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PRE FACE

This report is published to provide coastal engineers information on
the use of intertidal salt marsh vegetation for erosion contro l on the
open shores of the San Francisco Bay System . The work was carried out
under the coastal ecology research program of the U.S. Army Coastal
Engineering Research Center (CERC).

The report was prepared by Curtis L. Newcombe and James II. Morris of
the San Francisco Bay Marine Research Center , and Paul L. Knutson and
Carol S. Gorbics of the Coastal Ecology Branch , CERC , under CERC Contract
No. DACW72-75-C-00lS and the genera l supervision of E.J. Pullen , Chief ,
Coastal Ecology Branch , Research Division .

Thanks are expressed to all individuals who contributed to this study,
part icularl y to J.W. Walmsley , C. Purser , and R. Mueller. •LW. Walmsley
had a major responsibility in all field monitoring operations , C. Purser
contributed greatl y to the repert preparation , and R. Mueller performed
the biomass studies.

Special thanks are expressed to Professor ILT. Harvey and A.U. Koc h ,
special consultants in Ecology and Engineering , respectively, for va l-
uable counsel.

• Comments on this publication are invited .

Approved for publication in accordance with Public Law 166, 79th
Congress , approved 31 Jul y 1945 as supplemented by Public Law 172 , 88th
Congr ess, approved 7 November 1963.

TED E. BISh OP /
Colonel , Corps of’ Engineers
Commander and Director
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CONVERSION FACTO RS , U.S. CUSTOMARY TO METRIC (SI)
UNITS OF MEA SURE MENT

U.S. customary units of measurement used in this report can be converted
to met ric (SI) units as follows :

Mul ti ply  by To obtain

inches 25.4 millimeters
2.54 centimeters

square inches 6.452 square centimeters
cubic inches 16.39 cubic centimeters

feet 30.48 centimeters
0.3048 meters

square feet 0.0929 square meters
cubic feet 0.0283 cubic meters

yards 0.9144 meters
square yards 0.836 square meters
cubic yards 0.7646 cubic meters

miles 1.6093 kilometers
square miles 259.0 hectares

knots 1.852 kilometers per hour

acres 0.4047 hectares

foot-pounds 1.3558 newton meters

millib ars 1.0197 x i0~~ kilograms per square centimeter

ounces 28.35 grams

pounds 453.6 grams
0.4536 kilogram s

ton, long 1.0160 metric tons

ton, short 0.9072 metric tons

degrees (angle) 0.01745 radians

Fahrenheit degrees 5/9 Celsius degrees or Ke1vins~~

1To o b t a i n  C e l s i u s  (C) t e m p er a t u r e  read ings  from Fah r enhe i t  (F)  readings ,
use formula: C = (5/ 9)  (F — 32) .
To obta in  K e l v i n  (K) readings , use f o r m u l a :  K = (5/9)  (F —32)  + 273.15.
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BAN K EROSION CONTROL WIT h VEGETATION
SAN F RANCISCO BAY , CA L I FORN IA

bu
i~ L. 1Ve~j cor i,be , Jw ’~- s H.  !brric ,

Paul L.  P-~:utso~ , (u ~J ~‘a) ’ol ~~~. Gorb-ics

I .  INTRODUCTION

The San Francisco Ray system is comprised of four large bays inter-
“onnected by constricted s t r a i t s  (Fi g. 1) .  Prior to 1850 the hay system

- ~.isted of approximately 2 ,038 square k i lomete rs  of open water , tidal
f la ts , and intertidal marshlands. A total of 810 square kilometers of
marsh formed the Suisun , San Pablo , Centra l , and South San Francisco
Bays. Since the mid-l9th century , approximately 30 percent of the bay
system has been either filled or diked-off and drained in land reclama-
tion activities (U.S . Army E ng ineer 1)istrict , San Francisco , 19)7).

Intertidal marshes have h~en the primary target of these reclamation
pro jec t s .  Seventy- f i”e  percent of the San Pablo Bay marshes and 85 per-
cent of South San Francisco Bay marshes have been appropriated for urban ,
commercial , industrial , and agricultural uses. The marshy fr inge wh ich
once protected the shore from erosion has been greatly reduced or elin~-
m ated . Today, much of the  shorel ine is character ized by near-ver t ical

— eroding banks , a smal l  band of in ter t ida l  marsh , and a near ly  continuous
system of levees and landfills.

