t  the twr the r ly  
anJ wuthe r ly  l ~ m i t s  o f  d i s t r i b u t i o n  where 
ecosystem development h a s  been r e t a r d e d .  
Kenwor thy  e t  a l .  ( 1 9 8 2 )  d e s c r i b e d  a 
sequence i n  n i t r q e n  accumulation alimg a 
l o c a l  s p a t i a l  g r a d i e n t  i n  a n  e s t u a r y  i n  
North Carol ina .  The g r e a t e s t  pool of 
r l i t r o g e n  w a s  i n  t h e  midbed ;  t h e  
mtenn&ia te  l eve l  was a t  the edge of the 
meatlow, and t h e  l e a s t  n i t r o g e n  was i n  
unvogeti-ited sediment .  T h e s e  n i t r o y e n  
c h a n g e s  w e r e  c o r r e l a t e d  w i t h  
c o n c e n t r a t i o n s  o f  f i n e  p a r t i c l e  s l z e  i n  
the sedirnents, a c l m r a c t e r i s t i c  a s s o c l a t d  
w i t h  t h e  e e l g r a s s .  D e n n i s o n  (1979)  
cbcurnented the  charyes i n  l e a f  area infex 
and l i g h t  r e sponses  o f  e e l g r a s s  as  a 
~ [ ~ i t i a l  gradlent  o f  ecosystem development 
i n  Zzembek Lagoon, Alaska. I t  has been  
possible to t ransplant  e e l g r a s s  frorn Puget 
M, Washington, to Izembek Lagoon, but 
n o t  v i c e  V e r s a .  T h i s  s u g g e s t s  t h a t  
e e l g r a s s  h a s  a much b r o a d e r  a d a p t i v e  
t o l e r a r i c e  f r o m  a n  area w i t h  o p t l m t l l  
enviraunenkal m u t i t i o n s  and can tolerate 
tlle s t r e s s  i n  Xzembek Lagoon. The p l a n t s  
f r a n  Xzembuk Lagoon do rmt appear to have 
as  b r o a d  a n  a d a p t i v e  t o l e r a n c e  t o  
co rx i i t i ons  e l s e w h e r e  ( P h i l l i p s  and Lewis 
1983) . 

Func t iona l  or p r o c e s s  succession relates What a p p e a r s  to be a s i m p l e  ecosys tem,  
to t h e  q u a n t i t a t i v e  a n d  q u a l i t a t i v e  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 ,  mere ly  
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because it is dominated by a single 
species, is in reality a highly complex 
structural and functional system, composed 
of differing adaptive responses related to 
the population characteristics, including 
differing genetic patterns, vegetative and 
reproductive growth patterns, trophic 
relationships, and variable process 
relationships. As in most of the climax 
ecosystems of the world, detrital food 

patterns predominate in the eelgrass 
ecosystem. Therein are the structural and 
functional natures of the ecosystem 
brought together. Because of this unit 
and complementarity of structure and 
function in both a single plant and in the 
entire ecosystem, complexity is revealed 
which is manifested as high species and 
trophic diversity and primary 
productivity. 



CHAPTER 4 

COMPONENTS OF THE EELGRASS COMMUNITY-STRUCTURE AND FUNCTION 

A communi ty  i s  c h a r a c t e r i z e d  by i t s  
spec ies  composi t ion  and related features 
(den Har tog  1980). The community can be 
descr ibed  as a s t r u c t u r a l  framework i n  
w h i c h  t o  s t u d y  p l a n t  a n d  a n i m a l  
interrelat ionships,  while the ecosystem is 
a f u n c t i o n a l  framework i n  which t h e  
interrelat ionships a re  viewed a s  processes 
and i n  which t he  e f f e c t s  of t h e  a b i o t i c  
environment a r e  integrated. 

This c h a p t e r  w i l l ,  f o r  t h e  most pa r t ,  be 
organized a long  a community orientation. 
Many s t u d i e s  have shown a great diversity 
of p l a n t  and animal l i f e  associated with 
e e l g r a s s  meadows, from epiphyte l is ts  
(Davis 1913; Kita and Harada 1962; Ledoyer 
1962; van  den  Ende and Haage 1963; den 
Hartog 1970; Main and McIntire 1974; 
Harlin 1980) t o  large lists, some of which 
a l s o  a n a l y z e d  t h e  f u n c t i o n a l  
interrelat ionships of animals assoc ia ted  
with e e l g r a s s  ( ~ l e g v a d  1914, 1916; Allee 
1923; B l o i s  et a l .  1961; Ledoyer 1962, 
1964a,b; Kikuchi  1966, 1968, 1974, 1980; 
Nagle 1 9 6 8 ;  Or th  1973, 1977a; Adams 
1976a,b; Kikuchi and Peres 1977; Simenstad 
e t  al. 1979; Jacobs and Huisman 1982). 

The a n i m a l s  organize conveniently i n t o  
f u n c t i o n a l  groupings, l a rge ly  without 
concern for t h e i r  taxonomic placement. 
The p r i n c i p a l  groups a r e  (1) epiphytes,  
(2) e ~ i b e n t h i c  organisms, (3) infauna, and 
(4) nekton. Birds w i l l  be t r ea t ed  a s  a 
s epa ra t e  ca tegory .  These four groupings 
follow the classif icat ion s e t  by Stauffer 
(1937). 

animals t h a t  may crawl on to  t h e  leaves 
from the sediment. Epibenthic  organisms 
a r e  those t h a t  l i v e  on t h e  su r f ace  of t h e  
sediment, both mobile and s e s s i l e  forms. 
Infauna l i v e  buried i n  t h e  sediments. 
Some organisms, such a s  shr imp and some 
crabs, l i e  par t ia l ly  buried during the  day 
and move on the sediment surface t o  feed. 
These are  treated a s  epibenthic organisms. 
Nekton l i v e  i n  o r  above t h e  p l a n t  canopy. 

There a re  a t  l eas t  two other ways i n  which 
t o  classify animals i n  an eelgrass meadow 
by f u n c t i o n .  K ikuch i  (1966, 1980) 
proposed the following system r e f l e c t i n g  
the use of  Japanese e e l g r a s s  meadows. I 
have attempted t o  c lass i fy  the animals i n  
eelgrass systems of the Pacif ic  Northwest 
according t o  t h i s  system: (1 ) permanent 
res idents ,  ( 2 )  seasonal  r e s i d e n t s ,  ( 3  ) 
t r a n s i e n t s ,  and ( 4 )  c a s u a l  s p e c i e s .  
Thayer e t  a l .  (1975b) s u b d i v i d e d  t h e  
i n f a u n a  i n t o  d e p o s i t  f e e d e r s  and  
suspension feeders ,  b u t  t h i s  ref inement  
is not adopted here.  

I t  i s  i n t e r e s t i n g  t h a t  Nagle (1968),  
working on epiphytes of eelgrass a t  W o o d s  
Hole, Massachuse t t s ,  conc luded  t h a t  
general trophic abundances were t h e  same 
geographically everywhere. I n  a recent  
paper, Lewis and Hollingworth (1982), 
working i n  Thalassia meadows a t  Barbados, 
confirmed Nagle's observation. 

4.1 HORIZONTAL AND VEHTICAL STRUCTURE 

Throughout the l imi t ed  geographic ex t en t  
The t e r m  epiphyte means any organism of the Pacific Northwest, there appears to 
living on a plant  surface, plant o r  animal be l i t t l e ,  i f  any, horizontal s t ructure of 
(Harl in  1980)-  I t  includes both s e s s i l e  the  assoc ia ted  organisms of the eelgrass 
and m o b i l e  p lan ts  and animals, a s  well a s  community. Epiphytes, ben th i c  algae,  



e p i b e n t h o s ,  and o t h e r  components a l l  
appear t o  be homogenous throughout t h e  
region. 

There a r e  two a spec t s  o f  t he  v e r t i c a l  
structure of the components. The f i r s t  is 
t h a t  which e x i s t s  from the water  column 
downward and i n t o  t h e  sediment. Stauffer 
(1937) descr ibed  th is  s t r u c t u r e  from t h e  
viewpoint of the inve r t eb ra t e  community: 
(I)  among t h e  p l a n t s  (nekton) ; (2) on t h e  
p l a n t s  (epiphytes) ;  (3) on t h e  sediment 
s u r f a c e  ( e p i b e n t h o s ) ;  and  ( 4 )  i n  t h e  
sediment ( i n  fauna).  One more category 
must be considered here--that of b i r d s  
which feed on e e l y r a s s  o r  i ts  epiphytes  
from t h e  water  su r f ace  o r  a t  low t ide .  
The second type  of v e r t i c a l  s t r u c t u r e  is  
t h a t  found on t h e  e e l g r a s s  p l a n t  i t s e l f .  
This  s t r u c t u r e  was diagrammed by Nagle 
(1968; Figure 13)  f o r  ee lg ra s s  from t h e  
Woods  ole, Massachusetts,  region. The 
diagram gene ra l ly  shows t h a t  t h e  peak 
loads of epiphytes and epibiota occur near 
t h e  cen te r  of t h e  leaves.  This  was a l s o  

found by van den Ende and Haage (1963) on 
the Brittany coast of France. This might 
be a community adjustment toward keeping 
the leaf high i n  the w a t e r  column a s  long 
a s  possible. I t  is a l so  possible t h a t  the 
c e n t e r  o f  t h e  l e a f  i s  t h e  m o s t  
s t ructural ly  i n t a c t ,  g iv ing  t h e  g r e a t e s t  
attachment a rea ,  a s  the l e a f  ages. I n  
Japan, Kita  and Harada (1962) diagrammed 
t h e  v e r t i c a l  d i s t r i b u t i o n  of diatoms on 
ee lg ra s s  blades. They found t h a t  diatom 
abundances increased dramatically toward 
t h e  d i s t a l  end of t h e  leaf ( o l d e s t  p a r t ) .  

4.2 BENTHIC ALGAE 

Rela t ive ly  few spec ies  of  benth ic  a lgae  
grow wi th in  e e l g r a s s  meadows o f  t h e  
Pacific Nor thwes t .  Since macroalgae need 
a hard substrate, they can grow only where 
rock cobbles o r  s h e l l  fragments occur i n  
t h e  sed imen t s .  I t  i s  n o t  uncommon, 
however, for  cer tain genera, such a s  
and Enteromorpha, t o  occur loose i n  large 

Figure 13. Vertical distribution of eelgrass epibiota ( a f t e r  ~ a g l e  
1968).  Dashed l i n e s  i nd ica t e  animals which genera l ly  decrease i n  
abundance away from the bottom; solid l ines  indicate variation w i t h  
epiphytes; single ruled l ines  signify variance w i t h  large epiphytes; 
double ruled l ines  signify variance with diatoms. 



masses among t h e  e e l g r a s s  s t a l k s .  T h i s  
commonly o c c u r s  i n  a r e a s  where  t i d a l  
c u r r e n t s  are a lugg ieh .  There  a r e  no 
r h i z o p h y t i c  b e n t h i c  macrophytic a lgae  in  
t h e  Pac i f i c  Northwest. 

I n  t h e  Hood Canal ,  Washington, Sargassum 
muticum grows on s h e l l  f r agmen t s  among 
e e l y r a s s ,  I n  summer t h e s e  a l g a e  grow t o  
2-3 m (6-L0 f t f  l o n g  and c o u l d  p o s s i b l y  
shade  t h e  e e l g r a s s .  However, b y  October 
t h e  p l a n t a  d i e  back and o v e r w i n t e r  a s  
s h o r t  s t u b s  2-4 c m  (1-15 r n c t ~ e s )  long. 
Q c c a s ~ ~ . r a l l y ,  Laminaria, Alaria, Graci lar-  
ea, ~ s m a r e s t i a ,  atxi Necxg2irdhiella occur -- 
&tween the ee lg ra sa  shoots. 

Cbscnrations on benth ic  algae of e l g r a s s  
wadows of tk Pacitic Nortkst have been 
made by Phil l  ips (1972; unpubl. research) ,  
Davis (1981), and Procjnall (1983). 

Often ,  Large mats of dia to tns  cover t h e  
s u b s t r a t a  between t h e  shoo t s .  T h i s  was 
observed  by P h i f e r  (1929) and h a s  been 
c o r r o b o r a t e d  many times. R e c e n t l y ,  
W ~ i t i n g  (1983) anumeratal t he  micr-nthic 
alq&o E L S L ~ ~ C L ~ ~ U ~  w i t h  t h e  set l imeut  o f  
euLqraea tneadows i n  N e t a r t s  Hay, Oregon. 
L i t t l e  h a s  been  d o n e  an t h e  p r o c l u c t ~ o n  
values of Ulese algae.  

t l a r l i n  I19751 l i s t e d  t h e  factors which 
~ n f  luetlce the coexistence between host an3 
c"pi#lyte r 

1. Physical subs t r a t e  
2. Rccwas to pho t i c  zone 
3 .  F'tw rrlde through w i n g  waters 
4. Nutrient excharge with hos t  
5. Oqctnic cdrborl wwcw 

1975; McRoy and McMlllan 1977). Penhale 
(1977) observed  t h a t  e e l g r d s s  epiphytes 
can  c o n s t i t u t e  up  to 1~3% oE t h e  annua l  
p roduc t ion  o f  ca rbon  of  t h e  e e l g r a s s  
p r i m a r y  p r o d u c t i o n  s y s t e m  (20Gt 
mgc/m2/day).  C a r b o n ,  n l t r o y e n ,  a n d  
phosphorus t r a v e l  from t-lgrass blades to 
e p i p h y t e s  t o  t h e  w a t e r  and  v i c e  v e r s a  
( H a r l i n  1973, 1975, 19W; Wetzel  ailti 
Penhale 1979; Penhale  atd Thayer  1980:. 
I n  t h e  P a c i f i c  Nor thwest ,  Keiltula ( i983)  
found t h a t  e p i p h y t e  b iomass  coultf be a s  
much a s  2 . 3  t l m e s  t h a t  o f  t h e  Leaf. she  
a l s o  e s t i m a t e d  t h a t  t h e  n e t  p r r r n a r y  
p roduc t lon  o f  t h e s e  e p i p h y t e s  accounted  
f o r  app rox ima te ly  85 of t h e  cornbilled 
e e l g r a s s  (above- and below-ground) and 
epiphyte  prorluction. 

The e p i p h y t e  list can  be enornlous and 
v a r i e d  urider t h e  usage  ddopted r11 t h ~ s  
report. I t  may include sessrle p l a n t s  axl 
an ima l s ,  mob i l e  e p i f a u n a  and e p i b e n t h o s  
+A&t crawl on to  t h e  p l an t s ,  bac t e r ld ,  and 
d e t r i t u s  (tlarlm 190B). Kikuchl ad Peres 
( 1 9 7 7 )  also i n c l u d e d  I n  t h e  r n o b i l e  
epifauna a group o f  swi r~n ing  anrmals  which 
o f t en  r e s t  on the ee lg ra s s  leaves. Table 
11 I from Burkholder and 1)rjheriy l96U) lists 
t h e  numbers o f  bacterla a s s o c i a t e d  w i t h  
t h e  sediment ,  w a t e r ,  and e e l g r a s s  Ln N e w  
York . 
The epiphytic  p lants ,  bac t e r i a ,  and diatom 
c o a t i n g  on t h e  l e a f  s u r f a c e  o f t e n  form a 
brownish  f e l t .  T h i s  f e l t  s h e l t e r s  and 
feeds members o f  t h e  epifauna, as w e l l  a s  
inat~y grassbed predators  (amphipods and a t  
l e a s t  f o u r  s p e c i e s  of ducks  and some 

Table 11. Bacteria i n  the  eelgrass 
h b i t a t  ( ~ f  ter Burkholder and IBheny 
1968) . 
---- ---- 

Ol.casion*Lly i t ;  w a t e r s  w i t h  l i t t le  t i d a l  
movument, c o a t i n g  o f  blue-green a l g a e  S t a t i o n  '1- o f  sample b c t e r i a / g  
m y  ba found otl t h e  ee lg ra s s  blades (Davis or ml -------- 
1913). Blue-green a lgae  are occasionally 
found on t h e  e e l y r a s s  i n  t h e  P a c i f i c  1 Mud 1,388,0@0 
Northwest. McRy e t  al. (1973) found t h a t  Water 27,7W 
t h e s e  a l g a e  may f i x  a s m a l l  amount oE Eelgrass  68,964,W 
n i t r o g e n .  C o n s i d e r i n g  t h e  n i t r o g e n  
dsf i c i e n c y  i n  e e l g r a s s  beds, t h i s  may be 2 Mud 2@0,L%M 
an hnprtant source. Water 30,000 

Young e l g r a s s  1,600,000 
Epiphyt@ biomass a t  t i m e s  e q u a l s  t h e  Old ee lg ra s s  28,72c3,000 
biomass of t h e  leaves  (Marsh 1973; Harl in 
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shorebirds). From a recent thorough study 
done by Lewis and Hollingworth (1982) in 
Thalassia a t  Barbados, West Indies, and 
the work done by Kikuchi and Peres (1977) 
and Kikuchi (1980), it is known that the 
various categories of epiphytes include 
the following subgroups: (1) microfauna 
and meiofauna: protozoans-ci l ia tes ,  
f l a g e l l a t e s ,  f o r a ~ n s ,  nematodes, 
polychaetes,  r o t i f e r s ,  tardigrades,  
copepods, ostracods (this group is made up 
of h e r b i v o r e s ,  d e t r i t i v o r e s ,  and 
carnivores) ; (2) sessile fauna: hydrozoa, 
anemones, bryozoa,  tube-forming 
polychaetes, compound ascidians; ( 3 )  
mobile epi fauna: gastropods, polychaetes, 
tubellarians, nemertinians, amphipods, 
isopods, some starf ish,  and sea urchins; 
(4) swimming epifauna which may res t  on 
the leaves: my sid shrimp, hydromedusae, 
small squids, and special fishes. Eggs of 
snails, tectabranchs, and Pacific herring 
and smelt a re  deposited on the leaves 
also. 

Lewis and Hollingworth (1982) and Nagle 
(1968) found a direct correlation between 
density of epiflora and epifauna. In 
Thalassia  ( i n  Japan) the  epiphytic 
nematodes constituted over 62% of the 
t o t a l  epifauna on leaf blades (Kikuchi 
1966). A t  Woods Hole, Massachusetts, 
Nagle (1968) found t h a t  amphipods 
dominated the epifauna. A l l  these studies 
identified the specific animals in  the 
epifauna and found tha t  they were the 
dominant food of f ish in  the seagrass 
systems. In a l l  systems the epifauna was 
dominated by herbivores and detritivores. 
I t  is obvious that the role of eelgrass as 
a substrate for brown f e l t  of diatoms, 
bacteria, detritus, and other algae is of 
fundamental importance i n  providing a 
nursery for juvenile and adult forms of 
recreationally and commercially important 
animls . 
Numerous studies have attested to the role 
of ee lg ras s  i n  providing physical 
substrate for epiphytes. Probably most of 
the  epiphytes reported a r e  se s s i l e .  
C e r t a i n l y a l l o f t h e p l a n t s  are. Many of 
the animals are  sessi le ,  but a great 
number are mobile, and many move onto and 
off the plant frcm the substrate. 