Considering the historical distribution of marsh vegetition on the
marg ins of the bay, planting intertidal plants may be an eftective ero-
sion contro l measure in San Francisco Bay and other bays and estuaries
on the Pacific coast.

I I .  OBJECTIVE

The obj ect ive of th i s  stud y was to determine the feasihilit : of
using intertidal salt marsh vegetation to contro l erosion on the open
shores of th e San Franc isco Bay sy stem. Specific objectives were:

(a) The development of techniques for propagation , trans-
plantation , and maintenance of plants for shoreline erosion
abatement ; and

(b) the field testing of plan ts and planting techni ques
for shoreline erosion abatement.

I I I .  PREVIOUS WORK

In 1946, a proper ty owner of the Rappahannock R iver in V i rg in ia
graded an erod ing bank and planted several varieties of salt-tolerant
grasses . Th i s work represen ts one of the earl iest known att empts to

7 ii .
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Figure 1. Location of the three shoreline areas in the San Francisco
Bay selected for planting : (1) Point Pinole, (2) San Mateo,
and (3) Alameda Creek .
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abate erosion w i t h  in te r t idal  p lan t s  in the  Uni ted  S ta tes .  The p lant-
ing has prevented erosion for more than 20 years ( P h i l l i ps and Eas t land ,
1959; Sharp and Vaden , 1970) .

In 1969 , - ie U . S .  Army Coastal  Eng ineering Research Center (CERC )
initiated , by contract , reg ional studies on the use of marsh vegetation
to contro l erosion in coastal  areas .  The f o l l o w i n g  s tudies  have been
completed to date:

(a) Woodhouse , Seneca , and Broome (1974 , 1976) found smooth
or salt marsh cordgrass (~~ ar t ~~ .a aZ~ ci’nij~lora) to be an effec-
tive stabilizer of erod ing banks and dredged material areas in-J • North Carolina . Between 1969 and 1976 detailed techniques were
developed for the efficient propagation of cordgrass with sprigs
and seeds , and the factors which affect growth and survival were
well documented .

(b) Ga rb i sch , Woller , and M cCal lu in (1975) found smooth cord -
grass and saitmeadow cordgrass (Spartina ~ z~cns) to be effectivein con t ro l l ing  erosion in the  Chesapeake Bay area . Efficient
nursery product ion techniques  for these species were developed .

(c) l-la l l  and Ludwig ( 1975 ) eva lua ted  the  pot en t i a l  u se of
vegeta t ion  for erosion abatement in the Great Lakes .  They found
that  mar sh v eget a t i on had l im i t ed  po ten t ia l  because of f luctu-
ating lake water levels , high bluffs , winter icing conditions ,
and severe waves.

(d) Dodd and ~ehb (1975) and Webb and Dodd (1978) appraised
the potential of vegetative stabilizatior on the gulf coast.
They found that smooth cordgrass and gulf coast cordgrass
(S~-arr~~~ ~~~ ar~inae) could be established on eroding banks if
temporary protection was afforded by a wave-stilling device.

Little prior research has been conducted on the use of marsh vegeta-
tion for bank stabilization on the Pacific coast . However , develop ing
techni ques for propagating select species of salt marsh plants has
received considerable attention in recent years. Most work has focused
on California cordgrass (~

‘
~~u’tin~ ;

‘
~):~o~~z) which occurs intermittentl y

along the California coast and the coast of Baja California , Mex ico
(Mun: , 1968; Mason , 1969). This grass is most abundant in San Francisco
Bay , San Diego County, and in several estuaries in Baja; is sparse or
absent in bays and estuaries north of San Francisco; and is closel y re-
lated to smooth cordgrass which has been used extensivel y for mar sh
development and bank stabilization on th e gulf and Atlantic coasts.

California cordgrass grows lower in the intertidal zone than any
other emergent plant on the Pacific coast . Where found , it is the domi-
nant plant between mean tide level (MTL) and mean high water (MIIW) (U .S.
Army Engineer District , San Fran cis co , 1976). Although uniquely adapted
to withstand both elevated salinity and submergence , th i s plan t invades
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barren substrates in a slow manner . Purer (1942) noted that C a l i f o r n i a
cord grass seedlings were uncommon and speculated t ha t  reproduction of
the species was princi pall y vegetative rooting from extensive creeping
rhizomes of the parent plant . Phieger (1971) questioned whether the
species actually produced viable seed as he failed to achieve germination
in the laboratory using severa l standard techni ques. However , Mason
(1973) located seed-produced stands of cordgrass and achieved germination
in laboratory experiments. Techni ques were later developed for estab-
lishing cordgrass from seed , plugs , and nursery stock under field cond i-
tions (Newcomhe and Pride , 1975; Knutson , 1975). Spri gs have also been
used successfull y to produce new stands of cordgrass (Morris , et al . ,
1978)

The above f i e l d  p l a n t i n g s  were made in areas t o t a l l y shel tered from
wave a c t i v i ty . Before t h i s  study , l i t t l e had been known about the toler-

• 1 ance of C a l i f o r n i a  cordgrass to wave a c t i v i t y  in exposed a reas .  Based
on observations of smooth cord grass on the A t l a n t i c  coast , Knutson (1977)
co ncluded tha t  seed s are l i k e ly  to e s t a b l i s h  o n ly  in shel tered  areas.
Spr i gs a re more t o l e r an t  to wave a c t i v i ty  and can be used r e l i a b l y in
fe tches  (the distance the wind blows over open water  in  generat ing waves)
up to abou t 8 k i lomete r s . P lugs  or nursery stock work consistent ly wel l
in fe tches  up to 16 k i l o m e t e r s .  Knutson a lso reported th :~ p l a n t s  can he
e s t a b l i s h e d  in a reas exceeding these  fe tch  l i m i t s  if the slope onshore
is g rad ual , sha l low depths occur o f f shore , or if the  s i t e  f aces awa y
from the  d i r e c t i o n  of predominant  w i n d s .

l v .  METh ODS ANI ) PROCEDURES

1. P l a nt Se lec t ion .

Three p lant  species are predominant  in the  i n t e r t i d a l  zone in  San
Francisco Bay. C a l i f o r n i a  cordgrass is  the p r i n c i pal colonizer in the
in te r t idal  zone up to the MlP1~ e levat ion , and pi ck lew eed (S~~~~~~’-~:~~ ~~~~~ 