Davis (1913) l i s t ed  42 species of plants 
that  occur on eelgrass a t  Woods Hole, 

Massachusetts. Most of these a lgae  
belonged t o  the green and red algae. In 
Rhode Island, Brown (1962) l is ted 25 
species of microalgae which occur on 
eelgrass blades. In the Yaquina estuary, 
Oregon, Main and McIn t i r e  (1974) 
identified 221 epiphytic diatoms, but only 
l i s ted  the 36 most abundant (Table 12).  
The only species  c h a r a c t e r i s t i c a l l y  
associated with ee lgrass  blades was 
Cocconeis scutellum. mey found that the 
same taxa of diatoms were equally found on 
rocks ,  Ulva, ---- ~ n t e r o m o r ~ h a ,  and 
Polysiphonia. Working in  Netarts Bay, 
Oregon, Whiting (1983) reported t h a t  
Cocconeis, Synedra, ~ a v i c u l a ,  Nitzschia, 
Gomphonema, and Rhoicosphenia (diatoms) 
were dominant from November tkrough July, 
while Cocconeis, Gomphonema, and -- -- 
Rhoicosphenia and different species of 
Navicula and Nitzschia became dominant 
from August through October. Harlin 
(1980) noted that Smithora naiadwn .and 
Ectocarpus sp .  were t h e  dominant 
macroalgae on eelgrass blades. 

For a thorough review of epiphytes found 
on eelgrass ,  one should consul t  t h e  
reviews of Kikuchi and Peres (1977), 
Harlin (1980), and Kikuchi (1980). The 
lists of plants and animals associated 
with eelgrass  as epiphytes a r e  too  
numerous to  reproduce fully here. 

The development of the epiphytic community 
on eelgrass is thought to  begin with a 
covering of Cocconeis upon which the 
bacteria and other algae attach. Sieburth 
and Thomas (1973 ) found few epiphytes on 
young leaves until Cocameis coatings were 
present. 

There is one werriding constraint placed 
on any epiphytic community on a seagrass 
blade. I t  does not matter whether the 
individual leaf persists for 20  or 56 
days. The s e s s i l e  port ion of t h e  
community must adapt its l i fe  span to  the 
longevity of the blade upon which it 
grows. The mobile epifauna can move t o  
the younger blades. I t  appears, however, 
that  the en t i re  food web associated with 
the blade, a microcosm of the en t i re  
eelgrass ecosystem, is dependent on the 
developnent of tk microphytic (diatcxns, 
bacteria) coating, detritus which is 
trapped, and the mcrophytic algae which 
attach to the blade. Without the ini t ia l  



Table 12. Thir ty-six mst a b u n b n t  diatan 
epiphytes on ee lg ra s s  i n  the Y ~ W F J I M  
Estuary, Oregon ( a f t e r  Main and ~ 1 n t i t - e  
19741 and a mll list of e p i p h y t e s  found 
i n  Puget Sound, Washington ( a f t e r  ph i l l i p s  
1972). 

l a y e r  and i ts  a b i l i t y  to  c o l o n i z e  and 
complete a l i f e  c y c l e  i n  a v e r y  s h o r t  
time, it appears t ha t  much of the nursery 
and t rophic funct ions of a n  ee lg ra s s  
meadow would never develop. 

Many e p i b e n t h i c  a n i m a l s  a r e  r e l a t i v e l y  
l a rge  and conspicams. Some of t h a n ,  such 
as Dungeness c r a b s  ( ~ i g u r e  1 4 ) ,  broken- 
back and coon- s t r ipe  sh r imps ,  Erigl l s h  
s o l e ,  a n d  s t a r r y  f l o u n d e r s ,  a r e  
commercially important. These anrlnals a r e  
listed i n  Table 13  , A ,  b. 

Major r ev iews  o f  t h e  e p i b e n t h o s  which 
include lists of epifautla w e r e  included i n  
A l l e e  ( 1 9 2 3 ) ,  L e d o y e r  ( 1 9 6 2 ,  
1 9 6 4 a , b ) ,  K i k u c h i  (1966, 19UB), and 
Kikuchi and Peres (1977). 

S c a l l o p s ,  c r a b s ,  sponges,  m u s s e l s ,  s ea  
urchins, stwimps, f l a t f i s h ,  sea s lugs ,  sea 
cucumbers, s n a i l s ,  b r i t t l e  stars,  r ibbon 
worms, p o l y c h a e t e  w o r m s ,  f l a tworms ,  
n e m a t o d e s ,  and  a m p h i p o d s  h a v e  been  
a 8 9 0 ~ i a t e d  w i t h  t h e  s e d i m e n t  s u r f a c e .  
Thayer e t  al. (1975b), working  i n  a newly 
e e t a b l i s h e d  e e l g r a s s  meadow i n  North 
Caro l ina ,  d e t e r m i n e d  t h a t  g a s t r o p o d s  
r e p r e s e n t e d  72% o f  t h e  t o t a l  numbers o f  
e p i f a u n a  found i n  t h e  sys tem.  Depos i t  
f e e d e r s  r e p r e s e n t e d  77% o f  the numbers; 
s u s p n a r o n  f e e d e r s  18%; and c a r n i v o r e -  
s cavenge r s  5%. The re  was a s e a s o n a l  
v a r i a t i o n  in n u m b e r s  w i t h  max irnum 
abundance rn s p r i n g  and  e a r l y  summer. 
T h i s  i s  a l s o  t r u e  f o r  P u g e t  Sound 
( ~ i m e n s t a d  e t  a l .  1979). Wolfe e t  a l .  
(1976) ana lyzed  t r a n s f e r s  of Mn, Fe, Cu, 
and Zn th rough  t r o p h i c  l e v e l s  i n  t h i s  
e e l g r a s s  bed a n d  f o u n d  v e r y  l ~ t t l e  
t r a n s f e r  from eelgrass. 

I n  Alaska, Dungeness crabs c a n  best be 
f i s h e d  i n  e e l g r a s s  beds. I n  summer t h e  
c r a b s  a p p e a r  t o  consume  e e l g r a s s .  
G o t s h a l l  (1977) found 7-15 p e r c e n t  o f  
c r a b  g u t  c o n t e n t s  composed o f  e e l g r a s s .  
I n  Puget  Sound, Dungeness a n d  red rock 
crabs scavenge i n  e e l g r a s s  meadows ( ~ e a k  
Consu l t an t s  1975). 

Prynt? (1979) noted t h a t  P a d i l l a  Bay, one 
o f  t h e  t h r e e  l a r g e s t  e e l g r a s s  meadows on 
t h e  P a c i f i c  coast, c o n t a i n s  s i g r l i f i c a n t  



Figure 14. Dungeness crab (Cancer 
mg i s t e r )  i n  eelgrass bed i n  Puget Sound. 

populations o f  soft-shell  clams and crabs. 
In  another newspaper a r t i c l e ,  Lane (1980) 
s t a t e d  t h a t  Dungeness c rabs  support a 
s p o r t  and commercial c r a b  f i s h e r y  i n  
P a d i l l a  Bay. Numerous spec i e s  of worms, 
clams, s n a i l s ,  c rabs ,  shrimp, and o t h e r  
i n v e r t e b r a t e s  were ident i f ied  i n  Padilla 
Bay ( N O A A  1 9 8 0 ) .  T h e  d e n s i t y  o f  
e p i b e n t h i c  h a r p a c t i c o i d  copepods, a 
f a v o r i t e  food of juveni le  chum salmon i n  
t h e  P a c i f i c  Northwest, was four  times as 
h igh  i n  a t h i c k  s tand  o f  ee lgrass  than 
nearby i n  a sand habi ta t  without eelgrass 
(Simenstad e t  al .  198W). Dense schools of 
juvenile chum salmon were feeding u p n  and 
among the  eelgrass blades. 

I n  Grays Harbor, Washington, Dungeness 
c rabs  produce commerc ia l ly  i m p o r t a n t  
catches which range from 11,364 t o  10D,000 
kg (25,080-220,000 l b )  (Army Corps of 
Engineers 1977b). Grays Harbor functions 
as a coastal estuary for  coastal Dungeness 
crabs. The estuary has extensive eelgrass 
meadows. Bayer  (1979b) s t u d i e d  t h e  
densities and seasonalit ies of Dungeness, 
h e r m i t ,  k e l p  (Figure 15 ) ,  and red rock 
c r a b s ,  and two  s p e c i e s  o f  c r angon id  
shrimps i n  the e e l g r a s s  meadows of  t h e  
Yaquina estuary, Oregon. Hwnboldt Bay is 
another estuary w i t h  very large sport  and 
commercial f i sher ies  for  Dungeness crabs, 

pink shrimp, and bottom f i s h  (Proc tor  e t  
a l .  1980b). 

Very l i t t l e  work has focused on o r  even 
l i s t e d  infauna. The t h r e e  b e s t  s t u d i e s  
a r e  those of  Kikuchi (1966) i n  Japan, 
Thayer e t  a l .  (1975b) i n  North Carolina, 
and Orth (1973) i n  the Chesapeake Bay. 
Ex tens ive  work h a s  been  done i n  t h e  
P a c i f i c  Northwest by D r .  Carl  Nyblade i n  
the  North Puget Sound area ,  bu t  t h i s  is 
l a rge ly  unpublished i n  t h e  s c i e n t i f i c  
l i t e ra ture  and not so widely known. 

Orth (1973) found 117 macroinvertebrate  
taxa associated with eelgrass beds i n  the 
Chesapeake Bay. S t r i c t l y  speaking, no t  
a l l  t h e s e  were i n f a u n a l ,  because  h e  
mentions seasonality of the fauna a s  many 
forms moved from the  sediments and onto 
the  leaves from March t o  July. He found 
t h a t  t he  recorded dens i ty  of infauna was 
higher  from ee lg ra s s  t han  from any o the r  
benth ic  h a b i t a t  i n  t h e  Chesapeake Bay 
system. This  was a l s o  found by Kikuchi 
(1980) i n  Japan. 

In  North Carolina, Thayer e t  al. (1975b) 
found tha t  the infauna was composed of 40 
species  and dominated by f i v e  species.  
Peleqpxls  represented 58% and polychaetes 
41% of the t o t a l  individuals. The infauna 
was dominated by deposit feeders (53% and 
44% o f  t h e  abundance and b iomass ,  
respec t ive ly) ,  whi le  suspension feeders  
represented 42% and 35k, respect ively.  
They no ted  a much lower  d e n s i t y  o f  
organisms and biomass a s  compared t o  the 
Chesapeake Bay, and concluded it was due 
t o  the relat ively recent establishment of 
the eelgrass bed of t h e i r  study. 

I n  one  s t u d y  done o f f  S k i f f  P o i n t ,  
Binbridge Island, Washington, Thorn et al.  
(1979) reported t h a t  the eelgrass habi ta t  
contained more invertebrates a t  the +1.0 m 
(3.0 f t )  l eve l ,  than a t  t h e  unvegetated 
sites. For crustacean species there were 
few indiv idua ls ,  but  a g r e a t  number o f  
species; i n  mollusks and annelids, species 
r ichness  was in te rmedia te  o r  above t h e  
curves f o r  o t h e r  groups a t  t h e  +1.0-m 
level. They theorized t h a t  the  substrate- 
s t a b i l i z i n g  e f f e c t  of  ee lg ra s s  may be  
i m p o r t a n t  i n  c a u s i n g  t h e  i n c r e a s e d  



lPable 1%. L i s t  of invertebrates found in eelgrass madows of the Pacific North-st, 
arranged in functional  categories. 

Phylun, Class, and speckas 
scientific mme 

Sra f i r  
Ootrlch p l m  hyf . z tc5  -- 
&?a pl1m -" 
Plrnre l~ydroid 
P l w  hydroid 
" - 
Omtrtp-stripd jelly1  ah 

PW\TYHEMlMTIV3 
nbrlnl lar ia 
Z~*-M$&. sf). 

HiMmrl wrm 

C-S f i  
C- S t i  
C-S C 
C-S ti 
C-S n 
r-s H 

C H 
C-S U 
<'S c' 

S C 
S C 

S-n c 
S C 
(. H 

C , N C 
C C 
C C 
C H 
C C 

C-S C 
C C 

s-0 C 

-- 
Horn sr*l i l 
&kWilc ahell -- 
W l ~ b - c h l n k  n-51 1 -- 
Cli~nnola<i h t s k ~ t  8 1 ~  11 
tbskot ntw l l  
.J;lp%ncsts oyalar dri  1 1  
Cyut*v' drt 1% 
Gldrl t  m30!1 s ~ l l  
NnMri rwrylia ttuls -- 
liaorkd riud~brancti -- 
ALahstar oudlbranch -- 

continued 
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Table 13 a. (Continued) 

Phyltnn, c l a s s ,  and s p e c i e s  
s c i e n t i f i c  name 

Resident o r  Living Feeding 

Comnon name t r ans i en ta  Abundanceb modeC hab i t sd  

Pelecypoda 
Clinocardium n u t t a l l i  
Crassost rea  gigas -- 
Ostrea  l u r i d a  -- 
E b c m  iris -- 
M. b a l t h i c a  -- 
M. i nou ina t a  -- 
M. M s u t a  -- 
M. obl iqua - 
M .  s e c t a  -- 
M. inconspicua - -- 
Mya a r e n a r i a  
Panope generosa 
~ e c t e n  sp. 
P. s t a n i n e a  -- 
mz p h i l i p p i n a r m  
Psephida 
Sax idanus  y iyan t e u s  
Tagelus  c a l  i f o r n i a n u s  
Tresus  - 
T. n u t t a l l i  -- 
Solen s i c a r i u s  -- 
Parv i luc ina  t e n u i s c u l p t a  
T e l l i n a  .males ta  -- 
Transene l l a  t a n t i l l a  

ANNELIDA 
P o l ~ h a e t a  

Abarenicola c l apa red  i i vagabunda 
Armandia b r e v i s  -- 
C a p i t e l l a  c a p i t a t a  
C a p i t e l l a  sp .  
C i s t en ides  b r e v i c m a  
Glycera  aoe r i cana  
Glycinde armibera  
Haploscolopus e l o n g a t a  
S c o l o p l o s  a n i q e r  
S t b n e l a i s  fusca 

W i u n a s t u s  sp .  
Ne i n e r e i s  d e n d r i t i c a  

Basket cockle  
J a p n e s e  o y s t e r  
I b t i v e  o y s t e r  
-- 
-- 
Pol lu t ed  m c m  
Bent-nosed clam 
-- 
Sand clam -- 
Eastern  s o f t - s h e l l  clam 
Geoduck 
Sca l lop  
m c k  cockle  
Japanese l i t t l e n e c k  
-- 
Washirq ton clam 
mmwn jackknife  c l a n  
mrse clam 
Gaper c l a n  
Jackkni te  clam 
-- 

m q h s k i n n e d  l l g m r m  -- 
L u g m m  
Lugmrm -- 
-- 
Polychaete worm 
Polychaete worm 
Folychaete worm -- 

Nere i s  b r a n t l  -- 
N. proce ra  - 
W n i a  j u s t i t o m i s  
P l a tyne re  is bicang icul  
Tharyx m u l t i f i l i s  
Medhas tus  sp. 
Malacooens g l u t a e u s  
Notunastus t e n u i s  
S a c c q e l s s u s  sp. 
P l a t y n e r e i s  a g a s s i z i  

AffIHrnrnA 
Crustacea  

Longipedia sp .  
Clausidiun vancowerense  

Ecti1105cma s p ,  
He lec t inosma  sp. 
Danielssenia  typlca 
Harpac i t i cus  uniremis  
H. s e p t e n t r  i o n a l i .  - 
H. c anpres sus  - 
H. sp inu losus  - 
H. spp. - 
Zaus a u r e l i  i -- 
Z. c a e r u l e u s  -- 
2. s p i n a t u s  b p k i n s k i  - 

A 
U 
U 
X 
A 
C 
A 
U 
C 
A 
C 

A-U 
U 
U 
U 
A 
U 

c-U 
C 
C 
U 
U 
C 
X 

SF 
SF 
SF 

D-DF 
D-DF 
C-DF 
D-DF 
D-DF 
D-DF 

SF 
SF 
SF 
SF 
SF 
SF 
SF 
SF 
SF 
SF 
SF 
SF 
SF 
SF 
SF 

B D 
B D 
B D 
B D 
B D 
B C 
B X 
B X 
B X 

Found in  X 
KCOt lMSS 

B DF 
Found in  X 
rwt mass 

B CtH 
E H 
B X 
B H 
B D 
B X 
B X 
B X 
B X 
B X 

s/c 
Unmensal w i th  
Q l l i a ~ e s s a  
c a l i f o r n i e n s i s  

s 
S 
X 

s/c 
S/C 
s/c 
S/c 
E 

S/C , E 
S/C, E 
S/C,E 

continued 
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Table 13a. (Continued) 

Phylun, class, and spcles i)jaicknt or L n v ~ n y  ~L+I tnj 
Sclent~tic - UnmCn naao translenta -dmL) nujt.' tknt~ I ts 3 

Zaus sp. 
%& spp. -- 
Scutellldiun arthuri --- -- 
Wrceltidiun sp. 