.)
and s alt g r a s s  ( -

~~~ ~~~~L :~ ~ ) i~i t - ~~) are the dominant  p l a n t s  in the h i g her
marsh , ~-U R’ to the es t imated h ighes t  t ide .

Ca l i fo rn ia  cordgrass has considerably more po ten t i a l  for erosion
contro l than  the other  two p l a n t s .  Cordgrass is found in the  i n t e r t i d a l
reg ion which is subject to the greatest wave a t tack and subsequent ero-

• s ion .  It  grows in dense , monotypic stands w i t h  semi r ig id , erect stems .
This growth forms a mass that dissi pates wave energy . Nat ,~ral  stands
w i t h  800 or more stems , 0.3 to 1 .2  meters in height , may ue crowded into
each square meter of marsh. The p lant is supported by numerous shallow ,
underground rhi zomes and an extensive root system that  s t a b i l i z e s  the
sediments  in which  it grows . During the growing season , roots and 1~- i ~~
zomes c o n s t i t u t e 50 to 60 percent of the plant ’s to ta l  weight (Floyd
and Newcom h e , 1976 ; Knutson , 1976) .

Pickleweed and saltgrass  grow in the h ig h in te r t ida l zone which is
not the  reg ion of c r i t i c a l  erosion . Nei ther  plant  has the erosion con-
tro l a t t r i b u t e s  of Ca l i fo rn i a  cordgrass. Pickleweed is poorly anchored
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in the so i l .  Its root system represents on ly  about 20 percent of the
total weight of the plant (Floyd and Newcombe, 1976). Saltgrass is often
prostrate (lying on the ground) and spreads from above-ground runners
(stolons), providing little resistance to waves and only limited benefit
to soil.

Based on the above considerations , California cordgrass was selected
for planting ‘~ periments .

2. Survey of Existing Marshes.

A field survey of over 23 n a t u r a l cord grass  marshes  was made around
the  bay in  November 1976 ( F i g .  2 ) .  The t o t a l  number of culms (stems)
per meter and the mean height of stems and h i o m a s s  were measured ( four
replicates) for each survey site. These data were used to compare the
na tura l  marshes and the marshes p lan ted  du r ing  the course of the study .

Each Site was a s s i g n e d  a n a l p h a b e t i c  and geograp h i c desi g n a t i o n . The
following is a listin g of the natura l marsh areas sampled and the al pha-
betic desi gnation used to locate the sites in Figure 2:

A. Alameda Creek Flood 1.. Man n Day School
Control  Channel  ~~. Novato Creek

B . Bay Brid ge l’ol l  Plaza N. Oro Loma
C. Bolina s Lagoon 0. Palo Alto
P . Bu r l i n g a m e  P. Petaluni a Creek
U . Ch i n a  Camp Q. P ino le  Creek (mouth) ;
F. Corte Made ra Creek two sites
G . Coyote P o i n t  R .  R i c h a r d s o n  Bay
I I.  Creeks ide  Park S. Seal Slough
I . Dr a k e s  U str ’ro T. San F r a n c i s c o  Ai rpor t
J. Golden Gate Fields U. Shoreline Drive
K. I imatour V . Southhampton Bay

3. Fie ld  P l a n t i n g  S i tes .

a. Genera l Physical Features of San Francisco Bay.

(1) Tides. San Francisco Bay is  subject to the Pac i f i c  coast
semidiurnal  t i d a l  pat tern of two h igh  and two low t ides per day (24 .8
hours ) .  U n l i k e  the Atlantic coast , the two hi gh tides and two low tides
d i f f e r  in magnitude. Tidal range within the hay generall y increases in-
land from the Golden Gate Brid ge. The mean tidal range at the bridge is
approximately 1.3 meters ; the southern ti p of the South San Francisco S

Bay ( approx imate ly  80 k i lomete rs )  has a tida l range of 2 . 7  meters .

(2)  Wind . The wind rose shown in  F igure  3 represent s the gen-
era l wind environment of the San Franc i sco Bay area. The strongest av-
erage winds blow from the west; south-southeast winds are also strong hut
occur less f requent l y.  Strongest winds  occur dur ing  the win te r  when
storms increase wave heights from 0.3 meter to more than 1.0 meter
(Pestrong , 1972).
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Fi gure 2. Locat ions of the 23 natura l marsh sites A to \‘. (S it es I
and K 35 kilometers northwest of Golden Gate Bridge.)
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Fi gure 3 . W i n d  ro~.e for Alameda  I s l and , Ce n t r a l  San
Francisco Bay (U .S. Army Engineer Distr ict ,
San Francisco , 1978).
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(3) Sediments. Sediment s on e r o d i n g  bay shores  typ i ca l l y con-
tain 5 percent sand , 15 percent coarse shell fragmen t s and organic
debr i s , 15 percent silt , and 65 Percent clay (Pestrong, 1972). Wave
a c t i o n  removes the fine-grained material from surface sediment s in the
swash zone , leaving a surface layer  of coarse m a t e r i a l  at t h e  toe of
eroding banks .

(4)  R a i n f a l l ,  R i v e r f i o w ,  and Sa 1 i n i .~~~ Almost  85 percent of the