- ,  

1t.yastes spp. 
Lhctylo@* crassLpe 
D. vu iga r s  =nit3 - 
Paralac tylop&12 sp. - 

t ~ ~ : - y - y c . r l p ~  ?A !I 1 ~ ~ ~ ~ ~ 1 :  
b21ph~-tamkw-~ ~ ~ n $ ~ b _ l r i I I a  "- 
1 @! p?? l i.2 Lxvj<*t-tapp_i,Y 
~ i ,>s fy lop i :*  < ? * W p n !  
@mJLrxy& ypdr;~l?c~ta_ 
lr+pr~K!wljn gl,@ 
ltbten ioulc>wta- -** " -* - " --. 
I ,  I ~ w t u 1 ~ 1  
1 .. =?"4"tp* '. w ~ l y % ? " " ~ L  
1. mp$e<eJ'n'ie -- x . p&Wrfig 
's !2'!k"*r;e 
L ?W-P- 
Uuni~ (Juv.) 
ih'ctJm2t e~kjzs 
$yJ:%w spp. 
c.F%@? G L ~ L E !  

k3sJdmnrrus contervkcul U J  -* - .-- -we--" 

$ ~ , w ~ ~ x r u c p  -nn":, 
gpft:!k 2x2 ferns 
(1 <:qu,*r. 
C. factvlumiala - - . .." " "* - 
Pl!_at_?p an). 
%?tl%mpral l_a a n m l a  
(12 1 lQi&! z a E ~ G l c l r ! ~ l i ?  
5 &!a 
("*gw> r~ig_r_?riu($ 
5 p i t f ~ ? ~ _ r ? n &  
IjImG c l a r k ~  
Ps@!-u;is s-r 
P2 e-c- (latva/]uv.) 
SJIlrontaCac~ p-l*¶$o& 
*bla ~ t ? t t n n s ~ ?  
nb%-ll~sJPP. 
$-~=r myis te t  
C. gp&Jctus 
G e q o ~ c 1 1 1 s  
Plnnlxa l t t t o r a l l ~  --- -- 

- - 
I t c b r j  qhmt atirimp 
~ ~ r ~ - t w l l ~ ~ ~  qtiost 8hr1 
Black-In1 led shrimp 
Plarol  ahr~mp 
Craaa nhr imp 
Caoliatrip@ sshrlmp 
Spat stirimit 
Crass shrimp 
R l ~ r  mrkd stirlmp -- 
Ixlnyrness crab 
Red r o c k  crab 
S p ~ ~ r  cr;rb -- 

C s i  C 
C y c  
C E 
C t' 
C t 
A S,/C 
C w (- 
C' X 
C Y l ~ n t  rnllk3rs 
C X 
C X 
C S/C 
<: S/C 
C' X 
C S/C 
C X 
A S'C 
C X 
C X 
C Intnrrrral 
C ln t  aunal 
A 5 
C Intaunaf 
(, X 
C x 
C X 
<' X 
C' X 
A S 
A <.. 
c imn~t i~ i  1 ui th  q t ~ o n t  atrrrm[> 
A X 
X X 
A 5 
A 
A S 
C C 
t S 
C S 
A S 
X C 
A (- 

Y <- 
X (I 
C -- 
A S 
A X 
A S 
A X 
A X 
A (: 

A X 
A C 
X X 
A X 
A Y 
LI X 
C S 
C s 
C S 
C S 
A C 
c S 
A S / C .  S 
C C 
C R 
A S 
A S-R 
C S- i.3 
C C 
X Camrnsal  w i  th 

Cl inocardiun sp. 

continued 



Phylum, c l a s s ,  and  species 
Resident o r  Living Feeding 

s c i e n t i f i c  mme Comnon came t r ans i en ta  Abundance modeC habi tsd b 

Puge t t i a  ~ar 
P. producta  - 
Pagurus * 
P. granosimanus - 
P. h i r s u t i u s c u l u s  - 

Kelp c r a b  -- 
Hermit c r a b  
Hermit c r a b  
Hairy hermit c r a b  

Insec t a  
Aedes d o r s a l i s  -- Mosquito 

ECHINODERMATA 
As te ro idea  
E v a s t e r i a s  t r o s c h e l i i  Mottled star 
Lep toas t e r i a s  t e x a c t i s  Six-rayed s t a r  
Pycnopodia he l an tho ides  Sunflower s t a r  
S o l a s t e r  chwsoni -- Sunstar  
S .  s t impsoni  - Morning sun s t a r  

Echinoidea 
Dendras ter  e x c e n t r i c u s  S n d  d o l l a r  
Echinarachnius parma Sand d o l l a r  

Holothuroidea 
Leptosynapta a l b i c a n s  Sea cucumber R C S-B D 

%es iden t  s t a t u s :  R = r e s i d e n t ;  T = t r a n s i e n t ;  Tf o r  R* = seasona l  occurrence. 

b~bundance  s t a t u s :  A = abundant ,  o f t e n  seen on f i e l d  t r i p s ;  C = c a n o n ,  p re sen t  b u t  not  a lways seen on f i e l d  t r i p s ;  
U = uncomnon, p re sen t  i n  sma l l  numbers and seldom seen: X = unknown. 

' ~ i v i n g  mode s t a t u s :  C = c l i n g i n g  t o  blades:  B = b u r r o e r :  E = Epiphyte: N - Nekton: S = feeding on o r  s l i g h t l y  above 
s d i m e n t  su r f ace ;  S/C = Epibenthic  zooplankton. 

d ~ e e d i n g  h a b i t  : H = herbivore;  D = D e t r i t i v o r e :  DF = d e p o s i t  feeder ;  SF = suspension feeder :  C = consunes fauna i n  
e e l g r a s s  and e e l g r a s s  s u b s t r a t e ;  F = f i l t e r  feeder.  

Reference : ACOE 1976; 1977b: Banse and Hobson 1974; Behrens 1980; Cordel l  (pers .  m., 1982); Farmer 1980; 
Gardner 1978; Guber le t  1962: H a r t m n  and Reish 1950; Hobson and Banse 1981: Kohn 1982; Kozloff 1973: Kozloff  1974: Kozloff 
( p e r s .  c m . ,  1983);  Liburdi  and T r u i t t  1973; ~ o ~ ~ / S t a t e  of Washington Dept. o f  Ecology 1980: R i c k e t t s  and Q l v i n  1968: 
Simenstad and Kinney 1978: Simenstad e t  a l .  1979; Simenstad et  al. 1980; Simenstad (pe r s .  caran., 1982); Staude 
( p e r s .  c a m . ,  1982) :  Thayer and P h i l l i p s  1977; Thorn (pers .  c m . ,  1983) .  

Table 13b. L i s t  of f i s h  found i n  eelgrass meadows of the  h c i f i c  Northwest, arranged i n  
functional categories. 

Resident  or Living Feeding 
Phylum, c l a s s ,  a n d  s p e c i e s  
s c i e n t i f i c  n a m e  Common mme t r a n s i e n t a  Tlbundanceb nudeC h a b i t s  

d 

CHORDATA 

Chondr ichthves  
Spiny d o g f i s h  
Big s k a t e  

Qs te i ch thves  
P a c i f i c  he r r ing  
-- 

Clupea harengus p l l a s i  
Clupea l a r v a e  

C 
C 
A-U 

C 
Engrau l i s  mordax Northern anchovy 
Cncorhynchus gorbuscha Pink salmon 

( J u v e n i l e )  
0. k e t a  ( J u v e n i l e )  -- Chum salmon 
0. k i s u t c h  ( J u v e n i l e )  -- Coho salmon 
& t s h a w y t s c b  (Juveni le)  Chinook salmon 
Salmo c l a r k i  -- Sea-run c u t t h r w  t t r o u t  
Hypomesus p r e t i o s u s  p r e t i o s  Surf  sme l t  

a n t  inued 

C 
A-U 

U 
C 
C 



Thble 13b. (Continued) 

Phylum, c l a s s ,  and  s p e c i e s  
s c i e n t i f i c  name 

Sp i r inchus  t h a l e i c h t h y s  
Atherinops a f f  i n i s  
Por ichythus  n o t a t u s  
Gobiesox m e a n d r i c u s  
Gadus mcrocepha lus  
Microgadus proximus 
M. proximus ( J u v e n i l e )  - 
Theragra c h a l c o q r a ~  
Lycodes p l a e r i s  
Aulorhynchus f l a v i d u s  
Gas t e ros t eus  a c u l e a t u s  - 
S y n g ~ t h u s  g r i s e o l i n e a t u s  
C w t o g a s t e r  aggregata  
C . aggrega ta (Juveni  l e  ) 
Rnbiotoca l a t e r a l i s  
E. l a t e r a l i s  ( Juven i l e )  - -- 
Hyperprosopon a r g e n t e m  
Rhacochilus 
T r i c  hodon tr  i chodon 
Anoplarchus purpurescens  
Lumpenus s a g i t t a  
A ~ o d i c h t h y s  f l a v i d u s  
P h o l i s  l a e t a  
P. laeta-venile) -- 
P h o l i s  o r m t a  . - - - - - - . . - . - -- 
Ammodytes hexapterus  
Sebas t e s  c a u r i n u s  
S. melanops -- 
Sebas t e s  s p .  
S. ma l lge r  -- 
Hexagramus bugocephalus - 
H . decagrammus - 
HL s t e l l e r i  
%hidon e lonaa t u s  
_L-- 

Hemilepidotus hemilepidotus 
Artedius  f e n e s t r a l i s  
A. f e n e s t r a l i s  ( Juveni le)  

i a s  c i r r h o s u s  
~ n o p h r y s  bison 
G i l b e r t i d i a  s i c j a lu t e s  -- 
Leptocot tus  a r m t u s  
Myoxoceptn l u s  
O l igoco t tu s  m c u l o s u s  
Psychro lu t e s  paradoxus 
C l inoco t tu s  a c u t i c e p s  
S c o r p a e n i c h w  mtmora  t u s  
Agonos a c i p e n s e r  inus  
Pa l l a s ina  barbata a i x  -- - - 
Xeneretmus l a  t i f  rons 
Eunicrotremus o r b i s  ---- - 
L l p r i s  ca l lyodon 
L. f l o r a e  - -- 
L. g c l o p u s  - 
L. p u l c h e l l u s  -- 
L. r u t t e r i  -- 
I eopse t t a  i s o l e p i s  
Lepidopsetta b i l i n e a t a  
L. b i l i n e a t a  ( Juven i l e )  - 
Microstcmus p c i f i c u s  

Res iden t  o r  

Caranon name t r a n s i e n t a  Abundance b 

Longfin s m e l t  T U 
Top snelt R C 
P l a i n f i n  m i d s h i p n  T U 
Northern c l i n g f i s h  T U 
P a c i f i c  cod T U 
P a c i f i c  t m c o d  T U 
-- R* A 
W l l e y e  p o l l o c k  T U 
Wat t led  e e l p o u t  T U 
Tubesnou t R A 
Threespine  s t i c k l e b a c k  R A-C 
Bay pipef  i s h  R C 
S h i n e r  pe rch  R* A 
S t r i p e d  seape rch  R* A 
S t r i p e d  s e a p e r c h  R* A 
S t r i p e d  seape rch  R* A 
Walleye Sur fpe rch  R U 
P i l e  perch  R* A 
P a c i f i c  s a n d f i s h  T U 
High cockscomb R C 
Snake p r i c k l e b a c k  T* C 
Penpoint gunnel  R* C 
Crescent  gunnel  R* C 
Crescent  gunnel  R* C 
Saddleback gunne l  R* A-C 
P a c i f i c  s a n d  l a n c e  R* A 
Copper r o c k f i s h  R U 
Black r o c k f i s h  'r U 
l a rvae / ]uven i l e s  R* C 
Qu i l l back  r o c k f i s h  T U 
Rock g reen1  ing  T U 
Kelp g r e e n l i n g  T U 
White s p o t t e d  g r e e n l i n g  T U 
Lingcod T U 
Red I r i s h  l o r d  T U 
Padded s c u l p i n  R* U 
Padded s c u l p i n  R* U 
S i l v e r s p o t t e d  s c u l p i n  R* A-U 
Buffa lo  s c u l p i n  R A-C 
S o f t  s c u l p i n  T U 
P a c i f i c  s t a g h o r n  s c u l p i n  R A 
Grea t  s c u l p i n  T U 
T i d e p i  s c u l p i n  T C 
Tadpole s c u l p i n  T U 
Sharpnose s c u l p i n  R* C 
Cabezon T C 
Sturgeon poacher  T U 
Tubenose poacher  R C 
Blacktop poacher  T U 
Spiny lumpsucker R* C 
Spo t t ed  s n a i l f i s h  T U 
Tidepool s n a i l f i s h  T U 
R ~ b n  s n a i l f i s h  T U 
Tadpole s n a i l  f i s h  T U 
R i n g t a i l  s n a i l f i s h  R U 
B u t t e r  s o l e  T U 
Rock s o l e  R U 
Rock s o l e  R U 
Dover sole T U 

Living Feeding 

modeC h a b i t s  d 

N C 
N C 
N C 
N C 
N C 
N C 
N C 
N C 
N C 
N C 
N C 
N C 
N C 
N C 
N C 
N C 
N C 
N C 
N C 
N C 
N C 
N C 
N C 
N C 
N C 
N C 
N C 
N C 
N C 
N C 
N C 
N C 
N C 
N C 
N C 
N C 
N C 
N C 
N C 
N C 
N C 
N C 
N C 
N C 
N C 
N C 
N C 
N C 
N C 
N C 
N C 
N C 
N C 
N C 
N C 
S C 
S C 
S C 
s C 

continued 
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Table 13b. (concluded) 

Resident  o r  Living Feeding 
Phylum, c l a s s ,  and s p e c i e s  
s c i e n t i f i c  name Conanon name t r a n s i e n t a  Abundance modeC h a b i t s  

d 

P l eu ron ich thys  coenosus  
P. coenosus  ( J u v e n i l e )  -- 

C-O s o l e  
C-0 s o l e  

Parophrus  v e t u l u s  Fx~g l l sh  s o l e  
P. v e t u l u s  (Juvenile) -- ~ n g l i s ' h  s o l e  
Pla t i c h v t h u s  s t e l l a t u s  S t a r r v  f l ounde r  ~ ~ 

d - 

Sand s o l e  

a ~ e s i d e n t  s t a t u s :  R = r e s i d e n t ;  T = t r a n s i e n t :  T* o r  R* = seasonal  occu r rence ;  Tk or R4 = l i f e  
c y c l e  occu r rence  such  a s  j u v e n i l e ,  l a r v a l .  

b~bundance  s t a t u s :  A = abundan t ,  o f t e n  seen  on f i e l d  t r i p s ;  C = cononon, p r e s e n t  but  n o t  a lways  seen 
on f i e l d  t r i p s ;  U = u n c m o n ,  p r e s e n t  i n  small numbers a n d  seldom seen.  
C . .  Llvlng mode s t a t u s :  N = nekton;  S = feeding on or s l i g h t l y  above sediment su r f ace .  

d ~ e e d i n g  k b i  ts: H = h e r b i v o r e  on e e l g r a s s ;  C = consunes  fauna i n  e e l g r a s s  and e e l g r a s s  s u b s t r a t e  

References :  ACOE 1977b; Bayer 1981; Brown 1982: Gardner 1978: Miller (pe r s .  c m . ,  1982) ;  
NOAA/State o f  Washington Dept. of  Ecology 1980; Simenstad and  Kinney 1978; Simenstad e t  a l .  1979. 

Table 13c. L i s t  of b i rds  found in eelgrass  meadows of the Pacif ic  NortMst, arranged 
in functional categories.  

Phylm, c l a s s ,  and species Living Feeding 

s c i e n t i f i c  nane Cnnnon nane Abundancea modeb habitsC 

CHORDATA 
Ave s 
Gavia imner -- 
G. s t e l l a t a  - 
Mchnophorus occidental  is 
Podiceps aur i t u s  
P. griseyena - 
P. n i a r i c o l l i s  - 
&td ilynbus pod iceps 
Phalacrocorax a u r i t u s  
P. pelagicus - 
Branta canadensis 
B . n i c l a  - 
Chen hyperborea 
Phi l ac  te canag i ca  
Anas platyrhynchos 
A. s t repera  - 
A. crecca -- 
A. acuta -- 
A. clypeata 
A. penelope - 
A. mericana 
z t h y a  v a l  i s i n e r i a  
A. marila 

Chmnn loon 
Fed- throated loon 
Western grebe 
Horned grebe 
Fed-necked grebe 
Eared grebe 
Pied-billed grebe 
Double-cres ted cormorant 
Pelagic c o m r a n t  
Canada goose 
Bran t 
Snow goose 
nnperor goose 
Mallard 
Gadwall 
Green-winged teal 
P i n t a i l  
Northern shoveler 
European wigeon 
American wigeon 
Canvasback 
Greater scaup 
Lesser scaup 

C 
c? 
c* 
c? 
c* 
c? 
U 
U 
U 
U* 

A-C* 
A-c? 

U* 
c* 
U* 

A-c? 
c? 
c? 
U* 
A-c? 
c? 
U* 
U* 

continued 



T a b l e  13c .  (Continued) 

Phylun, class, and spec i e s  
s c i e n t i t i c  nane ~bmnon nane 

A. collaris - 
W e p h a l a  c l a q u l a  
B. i s l a n d i c a  - 
B. a l b e o l a  - *- 

H i s t r i o n i c u s  h i s t r i o n i c \  
Melan i t t a  deg land i  
M. perspicillata 
M. n i q r a  
Z y u r a  ~ m a i c e n s i s  
Olor  co lunbianus  - 
Hsrgus merganser 
M, serrator - 
Lnpkdytes cacullatu.! 
Pand ion h a l b e  t u s  
mrdias 

-.r- 
k-1 ica ~ m e r  rcana 
H a e m a t o z  bac hnani 
Charadrrus  -tus 

C. _ a t  - 
C. canutus  

y a l l i n a y o  
Larus g l a u c e s c e n s  
P 

L, o c c i d e n t a l  is - 
L. nu e n t a t u s  -* - t. ca  I ornlcus 
L, de lawarens i s  - 
L, canus -- 
t. heemanni - 
L. p h i l a d e l p h i a  - 
L. t h a y e r l  
*- -- 

Ring neck duck 
Gmmon goldeneye 
Barrow' s galdeneye 
Buttlekad 
Harlequin duck 
White-winged scoter 
S u r t  scoter 
Black scoter 
Rujdy duck 
W h i s t l i t q  swan 
OmKKl merganser 
k d - b r e a s t e d  merganser 
W e d  meffjanser 
-Prey 
Wat  blue heron 
h e r i c a n  coot 
Black o y s t e r c a t c h e r  
Sem ipaltm ted plover 
Killdeer 
black-bel l ied p lover  
frxly-hi1 led curlew 
Whimbrel 
Marbled gadwit 
l a c k  sandpiper 
Dun1 i n  
&d knot 
Laast sandpiper 
Western s a d p i p e r  
Sirnderl iny 
!5gmtted sandpiper 
Wandering tattler 
Shor t -b i l l ed  dowitcher  
Lony-billed dowitcher  
S u r f b i r d  
tbddy turnstone 
Ellack turns- 
Greater yel lowlegs 
Lesser yel lowleys 
Northern phalarope 
u3mnon snipe 
Glaucous-wiryed g u l l  
Western g u l l  
Herring g u l l  
C a l i f o r n i a  g u l l  
Ring-billed g u l l  
Mew g u l l  
H e e m n n '  s g u l l  
m n a p a r  te ' s g u l  1 
Thayer's g u l l  



Table 13c. (Concluded) 

Living Feeding 
Phylm, class, and species 
s c i e n t i f i c  name Ocrmnon nane &undancea d e b  habitsC 

Sterna hirundo Camnon tern 
Hydroprcyne caspia  Caspian tern  
Uria aalue  Ccmmn murre -- 
Cepphus co lmba  Pigeon guillemot 
Derorhinca monocerata Rhinoceros aukle t  
~ r a c h y r G h u s  m a m r a t u n  Marbled murrelet 
MegaceryLe alcyon Eelted king£ i sher  
Corvus caurinus Northes tern  crow 

c? 
U* 
u* 
C 
C 
u 

c-u* 
C 

a Abundance s ta tus :  A = abundant, often seen on f i e l d  t r ips ;  C = caranon, present but 
not always seen on t i e l d  t r i p s ;  U = uncarmon, present in  m a l l  nLmbers and s e l d m  seen; 
* = seasonal occurrence. 
b . .  Lrvrng mode: d = d i p p r ;  D = diver; G = grazer; W = wader; S = scavenger; BP = 
b i r d  of prey. 
c Feeding habi ts  : H = herbivore on eelgrass; C = mnsunes fauna in eelgrass  and 
ee lg rass  subs t ra te  . 
Fe ferences : B a l l e w  (pers. c m . ,  1983); Bayer 1980; Eaton 1975; Einarsen 1965; 
Gardner 1978; Kortwright 1967; NOWState of Washington E p t .  of Ecology 1980; Outram 
1958; Paulson (pers ,  c m .  , 1983) ; e r r e s  1980; WaN and ~ a u l s o n  1971. 

abundance and biomass of  b i v a l v e s  over  
that o f  nearby unvegetated sandy areas. 

Figure 15. Kelp crabs ( ~ u g e t t i a  g r a c i l i s )  
i n  eelgrass  bed i n  Puget Sound. 

I n  the Hood Canal, Washington, Yoshinaka 
and  E l l i f r i t  (1974)  diagrammed t h e  
p r e s e n c e  o f  ben t -nosed  clams, b u t t e r  
clams, geoduck clams, jointed tube worms, 
red-banded tube worms, b r i t t l e  stars, and 
clam worms as c h a r a c t e r i s t i c  in fauna  i n  
eelgrass  meadows. 

Occas iona l ly ,  t h e  ve ry  l a r g e  s t a r f i s h ,  
such as Pycnopodia can be observed wi thin  
eelgrass  Ms, attempting t o  ex t rac t  clams 
o u t  o f  the  bottom (Figure 16). 

'She h i g h  m o b i l i t y  o f  f i s h e s ,  cephalopods, 
and many decapod crustaceans enables them 
to migrate to and from beds on a seasonal 
or d i u r n a l  basis. C o n s i d e r i n g  t h e i r  
abundance arid functional r e la t ions  within 
t h e  e e l g r a s s  b e d s  o f  s o u t h e r n  J a p a n ,  
Kikuchi (1966) c lass i f i ed  the nekton i n t o  
four categories: (1) permanent residents: 
f i l e f i s h ,  s e a  c a t f i s h ,  s y n g n a t h i d s ,  
g o b i e s ,  b l e n n i e s ,  a n d  h i p p l y t i d  and 
palaemonid shrimp; (2) seasonal residents: 



Figure  16. Pycnopodia he l ian thoides  i n  ee lg ra s s  meadow i n  Puget Sound 
attempting t o  extract a clam out of the bottcm. 

a. j u v e n i l e  and subadult  s t a t e s :  sea 
bass, rock fishes, alterids,  yerreids, sea 
breams, g r o u p e r s ,  and greenl ings;  b. 
r e s iden t s  i n  spawning season: squid, 
portunid c rabs ,  and some shrimps; (3 )  
transients: puffers; (4) casua l  species.  
He no ted  t h a t  some o f  t h e  s e a s o n a l  
r e s iden t s  were commercially important,  
especially i n  the jwenile stage (Kikuchi 
1980). For commercially valuable inshore 
and a f f s h o r e  f i s h  species,  t h e  ee lgrass  
meadow is m o s t  important i n  the juvenile 
stage i n  providing food and shelter; i.e., 
i n  p r o v i d i n g  a n u r s e r y  f o r  t h e i r  
developnent . 
I n  Nor th  C a r o l i n a ,  Adams (1976a,b) 
reported that  f i shes  i n  ee lgrass  were 
c h a r a c t e r i z e d  by low d i v e r s i t y  (39 
s p e c i e s )  a n d  h igh  s t a n d i n g  c r o p s  o f  
biomass and energy, both of which showed 
s e a s o n a l  v a r i a t i o n .  Winter  s t o c k s  
( ~ e c e m b e r - ~ p r i l )  averaged about 15% a s  
high as durirng May-~ovember, a function of 
water temperature. He also reported that 
s tocks a t  n igh t  were tw ice  as h igh  a s  

during t h e  day. F ish  d i d  no t  feed i n  t h e  
ee lg ra s s  a t  night .  I n t e r e s t i n g l y ,  Adalns 
( 1 9 7 6 b )  n o t e d  t h a t  t h e  f e e d i n g  
r e l a t i o n s h i p  of  c e r t a i n  spec i e s  changed 
w i t h  the developmental stage. The general 
trend for the  pin£ ish, which dominated t h e  
biomass of the f i sh  community (45% and 67% 
i n  two systems),  was t h a t  copepods were 
used f i r s t ,  then  e e l g r a s s  d e t r i t u s ,  and 
f i n a l l y  an  omnivorous s t a g e  was reached 
where p lychae tes  and plant material  were 
used. 

O r t h  and Heck (1980) reported a d i f fe ren t  
f i s h  community i n  e e l g r a s s  of t h e  
Chesapeake Bay (48 spec ies ) ,  b u t  noted 
s imi l a r l t i e s  i n  seasonal abundances. They 
noted t h a t  t h e  number of f i s h  s p e c i e s  
associated with eelgrass was dramatically 
higher than nearby unvegetated substrates. 
This  was a l s o  repor ted  by Briggs and 
O'Connor (1971) i n  New York and by Kikuchi 
(1974) i n  Japan. In a l l  of these eelgrass  
beds many species were important food and 
game f i sh .  In  New York, 3 8  spec i e s  w e r e  
c o l l e c t e d  i n  e e l g r a s s  117 p r e f e r r i n g  



e e l g r a s s )  , while  29  s p e c i e s  were found f i shes  as w e l l  a s  e a r l y  s tages  of pelagic 
over sand (only s i x  preferred sand). and demersal f i s h e s  i n  e e l g r a s s  meadows. 

These f i s h  included v a r i o u s  s c u l p i n s ,  

S p e c i f i c a l l y ,  i n  the P a c i f i c  Northwest, 
Thayer and P h i l l i p s  (1977) s t a t e d  t h a t  
m o s t  o f  the n e k t o n  a s s o c i a t e d  w i t h  
e e l g r a s s  i n  Puge t  Sound a r e  c a r n i v o r e s ,  
which feed  on  d e t r i t i v o r e s  and conduct 
d i u r n a l  and s e a s o n a l  movements i n t o  and 
o u t  o f  t h e  e e l g r a s s .  Numerous f i s h  use  
t h e  e e l g r a s s  a s  n u r s e r y  g r o u n d s .  
Commercially i m p o r t a n t  members w e r e  
p a r t i a l l y  dependent  o n  e e l g r a s s  f o r  a t  
l e a s t  part o f  t h e i r  l i f e  history:  Pacif ic  
h e r r i n g ,  s t r i p e d  s e a p e r c h ,  a n d  the 
juvenile s tage of the chum salmon. 

A t  l eas t  57 s p e c i e s  o f  f i s h  w e r e  
i d e n t i f i e d  i n  P a d i l l a  Bay (NOAA 1980),  a 
s i t e  w i t h  s ign i f i can t  stands of ee lgrass  
in northern Puget Sound ( f i v e  species of 
salmon, steelhead, s e a  r u n  c u t t h r o a t  
t r o u t ,  s m e l t ,  P a c i f i c  h e r r i n g ,  s o l e ,  
flounder, and 10 species  of sculpins have 
spor t  and c m e r c i a l  importance). In 
n o r t h e r n  Puget Sound, Beak Consu l tan t s  
(1975) r e p o r t e d  2 0  s p e c i e s  o f  s h o r e l i n e  

g u n n e l s ,  r o c k f i s h ,  g r e e n l i n g s ,  a n d  
cabezon.  T h i s  s t u d y  e m p h a s i z e d  the 
juven i le  s t a g e s ,  which used the e e l g r a s s  
meadows fo r  shel ter  and food fo r  a portion 
o f  t h e i r  l i f e  c y c l e  or throughout  t h e  
year.  Open-water f i s h e s  such as P a c i f i c  
h e r r i n g  and young s a l m o n  ( s e v e r a l  
species), a r e  found i n  eelgrass tkroughaut 
the year. 

I n  a s t u d y  done a t  A l k i  Po in t ,  Puget 
Sound, Brown (1982) found t h a t  s i x  f i s h  
s p e c i e s  were permanent residents. These 
were composed o f  adu l t  tube snouts (Figure 
17) and a d u l t  s o l e s  (Engl ish ,  rock,  and 
C-O; Figure  1 8 ) ,  b u f f a l o  and P a c i f i c  
s t aghorn  scu lp ins ,  and t h e  a d u l t  bay 
p ipef  i sh .  Seasonal r e s i d e n t s  included 
nine species, m o s t  of which were juveniles 
(seaperch,  perch,  tomcod, gunnels ,  and 
scu lp ins ) .  A t o t a l  o f  41 f i s h  s p e c i e s  
were found i n  t h e  e e l g r a s s  bed. Brown 
concluded t h a t  the eelgrass  habitat was an 
important spring and summer nursery ground 
f o r  v e r y  young j u v e n i l e s  o f  s e v e r a l  

Figure 17. Tubesnouts i n  eelgrass  meadow, Puget Sound. 
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F i g u r e  18. Flounders rnoving i n t o  t ransplanted  ee lg ra s s ,  Puget Sound. 

species, p a r t i c u l a r l y  juveniles  o f  s t r i p e d  
seaperch, padded sculpin,  c r c s c e r ~ t  gunnel, 
drld E n q l l s h  sole. Seasona l  maxima i n  
abundance and s p e c i e s  rlchriess occurred In  
sumnier a n d  a u t u m n .  F i s h  clbundance 
i n c r e a s e d  a t  n i g h t  as i n  North C a r o l i n a  
and t h e  C h e s a p e a k e  Bay. The h a b i t a t  
complex i ty ,  l.e., e e l y r a s s  d e n s i t y ,  i ts  
l e a f  canopy and rh i zo~~ ie - roo t  penet ra t ion  
irito t h e  s u b s t r a t e ,  a rd  epiphyte coinplex, 
wds r e l a t e d  to f i s h  abundance and species 
r i c h n e s s  (Brown 19b2). None o f  t h e  f i s h  
were d e t r i t i v o r e s .  A l l  were carnivores,  
except the b u f f d l 0  sculpirl which c o n t a i n ~ z  
Ulva i n  58% of its stomach contents. - 
I n  n o r t h e r n  P u y e t  Sound, bllllcr e t  a l .  
( 1 9 7 5 )  r e p o r t e d  04  t i s h  s p e c i e s  I n  
e e l g r a s s .  C2f this number, three s p r n e  
s t i c k l e b a c k s ,  s t a g h v r n  s c u l p i n ,  s h l n e r  
perch ,  P a c l f  i c  I le r r lng ,  Chlnook salmon,  
a n d  s u r f  s r n e l t  w e r e  d o m i n a n t .  ' r h e y  
c.!ricludrxi t h a t  t h e  ee lg ra s s  f i s h  t d . m  was 
t h e  rictiest, m o s t  auundarlt p e l a g i c  f l s h  
tauria o f  any h a b r t a t  sampled. 

I n  Yaquina e s t u a r y ,  Oregon, Bayer (1961) 
c o l l e c t e d  3 J  f i s h  s p e c l e s  i n  an a c l y r a s s  

meadow, o f  which  f o u r  were  dominan t .  He 
d e s c r i b e d  seasonality i n  s p e c i e s  number 
b u t  a l s o  f o u n d  s e a s o n a l i t y  i n  
developmental s t a t e .  The s ~ n a l l e s t  size 
s t a g e s  w e r e  m o s t  abundan t  i n  e e l g r a s s  i n  
August and  January-Play, b u t  no d i u r n a l  
changes i n  spec i e s  were noted. 

Many s t u d i e s  have b e e n  d o n e  o n  t h e  
dbut~dance, seasonal i ty ,  aru dependence on 
ee ly ra s s  of t h e  Pacific i-lerrlny. 'fils is 
o b v i o u s l y  due  to t n e  c o m ~ n e r e i a l  v a l u e  o f  
the f l s h  as balt  for s p r t  s a l ~ l o n  fishing 
alld t h e  dse o f  e g g s  a s  roe. m t h  P d c i f i c  
her r ing  mi smelt d e p s l t  eggs on e e l y r a s s  
as w e l l  as algae. 'Illis d e p s i t l o n  occurs 
througtlout t h e  Pcicl  i l c  Nor t l lwes t  r e g i o n .  
J u s t  to e s t a b l i s h  the value  o f  trie c r o p  of 
eggs, Webb and i i ou r s ton  (1 979)  r e p o r t e d  
t h a t  f o r  b r i t i s h  C o l u ~ n b i a  a l o n e  the roe 
h e r r i n g  l n d u s t r y  t o o k  U1,WdW t o n s  
(7~ ,636 ,3 t j4  kg) I n  1976-77 w ~ t h  a l a n d e d  
v a l u e  o f  $29 m r l l i o n .  'Phe food f l s r l e r y  
took  a l lo the r  7 ,  w d d  t o n s  (o, 363,63b kg) 
w o r t h  3b.9 m l l l l o n .  The peak  f r s h e r y  
o c c u r r e d  f rom 1953-54 t o  1904-G5 when 
c a t c h e s  f l u c t u a t e d  f r o m  17b,uc)3  t o n s  
( 1 5 4 , 5 4 5 , 4 5 5  k g )  t o  2 6 d , u 3 6  t o n s  



(239,d9~,9(ii9 kg) (outram and Hulnphreys 
1974) . 
Herrlng spwnlnys  begjln In  t h e  f l r s t  week 
o f  Yrbrudry drid c o n t l n u e  u n t r l  t i le  t h l r d  
week o f  June ,  b u t  76% of a l l  recorded 
d e p o s l t l o n  o c c u r s  I n  bldrch  ebb and 
Hourston 1979). Some v a r l a l l l t y  1s noted 
from y e a  t o  yedr, ~teperlciing on the  water 
temperature .  one  3-year-old fernale may 
d e ~ s l t  L~i,udw adhesrve eyys onto  eelgrass 
or one of several  specles of bentlilc alyde 
(P lgure  13).  Eyg development o c c u r s  I n  
14-15 days a t  water temperature of do C. 
Upon d e p o s l t l o n  of t h e  eggs  and hatchlny 
o f  t h e  f r y ,  enormous swarrns o f  b i r d s  
(seagulls  and ducks) a r e  a t t rdc ted  to the  
e e l g r a s s  beds. 8 l o r t a l l t y  o f  eggs  and 
juvenile h e r r i n g  may be a s  g r e a t  a s  5d1& 
(Outrdrn 195b; pers. comln., 1931). 

I n  n o r t h  t e m p e r a t e  e e l g r a s s  beds, 
wdterfowl  dre t h e  prlrndry h e r b i v o r e s  on 
l lv iny plants. 'i'hls is i n  d i r e c t  contras t  
to t h e  t r o p l c s  where a l a r y e  number o f  
f i s h  and sea  u r c h i n s  are d l r e c t  g razers .  
The b l r d s  on t h e  P a c i f r c  c o a s t  edt a 
v a r l e t y  o f  p roduc t s  from the  e e l g r a s s  
beds: wa te r fowl  s u c h  a s  black bratl t ,  
Canada y eese ,  emperor geese ,  wigeons, 
s c o t e r s ,  cn r ivas~ack  ducks, arid c o o t s  eat 
e e l q r a s s  vege ta t ion ;  p l n t a l l s ,  mallards, 
and green-wlng t e d l s  gorge on e e l g r a s s  
seeds  and e p i p h y t i c  pelecypods on the 
blacles be fore  ~ n i g r a t l n g  from Izentbek 
Lagwn ( ~ c R o y  and d e l f f e r l c h  19Uld); and 
mdny shorebirds and solrle ducks g o  t o  
eelgrass becis t o  f e d  or1 assa'latcxi fauna 
(mnollusks, armellcis, crustacems) . Gulls, 

F igure  19. E e l g r a s s  c o m p l e t e l y  covered b y  P a c i f i c  h e r r i n g  eggs, B r i t i s h  Columbia, 
Canada (Photo, courtesy of D r .  D.N. Outram) . 
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cuots,  and s u r f  s c o t e r s  prey on her r ing  
eggs deposi ted on eelgrass .  Bird use of 
ee lg ra s s  meadows is heavy i n  terms of 
abundance and spec ies  richness.  Thls is 
possible ,  owing t o  t he  shal low na ture  of  
muck o f  t h e  e e l g r a s s .  A t  low t i d e  
numerous shorebirds ,  including the great 
blue heron, pick animals  from t h e  beds. 
The niches of the waterfowl also appear to 
be  divided. Diving ducks e a t  animals,  
while t h e  dabblers  e a t  ee lg ra s s  blades.  
Once I d i d  observe, however, a d iv ing  
scaup come up wi th  an e n t i r e  ee lg ra s s  
p l a n t  i n  i t s  b i l l .  The b i r d  fauna  
associated wi th  t h e  ee lgrass  beds i n  t h e  
Pac i f i c  Northwest is Listed i n  Table 13. 
Also included i n  t h e  list of waterfowl 
which e a t  e e l g r a s s  i n  t h e  P a c i f i c  
N o r t h w e s t  a r e  r i n g - n e c k e d  d u c k s ,  
buff lehead ducks, and ruddy ducks. 

These b i r d s  o b v i o u s l y  t a k e  a g r e a t  
quant i ty  of  energy from t h e  ee lg ra s s  
system. In Alaska, McRoy (1x6)  estimated 
t h a t  each black b r a n t  consumed 180 g dry  
w t  ee lgrass /b i rd /day  (about 4% of t h e  
s t a n d i n g  s t o c k ) .  The t o t a l  amount 
consumed by the  other grazing birds  is a s  
yet undetermined, a s  is the amount of food 
taken by  t h e  epiphyte scrapers (Steller 's  
eiders) and animal feeders. 

The waterfowl and shorebirds  a l s o  add a 
g rea t  b u t  a s  y e t  undetermined amount of  
nutrients t o  the eelgrass meadows. A t  l o w  
t ides  one can observe numerous large white 
patches of excrement dumped by gul l s  onto 
t h e  ee lgrass ,  whi le  t h e  water fowl add 
theirs  d i rec t ly  to the water colunn. 

Owing t o  t h e  economic va lue  o f  t h e  black 
brant  on t h e  Pacific coas t  from s p o r t  
hunting, t h e  populat ions of t h i s  spec ies  
have been traced for years. Brant appear 
t o  ea t  primarily eelgrass leaves; however, 
some populat ions i n  the mid-1940's were 
observed consuming rhizome-root s e c t  ions  
(Witherby  e t  a l .  1943: Cottam e t  al .  
1944). The e a s t e r n  b r a n t  depended on 
ee lg ra s s  f o r  over 85% of  i ts d i e t  i n  t h e  
north, while  i n  North Carolina where t h e  
blades were shor te r ,  Ruppia m a r i t i m a  
averaged up t o  12% of t h e  win ter  food. 
Algae, m o s t l y  Ulvaceae o f  v e r y  low 
nutrit ional value, only constituted 1% of 
the  food used. Following t h e  wasting 
d i s e a s e  o f  t h e  1930's ,  e e l g r a s s  o n l y  
cons t i tu ted  9% of t he  food consumed; 

Ruppia i n c r e a s e d  t o  16%, w h i l e  t h e  
Ulvaceae increased t o  36%. Most o f  t h e  
birds  diverted t h e i r  migra t ion  rou te  and 
went in land  t o  feed on win te r  wheat and 
rye. Some brant from New Jersey t o  North 
Carolina are even now raiding home lawns 
for  Kentucky bluegrass (Reiger 1982). On 
t h e  P a c i f i c  c o a s t  t h e r e  were  minor  
dec l ines  o f  ee lg ra s s  i n  1938. The black 
b r a n t  t h e r e  a l s o  used Ulvaceae as a n  
al ternat ive d i e t  (Moffit and a t t a m  1941). 