t o t a l  annua l r a i n f a l l  in the San Francisco Bay occurs between Nove mber
and A p r i l .  M aj o r  freshwater inflow , which coincides w i t h  the  h i g h  r a i n -
fall periods , is in the northern reaches of t he  hay. During the winter
rains , salinity levels are greatly reduced in San Pablo Bay. Maximum
s a l i n i t y  l e v e l s  reach the  seawater  c o n c e n t r a t i o n  (33 part s per thousand )
d u r i n g  the dry  summer months in  Cent ra l Bay and South San Franc i sco  R a y .
Fabl e  I summar i ze s  mean and extreme salinit y l e v e l s  in the  three  ma jo r
bays .

Table 1. SalinitL!~~~ls in San Francisco Bay.Salinit ” level (pct)
— ~~~~~~~~~~~~~ ~~~~~~~~ - -~~~~~

South San Francisco Bay 30 .0 18.0 23. 7

C entra l Bay 30 .5 18.0 24. 5

.JL~~

h .  !.oc~t t i o n of S h o r e l i n e  P l a n t i n g  S i t e s .  Th ree s h o r e l i n e  s i t e s  were
selected for plant i ng--San Matco , P o i n t  P i n o l e , and A l a m eda Creek ( F i g.  1) .
The Point Pinole s i t e  i s  loca ted  on the  east s ide  of Poin t  P i n o l e  on t he
sou theas t e rn  shore of San Pab lo  B a y .  The San Mate o  s i t e  is  on t h e  west
side of South San Francisco Bay about 3 kilometers north of t h e Sa n Mat eo
Brid ge. This site extends a distance of abou t 1 kilometer . Six planting
a reas were e s t a b l i s h e d  a long  the shoreline near the  Alameda  Creek f lood
channel , h e r e a f t e r  referred to as Alameda Creek . ib is site is located 5

• kilometers south of the San Mateo Bridge on the eastern shore of South
San Francisco Bay. The 1-kilometer test site , located north of the
Alameda Creek flood control channel , provided a wide variety of test
cond i t ions .  P h y s i c a l  c h a r a c t e r ist i c s  of each of the p l a n t i n g  s i t e s  are
summarized in Table 2.

4. Plant i ng Procedures.

a. Seed i ng.

( I )  Labor atory Tests .  Seed s were co l lec ted  in Novemb er 1975 to
prepare for field planting . ihe seeds were harvested by hand at low tide.
Inflorescences (seed heads) were cli pped from parent plants with the use
of electric garden shears. Collected materi al was threshed and stored in —

40 parts per thousand saltwater at room temperature (about 200 Celsius).
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Table 2. Characteristics of shoreline test sites (see Fig. 1).

Percent of 
- 

Average 
—

~~

time wind windsp eed FetchSite Exposure blows from (kmfhr)  (kin)
direction 

_____________ _________________

San Mateo , N. 5 11.3 21
South of NNE . 1 7 .2 15
Coyote Point NE. 2 6.4 16

ENE. 1 3.2 14.5
E. 5 8.1 14

Ave rage 
________ 

14 8.5 
_______________

Point Pinole N. 5 11.3 14
NNE . 1 7 . 2  11. 5

NE. 2 6.4 11
ENE . 1 3.2 8.5

E. 5 8.1 4

Average 
________ 

14 8.5 
_______________

Alameda Creek WN W. 5 19.3 22
(Area 1) K. 26 19.3 9

WSW . 5 14.5 7
SW. 11 13.7 7

Average 
-________ 

47 17.5 
_________________

Alameda Creek WNW . 5 19.3 22

- 
(Area 2) W. 26 19.3 9

Aver age 
________ 

31 19.3 
_______________

Alameda Creek N W. 11 14.5 27
(Areas 3 and 4) WNW . 5 19.3 22

K . 26 19.3 9
WSW . 5 14.5 7
SW. 11 13.7 7
SSW. 1.5 15.3 7

S. 6 12.9 6

Average 
_________ 

65.5 16.4 
________________

Alameda Creek SW. 11 13.7 7
(Area 5)

• Alameda Creek S. 6 12.9 0.5
(Area 6)
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Germination tests were made to determine an optium plant ing reriod .
At 2-week intervals , seed samples were removed from storage and pl aced
in freshwater . The precentage of seeds that germinated was recorded .
Seed samples were al so placed in solutions of 0, tO , 20 , and 30 par ts  per
thousand s a l i n i t y  to  d e t e r m i n e  t h e  h~ st s o l u t i o n  for germination .

(2) Field Planting . Both hand and mechanical seeding was done.
The applicat ion rate for seeding was approximately 100 seeds per square
meter. Hand-sown seeds were raked into the substrate and covered with
a t h i n  l ay er  of mud to  prevent  them from floating . Mechanical planting
was performed with a hy dromu l ch  mach i ne w i t h  a n o z z l e  pressure of about
10 kilograms per square centimeter.

h. Sprigs. \ .cp.’~~7 i s  a s i ng l e  s tem ( c u l m )  with associated root
and rh izoma l m a t e r i a l .  Clumps  of cordgrass  were co l l ec ted  in e x i s t i n g
na tura l marshes and separated in to  i nd iv idua l s p r i g s .  Only cuims with-
out inflorescenses , ranging in size from 7 cen t ime te r s  t a l l  in  the spring
to 25 centimeters tall in the fall , were used . The sprigs were  hand-
planted to a depth of 7 to 10 centimeters , depending on the  spri g s i z e .
A hole was pressed into the substrate , the spri g was p laced in the hole ,
and then the mud was compressed around the sprig.

c. P l u g s .  A TU ~? is a group of stems with attached root and rhi-