Black b r a n t  p o p u l a t i o n s  seem t o  be 
d rama t i ca l ly  dec l in ing  i n  t h e  P a c i f i c  
Northwest, correlated with the draining of  
c o a s t a l  marshes, conversion of  bays to 
boat  marinas, and a gene ra l  i nc rease  i n  
water use by people ( ~ e i g e r  1982). 

Proc tor  e t  a l .  (1980b) s t a t e d  t h a t  t h e  
major concentration a r e a s  o f  black b r a n t  
i n  the Pacific Northwest a r e  Grays H a r b o r ,  
Willapa Bay, the Columbia River, Coos Bay, 
and Humboldt Bay. The important  hunted 
w a t e r f o w l  i n c l u d e  American wigeon,  
m a l l a r d ,  p i n t a i l ,  canvasback, Canada 
geese, and t h e  black brant .  In  1976 a 
t o t a l  of 101,420 ducks and 3,770 geese  
were harvested from f i v e  coun t i e s  i n  
southwestern Washington. In 1972 a total 
o f  121,570 ducks and 2,450 geese w e r e  
taken from seven c o a s t a l  coun t i e s  i n  
Oregon (proctor e t  al. 1980b). 

The Washington S t a t e  Department o f  Game 
(pers. comm., 1982) related t h a t  there are 
two p r i n c i p a l  win ter ing  areas f o r  b l a c k  
b r a n t  i n  Washington: P a d i l l a  Bay and 
Willapa Bay. A few brant feed on eelgrass  
throughout Puget Sound; however, there  a r e  
a l so  two segments of the brant population: 
those that winter i n  Washington and those 
that winter in Baja California but re turn  
t o  Washington in April t o  feed i n  eelgrass  
during d a y t i m e  low tides. Brant a r r ive  i n  
Washington i n  mid-November and the winter 
population peaks i n  January. An increase 
i s  n o t e d  i n  A p r i l  b e f o r e  t h e  e n t i r e  
population leaves i n  May. 

Lane (1980) r e p r t e d  t h a t  60,000 to 70,000 
black brant stop by to  feed on eelgrass in 
P a d i l l a  Bay i n  t h e  sp r ing  migration. A 
r e p o r t  made f o r  P a d i l l a  Bay (NOAA 1980) 
l i s t e d  239 spec i e s  of  b i r d s  and a l s o  
s t a t e d  t h a t  an average of 5,000 b r a n t  
winter on the  bay (5,000-8,000 on Padi l la  
Bay and  Samish Bay, w i n t e r  1981-82; 



Washington S t a t e  G a m e  Dept., pers. comm., 
1982), with spring counts averaging 47,392 
b i r d s  ( u p  t o  58% oE t h e  P a c i f i c  Flyway 
p a s s e s  through P a d i l l a  ~ a y ) .  An average 
of 50,rilBB ducks w i n t e r  on P a d i l l a  and 
nearby Samish Bays (over 6,LMB a r e  diving 
ducks:  canvasbacks,  scaup, go ldeneyes, 
buf f l eheads ,  and s c o t e r s  on ~ a d i l l a  Bay 
a l o n e ;  s e v e r a l  of t h e s e  s p e c i e s  feed on 
e e l g r a s s  o r  a n i m a l s  w i t h i n  t h e  system).  
I n  northern Puget Somld, Sitnenstad e t  al. 
(1979)  r e c o r d e d  t h a t  t h e  p r i n c i p a l  
w i n t e r i n g  sites f o r  b lack  b r a n t  were 
P a d i l l a  Bay, Samish Ray, Discovery Bay, 
a n d  Sequiln Bay. I n  A p r i l  up t o  18,00U 
b r a n t  were recorded i n  Siunish Bay, 55,Om 
i n  P a d i l l a  Bay, and 6,000 i n  Discovery 
Bay 

A t  Grays Harbor an estimated 5(21,00U ducks 
a n d  6,000 b r a n t  use  t h e  e s t u a r y  dur ing  
w i n t e r  ( P r o c t o r  e t  al .  1990b). Grays 
Harbor a l s o  s u p p o r t s  more t h a n  150,01dU 
s h o r e b i r d s  dur ing  peak migrations and is 
an important l ink  i n  t h e i r  migration (ACOE 
1977b). I n  Wi l lapa  Bay, 50,000 b lack  
b r a n t  o v e r w i n t e r  ( p r o c t o r  e t  al. 1980b). 
Only 1,500-2,2l30 b r a n t  overwin te red  i n  
1981-82 (Washington S t a t e  G a m e  Dept., 
pers. comm., 1982) .  A t  p e a k  p e r i o d s  
W i l l a p a  Bay h a r b o r s  200,O(a0 o r  more  
waterfowl. I t  is known rmw that Willapa 
Bay and Humboldt Bay a r e  i m p o r t a n t  
w i n t e r i n g  a r e a s  f o r  t h e  canvasback duck 
(850 w i n t e r  i n  Wi l lapa  Bay w i t h  peak 
popula t ions  a t  1,4I?I0 t o  1,600; P r o c t o r  e t  
dl. 1980a,b). Winter ing popula t ions  o f  
ducks i n  Humboldt Bay are 124,000 w i t h  an 
addi t ional  35,000 black brant. 

I n  the Yaquina estuary, black brant  a r r i v e  
i n  la te  October-ear 1 y November, i n c r e a s e  
i n  numbers t o  350-525 b i r d s  i n  mid- 
January,  and f u r t h e r  i n c r e a s e  t o  780-914 
b i r d s  i n  l a t e  March (R.D. Bayer, pe r s .  
ccmn., 1983). 

Tfius, t h e r e  is a l a r g e  list o f  b i r d s  t h a t  
d i r e c t l y  e a t  or are dependent on eelgrass 
a n d  i t s  f o o d  w e b s  ee able 1 4 ) .  The 
nutr ient  and energy flows that these  b i rds  
control  and dr ive  are emrimus i n  scope. 

4.8 TROPHIC RELATIONSHIPS AND GENERAL 
m u m  

As with a l l  t h e  world 's  ecosystems, t h e  
eelgrass system supports both grazing and 

d e t r i t a l  food webs. Owing to  t h e  high 
p r d u c t i v i t y  of eelgrdss and its sloughing 
of l ea f  material from the shoots, a th i rd  
pathway of energy flow is evident, t h a t  of 
leaf  and d e t r i t a l  e x p r t .  

Recent work in  the  tropics has documented 
t h e  increas ing importance o f  t h e  di rect :  
use o f  leaves  and ep iphy tes  (grazing,  
herbivory) ,  but  i n  seayrasses  g e n e r a l l y  
and e e l g r a s s  i n  p a r t i c u l a r ,  t h e  d e t r i t a l  
food webs within the  eelgrass meadows are  
s t i l l  t h e  primary pathway o f  t r o p h i c  
energy transfer (Kikuchi 1980). 

Very few organisms use the f resh eelgrass 
p l a n t s  i n  t h e  P a c i f i c  Northwest a s  food. 
Table 14 lists t h e  waterfowl which a r e  
overwhelmingly t h e  dominant g r a z e r s  on 
e e l g r a s s  i n  t h e  r e g i o n .  McRoy and 
H e l f f e r i c h  (1980) l i s t e d  o n l y  t h e  green 
urchin, Stronglyvcentrotus drobachiensis ,  
which consma2 fresh eelgrass. 

It would be useful  t o  have abundant d a t a  
on t h e  amount o f  energy o r  production 
which  is channe led  t h r o u g h  d i r e c t  
herbivory, the  detri taL E d  webs, and the 
export route. Unfortunately, only t h e  old 
s tudy  done by Petersen (1918) i n  Denmark 
and t h e  relat ively recent one conducted by 
Thayer et al .  (1975b) have documented the 
energy flows q u a n t i t a t i v e l y .  Thayer e t  
al. (1975b) concluded t h a t  t h e  e e l g r a s s  
system exports to adjacent systems, on the 
bas i s  of a net incrase of sedirnent carbon, 
b u t  no d i r e c t  work was done. They also 
c a l c u l a t e d  t h a t  the  macrofauna i n  t h e  
e e l g r a s s  bed i n  North Caro l ina  consumed 
e n e r g y  e q u i v a l e n t  t o  55% of t h e  n e t  
p r d u c t i o n  of eelgrass, phytoplankton, and 
benthic algae i n  the bed. 'hey calculated 
a gross-growth eco log ica l  e f f i c i e n c y  o f  
12% f o r  t h e  macrofauna i n  t h e  bed and 24% 
f o r  t h e  f i s h  community, sugges t ing  a 
f a i r l y  e f f i c ien t  system with a surplus of 
energy t o  support the food webs. The high 
efficiency for the  fish, in  large  measure 
a r e s u l t  of high proportions o f  juveniles 
i n  t h e  community, s u g g e s t s  t h a t  t h e  
e e l g r a s s  system provides  r e s i d e n t  f i s h  
w i t h  s u p e r i o r  s h e l t e r ,  f o o d ,  a n d  
p ro tec t ion .  These f i s h  probably spend a 
r e l a t i v e l y  s m a l l  p r o p o r t i o n  o f  t h e i r  
energy coping with environmental extremes, 
searching f o r  food, and escaping from 
predators, and can u s e  a r e la t ive ly  large 
part  of their consumed energy for growth 



Table 14. waterfowl that use ee lg rass  meadows in the Pacif ic  Northwest. 

Species Location Winter w l a t i o n  Spring population Food 

Black brant 

Ducks 

padilla 5,000 
samish Bay -- 
Discovery Bay - 
Grays Harbor 6,000 
Wi l l ap  Bay 50, Wa0 
Yaquina Estuary 350-525 
Humboldt Bay 35,000 

Padilla arid Samish 50,000 (6,000 are  
Bays diving ducks ) 

Grays Harbor 50,800 
Willapa Bay 

Canvasback duck 850 
Humkoldt Bay 124,000 

Shorebirds Grays  arbor -- 

Miscellaneous 
Canada geese 
Elnperor geese 
American wigeon 
Scoters ( 3  species)  

Coots 
Canvasback 
Ring-neck 
Bufflehead 
Ruddy 
Pinta i l  

Mallards 

Green-wing t e a l  

scaups ( 2  species) 

Eelgrass vegetation 
,I 

Eelgrass vegetation o r  
animal l i f e  on o r  
m n g  the  p lants  

8 

Eelgrass vegetation 
Eelgrass vegetation o r  

animal l i f e  on o r  
a m ~ q  the plants 

Animal Life on o r  
m n g  the plants 

Eelgrass vegetation 

Eelgrass vegatntion; 
herring eggs 

Eelgrass vegetation 

Eelgrass vegetation 

Eelgrass seeds; 
epi  f dUM 

Eelgrass seeds; 
ep i  fauna 

Eelgrass seeds; 
epi  fauna 

Eelgrass vegetation; 
fauna 

shel ters  200,0!30 or  more waterfowl at  peak periods. 

and product ion.  Figure  11 shows the 
p r o p o r t i o n a l  r e l a t i o n s  o f  t h e  v a r i o u s  
trophic compnents i n  this North Carolina 
e e l g r a s s  sys tem (Thayer e t  al. 1975b). 
Table 15 lists t h e  various compartments i n  
t h i s  sys tem and the energy r e l a t i o n s  
involved. 

F i n a l l y ,  a n  a b u n d a n t  l i t e r a t u r e  h a s  
documented the r o l e  o f  e e l g r a s s  as a 
nursery  f o r  young f i s h  and many o t h e r  

a n i m a l s  ( ~ h a y e r  e t  al. 1975b; Adarns, 
197Ga,b; Thayer and P h i l l i p s  1977; Thayer 
e t  a l .  1979; ; Kikuchi 1980; McKoy and 
Helffer ich 1980; O r t h  and Heck 1980). The 
meadow a c t u a l l y  is  a g i a n t  f w d  f a c t o r y ,  
feeding a s m a l l  number of herbivores, wi th  
most of the  primary p r d u c t i o n  decaying to 
e n t e r  the d e t r i t a l  food webs. Owing t o  
t h e  d e n s i t y  o f  f o l i a g e  a n d  s e d i m e n t  
s t ab i l i za t ion ,  the  habitat a l s o  becomes a 
refuge f o r  many o ther  animals. Thus, the 
meadow attracts permanent, seasonal, and 



Table 15. Energy in various ccmpartments of an eelgrass bed i n  Mrth  Carolina ( a f t e r  
Thayer et a l .  1975b). 

compartment Energy value i n  Ehergy input to  Energy lost f m  
ccmpartment ca~partment 
(kca l /d /yr )  (kca l /d /yr )  

1. Primary p r d u c e r  
Eelgrass 135 
Benthic algae 18 
Phytoplankton 1 

2. Detritus production 21,160 

3. Bacteria, microfauna, 47 
Meiofauna 

4. Nekton 6 

6. Infauna 30.7 

t r a n s i e n t  r e s iden t s ,  some on a seasonal  
basis, and some on a diurnal basis. 
A r e l a t i v e l y  new t e c h n i q u e  h a s  been 
employed t o  delineate the flows of carbon 
from p l a n t s  t o  nimals  i n  seagrass  food 
webs. t h e  d e l  ''C o r  13c/12c ra t io .  The 
technique assumes t h a t  individual  p l a n t  
spec ies  o r  groups possess  s t a b l e  r a t i o s ,  
t h a t  t hese  r a t i o s  a r e  re ta ined  i n  carbon 
flows, and t h a t  t he  i so tope  r a t i o s  of 
animals a r e  a func t ion  of  t h e i r  diet. 
While the procedure w i l l  not identify the 
specific food-web importance of a seagrass 
species ,  it i s  use fu l  i n  analyzing t h e  
food-web importance of seagrasses  a s  a 
group (Fry e t  a l .  1982). 

Much research is needed on eelgrass food- 
w e b  r e l a t i o n s h i p s  i n  t h e  P a c i f i c  
Northwest. The best work done to  data on 
a descriptive basis is that  of Simenstad 
e t  a l .  (1979; Figure 20) and a diagram 
prepared f o r  an  Army Corps of Engineers 
r epo r t  (ACOE 197713; Figure 21). There i s  
a need for  quantification of work of this 
s o r t ,  a s  we l l  a s  quant ifying t h e  energy 
f l o w s  th rough  t h e  v a r i o u s  t r o p h i c  
compartments  and t h e  amount o f  l e a f  
ma te r i a l  and d e t r i t u s  exported from t h e  
eelgrass system in  the Pacific Northwest. 
Figure 22 diagrams t h e  p r inc ipa l  energy 
pathways i n  a typical eelgrass meadow i n  
the Pacific Northwest. 
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Export  o f  whole 
b y  waterfowl 

Figure 22. Principal energy pathways i n  an eelgrass meadow (adapted f r o m  Zieman 1982). 



CHAPTER 5 

INTERACTION WITH ADJACENT SYSTEMS 

There is very L i t t l e  known about the 
quanti tat ive aspects  o f t h e  transport of 
living and/or dead eelyrass material, IX)M 

(dissolved organic matter), and detritus. 
For that  reason, the discussion in t h i s  
chapter is general. 

Anyone who h a s  walked beaches where 
seagrasses occur offshore has observed 
detached leaves and perhaps whole plants 
washed ashore, occasionally i n  l a rge  
windrows. I n  October 1975, I observed 
great p i les  of  eelyrass leaves up t o  1 rn 
( 3  f t )  deep on the beaches and covering 
the in t e r t i da l  zone as far  as the eye 
could see in Izembek Lagaon, Alaska. The 
presence of a deep compacted layer of 
eelgrass peat on the beach attested t o  
this occurring annually. In May 1976, the 
Leaf matter over the inter t idal  zone had 

decayed completely, leaving a 15-cm (6- 
inches) layer of sof t  jel ly-l ike ooze. 
Barsdate e t  a l .  (1974) s ta ted t h a t  t h e  
bre&down prcducts of eelgrass in Izembek 
Lagoon supportedthe en t i r e  f i sher ies  of 
the southern Bering Sea, implying a ne t  
t ranspor t  of ee lgrass  decomposition 
products i n t o  t he  ad jo in ing  pe l ag ic  
system. 

I t  i s  unlikely tha t  much eelgrass i n  the 
Pac i f i c  Northwest becomes dislodged 
through herbivore activity. Waterfowl eat 
the leaves they detach. In isolated 
locations sand dol lars  (Dendraster sp.) 
wedge into intertidal and shallow subtidal 
meadows and uproot considerable plant 
material (Figure 2 3 ) .  Exclusion cages 
have shown that eelgrass may recover from 
t h i s  perturbation. I t  is  possible tha t  

Figure 23. Sand dollars ee end raster sp.) digging up eelgrass in Puget Sound. 



storms erode and d is lodge  some eelgrass ,  
but most is very p e r s i s t e n t  ( ~ i g u r e  2). 
Gallagher e t  a l .  ( I n  prep.), however, 
found t h a t  ~ e r i o d i c  s torms do  dislodge a 
l a rge  amount o f  e e l y r a s s  i n  winter  and 
summer and d e p o s i t  t h e  m a t e r i a l  i n  
ad jacent  marshes i n  Netar t s  Bay, Oregon. 
The ee lg ra s s  l i t t e r  cons t i tu ted  between 
14% and 35% of t h e  dead mater ia l  i n  t he  
marshes. Their  conclusion is t h a t  i n  
e s t u a r i e s  where s e a g r a s s  beds ad  j o i n  
marshes, t h e  t rapping of ee lgrass  l i t t e r  
i n  t h e  marsh provides a mechanism f o r  
r e t a in ing  and recycl ing nutrients within 
the wetlands and preventing the i r  loss  to 
the oceanic system. These nu t r i en t s  )nay 
be passed back and f o r t h  between the  
ee lg ra s s  and marsh systems. Also, i n  
Netar ts  Bay, Kentula (1983) calculated a 
t o t a l  annual l e a f  l o s s  which varied from 
25 t o  111 g dry  w t / m 2 .  While the  below- 
ground biomass was re ta ined  within t h e  
meadow, she  observed t h a t  some of  t h e  
;Iboveground biomass was carried shoreward 
and trapped by the s a l t  marsh and some was 
t ranspor ted  o u t  of t he  estuary. The 
presence of  ee lg ra s s  mater ia l  i n  cores  
taken i n  Oregon s a l t  marsh sediments 
implied t h e  n e t  t r anspor t  of ee lg ra s s  
( J e f f e r son  1975). 

Probably  no rma l  Leaf de fo l i a t i on  and 
replacement i s  t h e  source o f  most of t h e  
detached l e a f  ma te r i a l  observed in  t h e  
Pacific Northwest. Short (1975) estimated 
t h a t  ee lg ra s s  exper ienceda70% seasonal 
d e f o l i a t i o n  r a t e .  Proctor e t  a l .  (1980b) 
used. t h i s  number and based on standing- 
crop estynates from Phill ips (1974; 580 g 
dry wt/m , 260 tons/acre) and others, t o  
c a l c u l a t e  t h a t  ee lg ra s s  meadows i n  t h e  
P a c i f i c  Northwest produce annually about 
30,000 kg (66,0(110 tons ,  d ry  matter)  o f  
eelgrass leaf material, of which 20,909 kg 
(46,000 tons)  d r y  weight i s  de fo l i a t ed  
annual ly t o  become d e t r i t u s :  8,400 h a  
(21,000 acres) of ee lgrass  i n  Washington; 
2,000 ha (5,BBB ac re s )  i n  Oregon; and 
1,600 h a  (4,000 a c r e s )  i n  n o r t h e r n  
California. 

The only record of eelgrass  blades i n  the  
deep sea was made by Pearcy and Ambler 
( 1 9 7 4 )  who found t h e  m a t e r i a l  as 
a c c i d e n t a l  c o n t e n t s  i n  the a b y s s a l  
ra t ta i l ,  Coqphaenoides armatus. - 
In the Carribbean, t rop ica l  seagrasses are 
expor t ed  and found a t  g r e a t  d e p t h s  
(reviewed by Zieman 1982). A t  St. Croix, 
U.S. V i rg in  i s l a n d s ,  60%-1B0% o f  t h e  
Syringcdium f i l ifonne daily production was 
detached and exported, whereas only 1% of 
the Thalassia production was exported by 
bedload t ransport  (Zieman e t  a l .  1979). 
Leaves and rhizome p i e c e s  of ~ h a l a s s i a  
were co l lec ted  i n  3,160 m (10,368 f t )  o f  
water o f f  North Carol ina (Menzies e t  dl. 

1967); a t  3,580 m (11,484 f t )  deep o f f  t h e  
Virgin Islands (Raper and Brundage 1972); 
and from 1,326-8,339 rn (4,376-27,489 f t )  
deep  i n  t h e  Pue r to  Rican  and Cayman 
trenches (Wolff 1988). Wolff repor ted  
consumption of t h e  l e a f  and r h i z o m e  
material by numerous invertebrates. 

Final ly ,  t he  important  mechanis~n t h a t  
leads t o  d e t r i t u s  product ion and e i t h e r  
entrapment o r  export from the  seag ras s  
s y s t e m  i s  t h e  d e c o m p o s i t i o n  a n d  
inineralization of t h e  Leaf mater ia l  t h a t  
becomes detached f ro rn  the  plants .  Only 
two f i e l d  s tud le s  have been conducted on 
seagrass leaf  decay r a t e s  ( l i t t e r  bay 
analyses): one on Thalassia (~iemdn 1968) 
,md om on eelgrass (Burkholder and Dofwny 
1968). Two studies w e r e  conducted i n  the 
laboratory ( ~ a r r i s o n  and Mann 1975a; 
W s h a l k  and Wetzel 1978). Zieman ( L % 8 )  
observedtha t  Thalasei* leaves i n  l i t t e r  
bags  anchored i n  a r e a s  s u b j e c t  t o  
alternating perids of  drying and wetting 
l o s t  weight th ree  t i m e s  as f a s t  a s  t hose  
incubated  i n  t a n k s  where t h e y  were  
constantly w e t .  Predried ~ h a l  a s s  i a  leaves 
nlaced i n  tanks l o s t  weiqht f i v e  t i rnes  
;aster than leaves not  predried. Drying 
is considered t o  d e s t r o y  the c e l l u l a r  
i n t e g r i t y  more rap id ly  and a l l o w  a more 
rapid microbial attack. Zieman also found 
a 50% weight l o s s  of  l eaves  a f t e r  5 w k  of  
i ncuba t ion  i n  t a n k s  o f  c i r c u l a t i n q  

~n ~ ~ ~ t h  Carolina,  mayer et  a l .  (1979) seawater. Only an a d d i t i o ~ l  10% loss  was 

reported that up to 25% of the production Observd the next wk* 
in- open water-beds is exported to  t h e  
adjacent estuary, while i n  embayment-type I n  New York Burkholder  and Doheny 
beds over 90% of the production decays i n  (1968) placed f resh  ee ly ra s s  l eaves  i n  
t h e  bed o r  i s  washed up onto ad jacent  l i t t e r  bags in two locations. A t  one s i t e  
beaches and marshes. only 23% of t he  material remained a f t e r  56 



days; a t  the other site, only 10% remained 
after 51 days (based on dry weight). 

I n  the  laboratory Harrison and Mann 
(1975a) found t h a t  dead eelgrass leaves 
lost 35% of the original dry weight in 100 
days a t  20O C. Whole leaves los t  0.5% of 
the organic content per day; particles 
smaller than 1 mn lost l%/day. Since most 
leaves of Thalassia and Zostera remain 
attached t o  the plant  during senescence 
and death (McRoy 1966; Zieman 1968; 
Harrison and Mann 1975a), t he  da ta  
indicate that  the loss of organic matter 
from attached leaves is slow during the 
remainder of processing. Godshalk and 
Wetzel (1978) described three phases i n  
ee lgrass  l ea f  decomposition based on 
changes in decay rates i n  time: (1) 
increasing weight loss from leaching and 
production of DOM; i.e., i n i t i a l  leaching 
and maximum weight loss/unit time (may 
last  from a few minutes to  several days); 

(2) decay rates decreased; during phase 2, 
the microbial f lora  on the decomposing 
leaves enriched the material w i t h  ATP and 
nitrogen (may occur in a few days to  a few 
months); (3) rate of breakdown of residual 
refractory material closely approaches 
zero, but can be accelerated by changes in 
p h y s i c a l  c o n d i t i o n s  o r  n u t r i e n t  
replenishment t o  stimulate microbial 
growth (may l a s t  from several months t o  
several years). 

Thus, the mechanisms tha t  give r i s e  t o  
detached plants and t o  leaf decay and 
de t r i tus  a re  apparent. What are  lacking 
are  the  studies tha t  define seasonality 
and ab-ance of the fractions of eelgrass 
material (DOM, particulate matter, whole 
leaves) which a re  retained within the 
system and a re  exported t o  adjacent  
systems, and their contributions to  these 
adjacent systems. 



CHAPTER 6 

HUMAN IMPACTS-MANAGEMENT CONSIDERATIONS 

W i t h  t h e  i n c r e a s i n g  r e s i d e n t i a l ,  
r e c r e a t i o n a l ,  and commercial development 
o f  t h e  s h o r e l i n e s  o f  the n a t i o n  and the 
P a c i f i c  Northwest ,  it i s  i n e v i t a b l e  that 
pressure on the shallow water resources o f  
t h e  a r e a  h a v e  a l s o  i n c r e a s e d .  I n  
comparison t o  t h e  high-density development 
i n  s o u t h e r n  C a l i f o r n i a ,  t h e  Gul f  o f  
Mexico, and i n  the n o r t h e a s t e r n  Uni ted 
S t a t e s ,  t h a t  i n  the P a c i f i c  Northwest 
could be termed minimal. Yet demands and 
impacts  have  been made, and t h e y  a r e  
increasing. Logging has  been an important 
f e a t u r e  o f  the economy s i n c e  the e a r l y  
19G?B1s. I n  c e r t a i n  areas o f  h e a v y  
r a i n f a l l  and where c learcut t ing of upland 
t i m b e r  has occur red ,  s i l t a t i o n  h a s  a l s o  
occurred. Stout  (1976) noted t h e  e f f e c t s  
o f  s i l t a t i o n  i n  Netarts Bay, Oregon, 
c o i n c i d e n t  w i t h  h i s t o r i c  logging and 
burning o f  t i m b e r  i n  t h e  watershed,  b u t  
s t a t e d  th i s  has i n t e n s i f i e d  s i n c e  t h e  
1940's when c lea rcu t t ing  and roadbuilding 
were  i n i t i a t e d .  P r o c t o r  e t  al .  (1980b) 
have documented the extensive maintenance 
d r e d g i n g  n e e d e d  t o  main ta in  sh ipp ing  
c h a n n e l s  i n  s e v e r a l  a r e a s  and  t h e  
suspended s i l ts  a r i s i n g  from wood c h i p s  
and sawdust i n  Yaquina Bay. 

The extensive land cu l t iva t ion  needed £or 
a g r i c u l t u r e  can  l e a d  t o  s i l t a t i o n  i n  
es tuar ine  areas, wi th  an increase in water 
t u r b i d i t y  t h a t  leads  t o  decreased eelgrass 
growth (Thayer et  al. 1975a). The r o l e  of 
solar rad ia t ion  passing through the water 
column, which c o n t r o l s  the  productivity, 
density, depth l i m i t ,  and even presence of 
ee lgrass  i n  an area, and thus t h e  presence 
and richness o f  the ecosystem i t s e l f  were 
discussed earlier i n  this report. 

The increasing human use o f  northern Puget 
Sound i s  having a d r a s t i c  impact  on  t h e  

b lack  b r a n t p r e s e n c e  i n  P a d i l l a  Bay and 
other local  bays ( ~ e i g e r  1982). s t a t e  and 
Federa l  agenc ies  c o n t i n u e  to r e c e i v e  a n  
i n c r e a s i n g  number o f  appl icat ions  i n  the 
nor the rn  sound a r e a ,  p a r t i c u l a r l y  f o r  
m a r i n a  d e v e l o p m e n t .  One observes  an  
increasing shoreline development of homes 
and even condominiums in some areas. 

Continued maintenance o f  sh ipp ing  l a n e s  
and logging is presumed necessary f o r  the 
economic l i f e  of  t h e  P a c i f i c  Northwest. 
I t  is hoped t h a t  th is  report w i l l  aid i n  
t h e  f o r m u l a t i o n  o f  p o l i c y  t h a t  w i l l  
accommodate  t h o s e  a c t i v i t i e s  w h i l e  
p rese rv ing  and p r o t e c t i n g  the water and 
h a b i t a t  q u a l i t i e s  o f  t h e  e e l g r a s s  
resources. 

C o n s i d e r i n g  t h e  c o a s t a l  s e d i m e n t  
s t a b i l i z a t i o n  f u n c t i o n ,  t h e  n u t r i e n t  
exports which enhance oceanic procluckion, 
and the value of e e l g r a s s  t o  recreat ional  
a n d  c o m m e r c i a l  f i s h e r i e s ,  i t  i s  
worthwhile--even imperative--to c o n s i d e r  
preserving the  resource. 

6.1 DREDGING AND F I U W  

Of a l l  the p o s s i b l e  impacts ,  dredging 
poses the grea tes t  t h r e a t  t o  t h e  seagrass 
ecosystem (Thayer e t  a l .  1975a; Zieman 
1975; P h i l l i p s  1978). N o t  o n l y  a r e  t h e  
p l a n t s  removed, b u t  the e n t i r e  phys ica l ,  
biological ,  and chemical s t ruc tu re  o f  the 
ecosystem is changed. The e x t e n t  o f  t h e  
a r e a  a f f e c t e d  by the dredg ing  depends on 
t h e  t i d a l  range, c u r r e n t  s t r e n g t h ,  and 
sediment texture  i n  the area. 

Sediments r a i s e d  b y  d redg ing  can  bury  
p l a n t s  away f r o m  the s i t e .  More 
importantly, sediments d r a s t i c a l l y  reduce 



plant density as a r e su l t  of t h e i r  e f f ec t  
on w a t e r  c l a r i t y .  The r e d u c t i o n  i n  
s e a g r a s s  d e n s i t y  c o u l d  r e s u l t  i n  an  
increased silt load, due to  a reduction in  
sediment trapping, and increased  eros ion  
of bottom sediments. Where turbid water 
prevails, eelgrass populations a r e  l i m i t e d  
t o  less t h a n  1-3 m (3-10 f t )  d e e p  
(Burkholder and Doheny 1968; Thayer e t  al. 
1975a). Eelgrass  has  been observed down 
t o  3EI m (98 f t )  where t h e  w a t e r  is  c l e a r  
(Cottarn and Munro 1954).  Dredging 
reverses  t h e  normal redox p o t e n t i a l  (h%) 
o f  t he  sediments of  a s eag ras s  system, 
which reverses  t h e  e n t i r e  nu t r ien t -£  low 
mechanics of the ecosystem. 

Hydraulic clam dredges have been used i n  
Puget Sound. The dredge b l a s t s  sediment 
t o  a depth  of  45 c m  (18 inches)  and a 
wid th  o f  1 m ( 3  f t ) .  S i n c e  e e l g r a s s  
rhizome mats a r e  loca ted  a t  a maximum 
depth o f  15 c m  (6 inches) ,  t h i s  a c t i v i t y  
removes the  e n t i r e  ecosystem. The S t a t e  
of Washington requi res  leaving s t r i p s  of 
ee lg ra s s  between the dredged s t r i p s .  In  
one location, however, I dbse rvd  that a l l  
t h e  e e l g r a s s  had been removed. Several  
years  ago, t h e  use of  t h e s e  dredges was 
banned i n  Florida and i n  t h e  Chesapeake 
Ray a f t e r  it was determined t h a t  they  
d i rec t ly  removed the  seagrasses o r  led  t o  
the i r  removal by erosion. 

I n  North Carolina, bay s c a l l o p  l a rvae  
attach d i rec t ly  t o  eelgrass blades (Thayer 
and S t u a r t  1974). Commercial f isherlnen 
use hand rakes and bar  dredges t o  ga ther  
the scallops. The bar  dredges denude the 
bottom of ee lg ra s s  over  l a r g e  a reas ,  
s t i r r i n g  up s e d i m e n t s  and  p romot ing  
sedilnent oxidation so that recolonization 
of  ee lg ra s s  and thus  t h a t  o f  t h e  bay 
sca l lops  was impeded. I n  t h e  Niant ic  
River, Connecticut, t h e  e e l g r a s s  i s  too  
dense for  the settlement of bay scallops. 
When t h e  ee lgrass  disappeared i n  t h e  
193EI8s, allowing be t te r  wave circulation, 
t h e  bay s c a l l o p  f lour i shed ,  a t t a c h i n g  t o  
s m a l l  algae (Marshall 1947). e 

l ogg ing ,  rnalntendnce drecxylng, and 
a g r i c u l t u r a l  lr~lpacts on water qual l ty  i n  
t h i s  s e c t ~ o n ) ,  whi le  bloinass ciecllned by 
9 6 h f t e r  t t t ree ciredglngs. The mean 
percentage reduct ion of stloot density 
rtlnged frotn 3 3 m n  beds ~ i t h  no dredging 
t o  719 on beas t h a t  were dredged tn ree  
t imes.  'i'hr g r e a t e s t  reductiori  occurred 
a f t e r  t he  first dredglriy operiitlori. In  
some cases, the  eelgrass td~ lea  t o  rccwver 
following dredging. 

Proctor  e t  a l ,  (19dab) documenteu the 
var ious  s t u d i e s  done I n  estuaries of  t h e  
P d c i f i c  Northwest where dredging has 
occur red .  I n  Oregon, a nutriber of  
l a n d f i l l s  have r e su l t ed  i n  tile l o s s  of  
eelgrass habit& ei ther  by ciirect dredyiny 
or by seuiment deposi t ion.  Par lphera l  
erosion around the larr i f i l l  and diking t o  
protect the l a ~ l f i l l  Itdvi. a l so  r e u l t d  i n  
loss of eelcjrass i n  sorne areas.  'i'hey 
s t a t e d  t h a t  k i i l l a p a  Uay r e q u i r e d  
raa in tenance  d redg ing  of 23rr,dkJU m 3 

(33d,dlc)cd yd3) per year up t o  1977, wlien 
the  Ariily Corps of Engineers decided t o  
discontinue it. Yaquina estuary, Orqon ,  
contained a b u t  5% of its sediments in  the 
form of wood chips,  sawdust, and p l a n t  
material. 'l'hese ntateridls a r e  s ignif icant  
f r a c t i o n s  i n  e s t u a r i e s  where wood 
processing i n d u s t r i e s  d r e  located.  Coos 
Bay, i n  s o u t h e r n  Oregon, i s  h e a v i l y  
impdcted by i n d u s t r i a l i z a t i o n ,  logy ing, 
and shipping. klumboldt Bay is heav i ly  
sedii~ieritect. The high t i d e  area decreas Y from l U t 3  km2 (3.3 m i 2 )  t o  67 km2 (2b m i  
i n  t h e  l a s t  12kJ years. This  decrease is 
related to hunan ac t iv i ty  i n  the area, i n  
particular,  agriculture and logging. 

Eclgrdss  seems relatively r e s i s t a n t  t o  
substances tha t  can polson other forms of 
nar lne l i f e  ( ~ l c ~ o y  and  elf f e r i c h  198ld). 
It appears t o  concentrate metals without 
damage ( t3arsda te  and Neber t  1971; 
Brinkhuis e t  a l .  19dd), but  Zlclnan (1975) 
pos tu la ted  t h a t  t h i s  nakes t h e  meta ls  
dvailable for movemmt up the food chain. 

Waddell 11964) documented the impacts of 6 .  OIL FND ORI;ANIC CHEMICALS 
harvesting oysters from s e l g r a s s  beds i n  
Humboldt Bay by I-~ydraul ic  dredges and a Several studies made on eelgrass following 
modifled draglrrle-typ dredge. uarvestiny oil  s p i l l s  llave shown only  temporary 
procedures had severe l l npc t s  on eelgrass. damage t o  b lades  I£ t he  o i l  c o n t a c t s  t h e  
Under corrditions of no dredyiny, eelgrass blades i n  a l r  ( ~ a l b y  1968). I f  t h e  l e a f  
biomass declined 38% {cf. d i scuss ion  on remains covered wi th  water,  t h e r e  is no 



apparent darnazje. IUllzomes and roots do 
not appear to be uai.ldj~4 in any case. The 
best docu~nei~ted case s tudy  i s  that of den 
Hartoq drld Jdc~bs (19od) a£ ter the tanker 
~lnocd Cadiz was stranded on thz i3rlttany 
coast, krdr~ce, uls~hdrqlng L~u,wC)W tuns 
(13u1363,G30 kg) ok crude u i l  and 4,dW 
tons l~ ,o36,3oJ  kg) of bunker fuel. The 
eelgrass  re,naitled a l r ~ ~ o s t  unaffected. 
,*ilmal yroups were selectively d f  fectzd: 
gastropods dere not ~ f t e c t e d ,  and 
eclllnocierms r ecovererl. i'lle ~uphlpods, 
~sopods, and plychaetcs  were seriously 
dan~acjed and had not recovered durlng the 
year followirq the spill. 

T h e  most s e n s i t i v e  a reas  containing 
eelgrass nlay be i n  stleltered locations 
elat are poorly flusllecl (Beak Consu l t a l t s  
1975). These areas w i l l  tend to  retain 
o i l  for Long periods. If spi  11s occur i n  
late sulntner or winter when leaf sloughing 
is a t  a peak, mats of i i r l f t  blades w i l l  
tend to cdpture and retain o i l  for la te r  
rernobllizdtiori i n  the inter t idal  zone. 
'l'he authors also warn that oiling of 
blades may make them unpalatable to  
mtural grazers such as waterfowl. I t  i s  
also psslble  that a spil l  111 spring could 
interrupt the production and/or viability 
of young flowers and pollen. Kesearcli 
should be done on the effects of oil o n  
the bac te r i a l  urcomposition of dead 
eelyrass blades into detr l tus  before it 
enters the food web. I t  is kmwn that the 
eelgrass habitat car1 retain and release 
o i l  slowly over long prlods, resulting i t 1  

dlronic contamination. 

Ueak Consultants (1975) documented the 
possible impacts of  an o i l  s p i l l  i n  
northern Puget Sound for a number of 
&imals that use the eelgrass system. For 
the waterfowl arld stloreblrds, the loss of 
food or consumption of tainteci fwd, are 
the greatest impacts. For the fishes the 
g r e a t e s t  impacts a r e  t o  the bottom 
dwellers; i.e., narcotization followed by 
suffocation or increased predation by the 
less  sensitive crabs. Flatfishes may 
develop tumors on the i r  ventral surfaces 
in  contact with polluted sediments. For 
the shoreline and open-water fishes, the 
movement away from the eelgrass meadow 
increases the chance of predation and the 
loss of food. Crabs appear t o  be highly 
r e s i s t a n t  t o  o i l ,  but the smaller 
crustaceans are more severely and qulckly 

affected. Mollusks appear to be entirely 
unaffected by o i l  ~ o ~ t a ~ n i n a t i o n  of low 
aromatic content, but h i g h l y  aromatic 
crudes and refined products  can cause 
paralysis and death. q?he s a m e  was found 
for anne 1 ids . 
On a ranking for physical impact, the 
eelgrass bed was second only t o  the s a l t  
marsh: for toxicity impact the eelgrass 
bed was midway between t h e  mixed-coarse 
habitat and open water h a b i t a t  ( ~ e a k  
Consultants 1975). 

O i l  spill& on the surfgrass, Phyl los~dix 
scouleri, in the pac i f ic  Northwest had 
similar effects. L i t t l e  damage was. done 
to  the plants (leaves t u r n e d  brown, but 
were replaced; no damage t o  rhizomes and 
roots) ,  but some yroups o f  animals 
received long-term damage (Foster et al. 
1971; Clark e t  al. 1978). 

Documentation of oiL sp i l l s  on the 
t rop ica l  seagrass T h a l a s s i a  i s  more 
extensive (cf. Zieman 1982 for a thorough 
review). The results are approximately 
the same; the plants a re  l i t t l e  affected 
by the o i l ,  but associated fauna can be 
severely damaged. The moat severe effect 
was noted when o i l  w a s  s p i l l e d  on 
Thalassia near Guanica, Pue r to  Rico. I n  
less than 1 wk, 3,0@0 m3 o f  sand washed 
out, owing t o  the mixing o f  the  o i l  with 
the sediments, making them buoyant and 
easier to  wash out. Mass mor ta l i t i e s  of 
animals occurred following the spill. 

Zieman (1982) thoroughly reviewed the 
research done on the t o x i c i t y  levels of 
crude oi l  and the refined fractions. M l  
work shows that refined bunker C and No. 2 
fuel o i l  were more toxic  t o  a l l  animal 
forms than crude o i l s .  Changes i n  
temperature and s a l i n i t y  enhanced the 
toxic effects. The g r e a t e s t  danger t o  
aquat ic  organisms a p p e a r s  t o  be the 
aromatic hydrocarbons as Opposed t o  the 
paraffins or alkanes. The bicycl ic  and 
po lycyc l i c  a r o m a t i c s ,  e s p e c i a l l y  
napthalene, are the major source of the 
observed mortalities. The best indicator 
of an o i l ' s  t ox ic i ty  i a  probably i t s  
aromatic hydrocarbon content. 

In recent years humans have  dumped 
increasing amounts of heavy metals and 
synthetic products, including chlorinated 



hydrocarbons and o t h e r  he rb i c ides ,  i n t o  
ou r  shal low c o a s t a l  zone. Additions of 
toxic materials are known to af fec t  animal 
communities (Thayer e t  al. 1975a), bu t  
l i t t l e  has  been done to document t h e i r  
d i r e c t  e f f ec t  on eelgrass .  More research 
is needed, only on the bioaccwnulation 
o f  meta ls  and t o x i c  chemica l s  by the  
p l a n t s  but  a l s o  t h e i r  accumulation and 
possible t ransfer  thruugh the  grazing and 
de t r i tus  food chains and nutr ient  cycles. 

In  an attempt t o  decimate eelgrass in Nova 
Sco t i a  t o  enhance o y s t e r  growth, Thomas 
( 1 9 6 8 )  f o u n d  t h a t  t h e  h e r b i c i d e ,  
butoxyethanol e s t e r  o f  2, 4-Dl was most 
effective i n  k i l l i ng  the plants. This was 
a p p l i e d  t o  t h e  p l a n t s  i n  t h e  f i e l d .  
Cor re l l  and Wu (1982) found t h a t  the 
herbicide atrazine, commonly used i n  corn 
production, s t imulated photosynthes is  a t  
75 ug/li ter in eelgrass,  but inhibited it 
a t  650 ug / l i t e r .  T h i s  herb ic ide  was 
t e s t e d  following a g r a d u a l  dec l ine  i n  
populat ions of many spec ies  of  submerged 
v a s c u l a r  p l a n t s  i n  t h e  u p p e r  and 
midreaches of Chesapeake Bay. They noted 
tha t  the temporal and s p a t i a l  use pattern 
of atrazine arourul the  bay correlated well 
with the observed dec l ine  i n  the  estuarine 
p l a n t  populations.  I t  i s  c l e a r  t h a t  
herb ic ides  can be ext reme1 y damaging. 
Runoff  f ro in  w a t e r w a y s  t h a t  d r a i n  
a g r i c u l t u r a l  a r e a s  can  seve re ly  damage 
eelgrass systems by sd i rnen t  transport and 
by herb ic ide  c o n t e n t s .  These w a t e r s  
should be monitored f o r  these chemicals. 

6.4 RQAT USE 

Impacts t o  eelgrass meadows in  the Pacific 
Northwest do  not no rma l ly  r e s u l t  from 
physical  d i s turbance  involving cuts made 
by boat  propel lors .  I n  south  Florida, 
Zieman (1982) s t a t e d  t h a t  these c u t s  are 
t h e  most common form o f  d is turbance  t o  
seagrass beds. 

The numbers o f  b lack  b r a n t  a r e  decl ining 
i n  t he  Pac i f i c  Northwest,  owing t o  an 
increase  i n  human u s e  and development of 
t h e  coas t a l  a r e a  (Reiger  1982). Between 
t h e  1940's and 1981 b r a n t  stopping i n  
Washington declined by 74%; in Oregon, by 
90%; and i n  Ca l i fo rn i a ,  numbers decl ined 
by almost 99%. Reiyer a t t r i b u t e d  t h i s  to 
t h e  draining of coastal marshes, t h e  

conversion of bays to  marinas, and the  
impact of an increasing number of weekend 
b ters ,  who have driven wintering brant 
t o  Mexico where populat ions have grown 
from 80,000 in  t h e  ear ly  1950's t o  as many 
a s  130,000 tcday. 

Even i f  t h e s e  n u m b e r s  a r e  o n l y  
approximately correct  o r  merely ind ica t e  
trends, an aggressive program is needed to 
c r e a t e  pro tec ted  zones around t h e  la rge  
eelgrass beds which harbor the brant. 

6.5 TEMPERATWE AND SALINITY 

Temperature is probably the most c r i t i c a l  
of t h e  s u i t e  o f  environmental f a c t o r s  
t h a t  a f f e c t  m a r i n e  l i f e .  ~t is  a 
c o n t r o l l i n g  f a c t o r .  I n  t h e  c a s e  o f  
s e a g r a s s e s ,  i t  a f f e c t s  g r o w t h ,  
development, and phenol- i c a l  cycles .  
McMillan (1978) and P h i l l i p s  e t  a l .  
(1983a) regorted t h a t  eelgrass populations 
have upper and lower thermal  to le rance  
l eve l s  and t h a t  temperature regimes a t  
l o c a l  s i tes a l o n g  b road  l a t i t u d i n a l  
grad ien ts  on both c o a s t l i n e s  of  North 
America control the occurrence and timing 
of flower and seed production. 

McMillan (1978) subjected three different  
ee lgrass  populat ions from Puget Sound, 
each with d i f fe ren t  leaf  widths, t o  three 
different temperature treatments. After 4 
mo, each  p o p u l a t i o n  m a i n t a i n e d  i t s  
original leaf  width, indicating t h a t  local 
populations maintained d i s t i n c t  gene t i c  
l i m i t s  o f  e c o p l a s t i c i t y  t o  t h e i r  
environments, These tolerance levels vary 
w i t h  the  l o c a l  area.  Biebl  and McRoy 
(1971) not only found a d i f f e r e n c e  i n  t h e  
thermal tolerances of in te r t ida l  pool and 
sub t ida l  e e l g r a s s  i n  I zembek Lagoon, 
Alaska, b u t  a l s o  found t h a t  both forms 
could  w i t h s t a n d  a r a n g e  o f  w a t e r  
temperatures from -6O C t o  27O C, while 
p l an t s  from Puget Sound and Ca l i fo rn i a  
were k i l l e d  a t  -6O C. McMillan and 
P h i l l i p s  (1979) found t h a t  e e l g r a s s  i n  
Alaska had more h e a t  r e s i s t a n c e  than 
p l a n t s  from Puget Sound o r  Ca l i fo rn i a ,  
owing t o  t h e  s e l e c t i v e  inf luence  of a 
g r e a t e r  environmental  v a r i a b i l i t y  i n  
Alaska. 

I n  t h e  Bering Sea and along t h e  A t l a n t i c  
coast of North m-erica, there is a f a i r l y  



great annual range of water temperature 
(-6' C t o  27' C i n  Izembek riagoon; Nova 
Scot ia :  -2O C t o  2 4 O  C; Rhode Is land:  
-2' C t o  27' C; North Carolina: 0' C t o  
27O C) m hilli ips unpubl. da ta ) .  There is 
evidence t h a t  eelgrass a t  the northern and 
southern l i m i t s  o f  d i s t r i b u t i o n  on the  
P a c i f i c  c o a s t  and on t h e  At l an t i c  coas t  
may have much greater thermal tolerances 
than t ha t  i n  the midportion of the Pacific 
coas t  range ( P h i l l i p s  e t  a l .  1983b). I n  
Puget Sound, t h e  normal annual range o f  
w a t e r  t e m p e r a t u r e  is 6O C t o  13O C. 
Occasionally,  during l o w  t i d e s  on sunny 
days in summer, there may be brief periods 
o f  e l e v a t e d  w a t e r  t e m p e r a t u r e s  o v e r  
ee lg ra s s  (up  t o  1 8 O  C) ,  bu t  t h i s  is  rare .  

I n  1974, Phi l l ips  warned tha t  heated water 
re leased  i n t o  e e l g r a s s  h a b i t a t s  could 
disrupt the reprduct ive  cycle, presumably 
i n t e r f e r i n g  wi th  the  normal temperature- 
dependent p e r i o d i c i t y  o f  flowering and 
germination. Considering t h e  p re sen t  
con t r ibu t ions  o f  McMillan (1978) and 
McMillan and Phi l l ips  (1979), we now know 
t h a t  the  developmental cycle of eelgrass, 
a s  we l l  as i t s  presence i n  a n  a rea ,  is  
temperature re la ted .  Populations o f  t h e  
p l a n t  have  s p e c i f i c  thermal adapt ive  
l i m i t s .  The P a c i f i c  Northwest does not  
have a s i g n i f i c a n t  problem wi th  thermal  
w a t e r  r e l e a s e  from power p l a n t s  or 
industry. We know from work done i n  
Biscayne Bay on Thalassia  (reviewed by 
Zieman 1982) t ha t  plants  were k i l led  when 
t h e  water  temperature was elevated C 
above a m b i e n t  and  were  harmed b y  a n  
e leva t ion  o f  3O C. I f  t h e  Northwest 
should encounter such thermal releases, we 
must cons ider  t h e  impacts on ee lgrass .  
McRoy and He l f f e r i ch  (1980) noted t h e  
s u s c e p t i b i l i t y  o f  ee lg ra s s  i n  t h e  North 
At l an t i c  t o  a- very  s l i g h t  i nc rease  i n  
water temperature i n  1931. During t h a t  
per iod over 90% o f  a l l  e e lg ra s s  died. 
Recent evidence shows t h a t  these s t r a in s  
have a g r e a t e r  thermal  to le rance  range 
than do Pacific coast stocks. 

Considering i t s  worldwide d i s t r i b u t i o n ,  
e e l g r a s s  grows i n  a wide  r ange  of  
s a l i n i t y .  I t  is euryhaline. B i e b l  and 
McRoy (1971) reported t h a t  e e l g r a s s  i n  
Izembek Lagoon, Alaska, maintained an 
osmotic  r e s i s t e n c e  t o  s a l i n i t y  changes 
from f reshwater  t o  93 ppt. A t  124 pp t  
l e a v e s  w e r e  k i l l e d .  P o s i t i v e  n e t  

production was maximum a t  31 ppt, as was 
photosynthetic r a t e ,  b u t  was found i n  a 
r a n g e  f r o m  f r e s h w a t e r  t o  56  p p t  
( p h o t o s y n t h e t i c  r a t e  w a s  z e r o  i n  
freshwater  and a t  62 ppt).  Respirat ion 
was depressed i n  freshwater  b u t  on ly  
s l i g h t l y  a f f ec t ed  from 31 p p t  t o  93 ppt. 
O s t e n f e l d  (1908) c o n s i d e r e d  t h a t  a 
s a l i n i t y  range f o r  e e l g r a s s  i n  Denmark 
from 10 p p t  t o  30 p p t  was optimum f o r  
growth. In  Japan, Arasaki (1950) reported 
t h a t  ee lgrass  growth was best from 23.5 
p p t  t o  31 ppt  b u t  poor a t  18.0 p p t  and 
stop@ below 9.1 ppt, although plants did 
not  die.  Tut in (1938) observed e e l g r a s s  
i n  a bay i n  England i n  42 ppt  w i t h  no 
damage. He grew plants for a considerable 
per iod i n  the  labora tory  i n  s a l i n i t i e s  
ranging from 10  ppt t o  40 ppt  without  
harm. I t  i s  known t h a t  ee lg ra s s  can 
acc l imate  t o  a changing s a l i n i t y  regime. 
Often extensive meadows grow o f f  t h e  
mouths of streams where the sa l in i ty  drops 
t o  freshwater l eve l  a t  low t ide .  The 
plants appear t o  flourish. Low s a l i n i t i e s  
appear t o  enhance seed germination i n  
spring (Tutin 1938; Arasaki 1950; Phi l l ips  
1972). 

6.6 MANAGENENI! NEEDS 

Wilson (1981) noted t h a t  i n  o rde r  to  
manage our coastal estuaries properly, w e  
need a be t te r  understanding of the  ecology 
of eelgrass, which requires knowledge of 
the causes of its distributional patterns. 
These pa t t e rns  a r e  a f f ec t ed  i n  t h e  s h o r t  
term by the  increasing demands by modern 
man o n  t h e  c o a s t a l  a n d  e s t u a r i n e  
environments. Sedimentation, dredging, 
storms, cur ren ts ,  sewage, power-plant 
e f f l u e n t s ,  a n d  f a c t o r s  s u c h  a s  
adapta t iona l  t o l e r ances  of the  p l a n t s  as 
regulated by their gene t i c  pa t t e rns ,  a l l  
a f fec t  these distributional patterns. 

Continued monitoring of our  e s t u a r i n e  
areas is necessary i f  we desire to  remain 
aware of  b io log ica l  and environmental 
changes. This  awareness is needed f o r  
i n t e l l i s en t  manaqement of t h i s  resource. 
S a r t i - n a  a l t e r n i f  l o r a  ( s a l t m a r s h  
cordsrass was introduced in to  Willapa Bay 9---T 
dur&g t h e  1940's o r  e a r l y  1950's: The 
spec ies  has  r a p i d l y  spread i n t o  upper 
in te r t ida l  and mudflat communities and is 
d i sp l ac ing  the m o r e  productive na t ive  



m a r s h  swecies a n d  t h e  s m a l l  Z o s t e r a  
japonica'; a  f a v o r i t e  food p l a n t  o f  b l a c k  
brant and other waterfowl. Cordcrrass was 
also in t roduced  i n t o  South ~ a d i l l a  Bay, 
where it also seems to  be spread ing  from 
rhizanes. The r e s u l t  of  continued growth 
o f  Spartina in the  Paci f ic  Northwest would 
r e s u l t  i n  lower ing wa te r fowl  c a r r y i n g  
capac i ty .  I n  its n a t i v e  h a b i t a t  i n  t h e  
northeastern Gulf o f  Mexico and northward 
from Florida to Massachusetts, the species 
d o e s  n o t  compete w i t h  s e a y r a s s e s  f o r  i ts  
n i c h e .  I n  i t s  n a t i v e  h a b i t a t  a l l  
seagrasses are subtidal. 

Monitoring of  vegetation such as cordgrass 
expansion,  changes i n  s t a n d i n g  s t o c k s  o f  
e e l g r a s s ,  impac t s  and d i s t u r b a n c e s  o f  

m a t e r i a l s  were  c a u s i n g  w a t e r  q u a l i t y  
p r o b l e m s  ( t h e  r a d i o n u c l i d e s  e n t e r e d  
Willapa Bay from the W f o r d  A t o m i c  Works 
where t h e y  t r a v e l e d  a l o n g  t h e  Columbia 
R i v e r  t o  t h e  p a c i f i c  Ocean and  i n t o  
Wills b y ,  390 m i l e s  away; ~ 3 2 ,  ~ n ~ ~ ,  
a d  C F  were predominant and were fowd 
i n  the o y s t e r s  and  r a z o r  c l a m s ) ;  ( 6 )  
sedimentation arose upstream from topsoil  
of f  farmland, from logging, and from road 
and highway construction. 

I t  is imperative that s tud ies  be continued 
i n  sanctuar ies  t o t a l l y  devoid  o f  impacts 
M yie ld  basel ine  data  that can be used a s  
c o n t r o l  i n f o r m a t i o n  o n  t h e  i n h e r e n t  
genetic, morphological, and physiological 
c a p a b i l i t i e s  o f  t h e  p l a n t s  and t h e i r  

e e l g r a s s ,  and cont inued e s c a l a t i o n  o f  system. 
human a c t i v i t y  over  t h e  dense s t a n d s  o f  
ee lgrass  i s  needed t o  e s t a b l i s h  improved Undesirable Ef fec t s  of Eelgrass 
means o f  assessing changes and l eg i s l a t ing  
p a l i c y  act necessa ry  i n  s e n s i t i v e  areas. T h e r e  a r e ,  a t  p r e s e n t ,  n o  known 
The use o f  the  bes t  agr icul tura l ,  lcqging, u n d e s i r a b l e  e f f e c t s  o f  e e l g r a s s  I n  the  
and roadbuilding pract ices  a r e  imperative I*~cI. t LC C~Orthwst r ~ q l u , ~ .  
i f  f u t u r e  impacts  a t e  to be minimized. 
Cmfl ic t i t lg  uses of  the  ee lgrass  habi ta t ,  
such  a s  o y s t e r  c u l t u r e ,  b o a t i n g  over  Cuniu;.rclal am ~ e r e i t t l o n a l  Fisher ies  
meadows, and r e a l - e s t a t e  development, 
which requires  dredging and later sewage iiel f ferrctl 3 3 x 3  t.\cIIUy (1~73) cd1culat.w t t  IC 
deposition, necd su i t ab le  management. 

I n  Wi l l apa  Bay, one o f  t h e  t h r e e  l a r g e s t  
s t a n d s  o f  e e l g r a e s  i n  t h e  P a c i f i c  
Northwest ,  s i x  a c t i v i t i e s  have impacted 
eelgrass  (Fieh a@ Wildlife Service 1970): 
( 1 )  d e s t r u c t i o n  o f  t i d e l a n d s  a n d  
marshlands  by f i l l i n g  and d i k i n g  have 
rec la imed  2,520 ha (6,300 a c r e s )  f o r  
industry and highways, and another 120 ha 
(31d0 a c r e s )  f o r  a g r i c u l t u r e ,  w h i l e  t h e  
P a c i f i c  S o i l  and W a t e r  C o n s e r v a t i o n  
D i s t r i c t  encouraged t h e  r e c l a i m i n g  of 
a n o t h e r  2,6416 h a  (6,600 a c r e s )  f o r  
p a s t u r e ,  hay, and s i l a g e  product ion;  ( 2 )  
d r a i n i n g  o f  f r e s h - w a t e r  m a r s h e s  a n d  
construction o f  lagoon housing ( there  were 

dol lar  values of varlouv comtx>nents of dn 
eelyrasb system. For ~ ross  CIICKJY vcllues, 
usmg t h e  tectrnlque o t  Gossel lnk e t  dl .  
( 1 ~  l r )  arid t h e  p r w u c t l v l t y  vd  i cres of 
e e l y r d s s  of McRoy a r ~ d  llclYllldn (13117), 
they calculdterl  t h a t  V. r  ha (1  d c ~ e )  of 
eelgrdss was worttt +4,2~57/ yr (Gossel ln'c et 
d l .  u s e d  t h e  r e a l  e s t a t e  u v a l r ~ d t l o n  
technrque of income cdpi t a  1 l z a t  ion: L = 
P ,  W ~ ~ C C J  V 1s tlte v a l u e  of  d p a r c e l  of 
land,  1t AS the annual r e t u r n  from lt, a t ~ d  
r  1s t h e  s t a r r d d r d  r d t e  o f  l i l t e x - e s t ,  
rtssurnlng 5 6 ). 'i'hc nutrltlorr generatmi by 
ari e e l y r a s s  Tncauuw I n  Puget bound for 
oyster c u l t u r e  u s 1 9  data f ron~ Iinar e t  al. 
(1951) w d s  w o r t h  j l j ,  I b U  per  u.4 trd (1 
acre)/yr. Eor f isher ies ,  the cdte jory  was 

f ea r s  f o r  oyster cu l tu re  and f i she r i es  due dlviJb4 l r i t o  ~usnmerc~dl, sprt, 41w sport 
to d e t e r i o r a t i n g  w a t e r  q u a l i t y ) :  ( 3 )  charters. kJor cwrnmrrcral flsirerle; W.4 h;l 
d redg ingac t ' v i t i e s :  i n 1 % 9 a l o n e 1  about (1 acre) of e e l y r a s s  h d s  a v a l u e  of 
630.OV10 yd' o f  d r e d g e d  spoi l  w e r e  $35/yr. tbr spor t  f l s h r r l e s  t ~ i e  value wds 
depsitd on diked and r&lairn& tidelands sZ&/ y r ,  w t ~ l l e  tor s p o r t  c h a r t e r s  t h e  
a n d  m a r s h l a n d s ;  (4 )  c o n s t r u c t i o n  o f  v a l u e  ~ d s  ~ b l  y r .  k'or w d t e r  f o w l ,  
bulkhead, pier, and shoreline f a c i l i t i e s ;  c€nlsldcriiy t n e  value ut' tne r n e ~ l t  as f d  
(5) con tamina t ion  o f  t h e  a q u a t i c  l i f e  or ad tile morley spent huntity, ttle vrilw of 
t h o  e n v i r o n m e n t :  d o m e s t i c  w a t e r s ,  0.4 tla (1 acre) was S l ~ / y r .  l ' n l s  y lvus  a 
a g r i c u l t u r a l  r u n o f f ,  d e b r i s  f rom l o g  value  of  $12,J25/U.4 tla ( a c r e ) / y r  f o r  an  
s torage areas, wood chips, and radioactive ce lgrsss  nieiluow (cf. t ielfferlch and McWy 



1978, f o r  a l l  assumptions ,  formulations, 
a n d  c o n s i d e r a t l o t l s  u s e d  i n  t h e  
calcula t ions)  . 
I f  t h e s e  c a l c u l a t i o n s  a r e  even  o n l y  
approxiruately correct ,  t h e  economic value 
o f  s e a g r a s s e s  1s enorlnous i n  t h e  P a c i f i c  
H o r t h w e s t .  P r o c t o r  e t  a l .  (198db)  
calculatcxi that ttlere a r e  8,4dd ha (21,WW 
a c r e s )  o f  e e l y r a s s  l n  Washington ( t h i s  
probably  d o e s  n o t  i n c l u d e  Puget Sound), 
L , O W  ha (5,c)W3 acres) I n  Oregon, and 
1,odW ha (4,LWU a c r e s )  I n  n o r t h e r n  
California. On a p r s l s t e n t  annual bas is  
t h i s  represents a sizeable econcmic 
resource, even without considering 
c o a s t d l - s e d i m e n t  s t a b i l i z a t i o n  value ,  
wlilch is  ~nca lcu lab le .  

Specifically i n  t h e  Northwest t h e r e  a r e  
some d a t a  t h a t  r e l a t e  t o  economlc v a l u e s  
of food anlmals associated with eelgrass. 
hebb and Iiourston (1979) fou:lu t h d t  i n  
southern Br l t l sh  Colur~ibla alorie, the  value 
of the  Pac i f i c  herrlrig f ishery fo r  1976-77 
was $29.9 mil l ion (81,000 tons, $29 m i l -  
l ion  f o r  roe; 7,000 tons, $0.9 million to r  
food f i s h ) .  Helfferich and WFOy (1978) 
repor ted  t h a t  t h e  t o t a l  1976 c a t c h  of 
Pacific herring (20.2 mill ion tons) was 
worth $10.7 mill ion.  I t  must be remem- 
bered t h a t  h e r r i n g  l a y  eggs  on a l g a e ,  
p i l ings ,  and several  types of hard sub- 
s t r a t e s  a s  well. 

Dr. Robert Trulnble, bJashinyton S t a t e  
Depar tment  o f  F i s h e r i e s ,  r e l a t e d  t h e  
v a l u e s  o f  t h e  P a c i f i c  n e r r i n g  i n  
\.Jashinyton S t a t e  f o r  1979-8k9 (Table lb). 
T h e  c o ~ i ~ b i n e d  v a l u e  f o r  1 9 7 9  w a s  
$4,46d,122. I n  19t3W t h e  combined va lue  
was Y1,774,b70. 111 l Y i t l  t h e  s p o r t  b a i t  
pr ice  was $2).33-$~.4~/lb; canmercial bit 
was $d.lU/lb. This pr ice  was lower due t o  
low crab stocks f o r  which the  comn~ercial 
b a i t  was s o l d .  T h e  l a s t  l i a rves t  o f  roe 
h e r r i n g  w a s  i r i  19819, owing  t o  iow 
p p u l a t l o n s  i n  Washlryton State. 

I n  I iashlngton S t d t e  t h e r e  a r e  no r e c o r d s  
kept on trie fcucl fishery of tleLrlng, s ince  
t h e  food use 1s l o c a l l z e d .  E e l g r a s s  is 
t h e  . a d l o r  s u b s t r a t e  f o r  egg deposl t lor l ,  
b u t  the h e r r i n g  a l s o  use  a lgae .  The  
l a r g e s t  s iny le  p p u l d t l o n  of h e r r l r y  is i n  
t h e  S t r a i t  o f  Gmryla. Large populations 
a r e  a l s o  founu a t  P o r t  Orchdru, P o r t  

Maaison, Q u a r t e r m a s t e r  Harbor, sou thern  
H o o d  Canal, Discovery Bay, P o r t  Gamble, 
and lesser p o p u l a t i o n s  i n  t h e  San Juan 
I s l a n d s ,  i n  Wastlinyton S t a t e  (Dr. Robert 
?'rumble, pers.  colnm. 1982).  erring l a y  
eggs  on e e l g r a s s  i n  February-March i n  
Washington S t a t e  and in mid-April to mid- 
Flay i n  t h e  S t r a i t  of Georgla. 

D r .  Lynn Goodwin, 'CJashlngton S ta te  
Deprtment of Flsherles,  applied t h e  data  
on values of s h e l l f i s h  in  Washington Sta te  
(Table 161 (pers. cam. 1982). Eelgrass 
provides the cover for  the juvenile spot 
s h r l n i p  t o  m a t u r e .  T h l s  r e s o u r c e  is  
primarily taken  i n  Hood Canal. D r .  Ken 
Chew, University o f  Washington (pcrs .  
cwinm.) provided t h e  current (1932) values 
ot several  of the s h e l l f i s h  spies (Table 
16) .  

D r .  Baumgar tner ,  Wash ing ton  s t a c e  
Department o f  ~ i s h e r i e s ,  r e l a t e d  t h e  
h a r v e s t  and p r i c e  v a l u e s  f o r  Dungeness 
crabs c a u g h t  i n  P u g e t  Sound a n d  t h e  
c o a s t a l  h a r v e s t .  The number o f  c r a b s  
a c t u a l l y  t aken  i n  e e l g r a s s  cannot  be 
a s c e r t a i n e d ,  s i n c e  t h e  c r a b s  range from 
d e p t h s  o f  6 m (28  f t )  to  72 m (240 f t ) .  
It is known that t h e  crabs use eelgrass a t  
c e r t a i n  t i m e s  i n  their l i f e  cycle: i n  t h e  
juvenile stage, during spring molting, and 
a t  c e r t a i n  t i m e s  o f  molting throughout the 
year. But t h e  exact  extent they depend on 
eelgrass  o r  t h e  exact  r o l e  o f  ee lgrass  i n  
t h e i r  e x i s t e n c e  a r e  y e t  t o  b e  discovered 
(pers.  ccmm. 1982 1. 

The Washington S t a t e  Department o f  Game 
estimated t h e  economic value to the S t a t e  
o f  Washington f o r  b l a c k  b r a n t .  I n  t h e  
1981-82 season, each b i r d  taken by hunting 
w a s  w o r t h  $ 5 0  t o  $ 6 0 / b i r d  a n d  
$lOO/man/day. I n  the 1981-82 season there 
were 1,500 b ran t  taken during t h e  hunting 
season. 

Finally,  Stokes (1978) estimated the value 
o f  the various animal species which r e s u l t  
in ind i rec t  o r  d i r e c t  income t o  the S t a t e  
o f  Washington. I t  appears  t h a t  income 
g e n e r a t e d  by t h e  e s t u a r i n e  h a b i t a t s  and 
wetlands of the S t a t e  comes to mill ions of 
dollars.  Only those species l i s t e d  by t h e  
Washington S t a t e  Department o f  F i s h e r i e s  
are g iven  i n  Tab le  16. The p r i c e s  are 
b a s e d  o n  1975  v a l u e s .  S t o k e s  (1978) 
l i s t e d  t h e  commercial ,  recreational, and 
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Table 16. Harvests and value of ~CnXIErcially important animals f r m  eelgrass,  Washington 
State (Personnel, Washington State Department of Fisheries; Stokes 1978 ) . 

Spec ies Year Amount of harvest 
kg ( lbs )  

Value i n  $ 
(U.S.) 

Pacific herring 

me 
Sport ba i t  
Cmnerc i a l  bai t  

Fae 
Sport ba i t  
Umnerc i a l  bait 

Spot prawn 
( Pandalus platyceros 

Oannerc i a l  harvest $2.69/1b; Stokes 
(1978; 1975 prices) 

Sport harvest 

Hard she l l  clams 

Carmerc i a l  harvest 
(wet w t )  

Butter clams $O.lO/lb; Stokes 
(1978; 1975 prices) 

Horse clans $0.17/lb; (1978; 1975 prices)  
-- 
-- 

$0.25 to  0.30 each; $0.17/lb; 
Stokes (1978; 1975 prices) -- 

$1.10 t o  1.20/lb; $0. 21/lb; 
Stokes (1978; 1975 prices) -- 

Native l i t t l e  
necks 

Manila 

continued 



Table 16. ( CDncluded) 

Spec ies year Amount of Harvest Value in $ 
kq ( l b s )  (U.S.) 

Mussels 

Sport harvest 

A l l  hardshell 
clams ( w e t  w t )  

Oysters 

Sport harvest 
(meats) 

Oungeness crabs  

C m r  i c a l  harvest 
( Puge t Sound ) 

Cormerical harvest 
( Cbastal) 

Sport harvest 

Fed rock crabs  

$1.26/lb; Stokes 
(1978; 1975 prices) 

$0.703/lb (ex vessel)  
$0.638/1b (ex vessel)  
$0.836/1b (ex vessel) 

$0.769/1b (ex vessel ,  
W s t p r t )  

$0.664/1b (ex vessel ,  
W s t p r t )  

$0.918/lb (ex vessel ,  
W s t p r t )  

$5.30/lb; Stokes 
(1978; 1975 prices) 
-- 

$2.65/1b: Stokes 
(1978; 1975 prices) 

replacement costs of  most of t h e  animals value a s  well. This aspect  appears not t o  
t h a t  r e s u l t  i n  income from t h e  marine  be wel l  understood by t h e  general public, 
environment, inany o f  which spend a p a r t  of who con t inue  t o  p l a c e  g r e a t  demands upon 
their l i f e  c y c l e  i n  e e l g r a s s  meadows i n  the  various agencies t o  divers i fy  its use. 
t h e  P a c i f i c  Northwest. The amount o f  
income g e n e r a t e d  from t h e  h a r v e s t s  o f  
these  animals is staggering. Transplanting Programs 

Thus, a s  t h e  h a r v e s t  d a t a  f o r  commercial It is p o s s i b l e  t h a t  t r a n s p l a n t a t i o n  o f  
and s p o r t  f i s h e r i e s  and game c o n t i n u e  t o  seagrasses w i l l  adequately mit igate  d i r e c t  
be c o l l e c t e d  and eva lua ted ,  it appears  and/or d i r ec t  i n a d v e r t e n t  d i s t u r b a n c e s  
that t h e  s e a g r a s s  sys tem h a s  n o t  o n l y  t o  t h e  sys tem.  R e c e n t  work d o n e  b y  
s c i e n t i f i c  value, b u t  an enormous economic Fonseca e t  al. (1982b), us ing  e e l g r a s s  on 



a variety of substrates including dredged 
s p o i l s  i n  North Carolina, appears c o s t  
effective and may very well be successful 
i n  selected P a c i f i c  Northwest e s tua r i e s .  
The only work done i n  Puget Sound thus far  
( P h i l l i p s  1972; Backman 1983) involved 
only s m a l l  experimental plots. m e  and 
Hoeppel (1976) prepared an a p p r a i s a l  and 
r e c o m m e n d a t i o n  f o r  a n  e e l g r a s s  
transplantation and restoration program in 
south San Diego Bay, Cal i forn ia .  I n  the  
absence of any a v a i l a b l e  l a r g e - s c a l e  
p r o j e c t s  i n  which t o  a s s e s s  t r a n s p l a n t  
success and cos t s ,  they  recommend t h a t  
since transplantation has been shown to be 
feasible, a p i l o t  study should be made on 
t h e  8 - a c r e  D e l t a  Beach s i t e  u s i n g  a 
v a r i e t y  o f  t echn iques .  Go f o r t h  and 
Peeling (1979) conduct& the p i lo t  project 
a t  the s i te .  They established an i n i t i a l  
s u b l i t t o r a l  p l o t  o f  46 m2 t o  t e s t  the  
relat ive success of three plug s izes  with 
the  p l a n t s  placed i n  biodegradable f i b e r  
pots. A second t r ansp lan t  was conducted 
t o  establish 1.62 ha (4 acres) of eelgrass 
i n  t h e  i n t e r t i d a l  and s u b l i t t o r a l  zones, 
S u r v i v a l  o f  t h e  p o t t e d  p l a n t s  was 
r e l a t i v e l y  high. After  30 mo t h e r e  was 
35%-46% su rv iva l  of  t h e  plugs i n  the  
i n i t i a l  t r a n s p l a n t .  I n  t h e  second 
transplant only 10% of the plugs survived 
i n  the subtidal a f t e r  one growing season, 
while  i n  t h e  i n t e r t i d a l ,  plug su rv iva l  

ranged between 50%-75%. 

No one has had any success using eelgrass 
seeds  i n  t r a n s p l a n t s  e hilli ips 1972; 
Churchi l l  e t  a l .  1978). The seeds have a 
very  low r a t e  o f  germinat ion a t  ambient 
seawater  s a l i n i t i e s ,  a t  l e a s t  i n  t h e  
middle po r t ions  o f  i t s  d i s t r i b u t i o n ,  
inc luding  loca t ions  on both c o a s t l i n e s  
where human- re l a t ed  i m p a c t s  a r e  t h e  
g r e a t e s t ;  and f i e l d  m o r t a l i t i e s  o f  
seedl ings  a r e  extremely h i g h  ( P h i l l i p s  
1972). Fonseca e t  a l .  (1982b) found very 
h igh  su rv iva l  and spread o f  e e l g r a s s  i n  
North Carolina on f ine  sediments of dredge 
spoils. However, I would exercise caution 
i n  ex t r apo la t ing  t h e i r  success  i n  North 
Carolina to areas throughout the range of 
e e l g r a s s  on both c o a s t l i n e s  i n  North 
America. I n  order t o  s t a t e  t h a t  eelgrass 
can be succes s fu l ly  t r ansp lan ted  i n  a 
l a r g e  m i t i g a t i o n  p r o j e c t  i n  t h e  P a c i f i c  
Northwest (>0.4 ha; 1.0 ac re ) ,  a t  l e a s t  
one la rge-sca le  p i l o t  p r o j e c t  i s  needed. 
P h i l l i p s  and Backman completed a l a r g e  
experimental  t r ansp lan t ing  p r o j e c t  i n  
Puget Sound, repor ted  by Backman (1983). 
Although a l m o s t  200 s m a l l  p l o t s  o f  
e e l g r a s s  were monitored q u a r t e r l y  f o r  
o v e r  2 y r  f o r  s u r v i v a l ,  g r o w t h ,  and 
phenology, t h e i r  r e s u l t s  cannot b e  used 
t o  d e t e r m i n e  p o s s i b l e  s u c c e s s  o f  a 
mitigation project. 
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