zo m e ma te ri a l  wh ich  is col l ected and p la n ted w i t h t h e sedi m ent ma ss
in t ac t . Tests were conducted -on two types of p l ugs :  (a )  p lugs  protected
by construction shing les inserted in the mud to act as wave breakers; and

- (b) bioconstructs with ribbed mussels  (1 z~f:ur icr~~ssz~”:, former l y 
‘ - z ~~‘~~ssus) imbedded in the rhizome mass .

(1) Plugs With and Without Wave Breakers. Plugs , 15 centimeters
square and up to 10 centimeters tall , were col l ected from dense cordgrass
stands. The plugs were selectively dug to obtain a maximum number of
culms per unit of surface area . Uoles were dug into the mud with a square-
ti pped spade , deep enough for the planted plugs to he flush with the mud
surface. The plugs were then pressed into the holes by hand . To pro-
tect each plant , construction shingles , measuring 15 to 25 centimeters
wide and 30 centimeters long, were pressed 20 centimeters into the sub-
strate. For very sma l l  pl ugs, two shingles were placed in a “V” for-
nation in front of the plant with the apex facing the wave fronts.
Larger plugs were protected by arranging three or four shingles in a
staggered pattern across the exposed side of the plant .

(2) Cordgrass Mussel Bioconstructs. Cordgrass plugs with ribbed
mussels were obtained from a stand fully exposed to hay wave activit y,
located approximately 1.5 kilometers north of Alameda Creek . The hio-
constructs measured approximatel y 25 centimeters square and up to 15 •

centimeters tall. Although the cordgrass was stunted in height , as was
typ ical in stands exposed to strong wave a c t i o n , i t  was h e a l t h y in t e rms
of dens ity of shoot growth and the lack of noticeable nec rosis. The
pl anting procedure was the same as for the plugs without ribbed mussels
w ith three additional steps. The substra te surface was manually
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compacted (sealed) around the perimeters of the hioconstructs to pro-
tect against wave surges. Then , a wooden dowel 1 meter in length was
pressed verticall y through the center of each bioconstruc t after it was
planted (Fig. 4). Each dowel had a “T” top made by forcing it through
a sli ghtly undersized hole in the center of a p iec e of wood . Wooden
planking was used to construct walkways in the plots during the planting
operation to minimize substrate disturbance.
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F i g u r e  4 . A cord gru ~ - i - i  hbed musse l  h i oconst ru ct  show i ng

S top of dowling used to s t a b i l i z e  the  t r ansp lan t .

5. }~xperimental Design for Field Plantings.

The evaluation of field-planting techni ques was conducted in two
phases. Phase one focused on determining the relative tolerance of
seed s, sprigs , and plugs to wave activity. Phase two focused on develop-
ing improved pl ug-p lanting techn iques for erosion control. S

a. Phase One--Comparison of Seeds, Sprigs, and Plugs. San Mateo and
Alameda Creek (area 1) were selected for the phase one plantings . The San
Matea site was planted between 14 and 25 July 1976 and p lan t surv ival wa s
determined in August and December 1976. Alameda Creek (area 1) was
planted in May 1976 and monitored in August and Oc tober 1976 and January
1977. The following is a summary of plant materials used at each site.

San Mateo Alameda Creek (area 1)

. 
Seeds (hand), 23 l iters Seeds (hand) , 20 liters -

Seeds (hydrosced ing), 150 liters Sprigs , 628

Sprigs , 360 Plugs , 54

Plugs , 108
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!‘lantings in this phase were not organized into replicate plots and data
analysis was stri ctl y subjective.

b. Phase Two--l)evelopment of Plug Planting Techniques.

(1) Plugs Cith and Without l~ave BreaLers. San Mateo , Point
Pinole , and Alameda Creek (area 2) were chosen to test plugs with and
without wave breakers. Plot size at each location was 4 by 4 meters;
plugs were planted on 1-meter centers , 16 plugs per plot . Schematic
drawings of the randoml y designated , replicate plot s arc in Figure 5.
Al l  p lo t s  were planted in September 1976, and monitored in October 1976,
January , Apr i l , Ju ly  and October 1977, and January 1978. Percent stir-
vival , stem height , and stem density were determined during each period .

(2) Cordgrass Mussel Bioconstructs. During field monitoring of
the wave breaker plots at Alameda Creek , it was noted that several areas
of the shoreline were stabilized with ribbed mussels growing in conjunc-
t io n  wi th California cordgrass (Fig. 6). Five experimental plots (areas

- 
5 2 to 6) at Alameda Creek were established to test the feasibility of

using cordgrass-mussel bioconstructs for erosion control. The five p lot s
which were not true replicates , represent a range of shore conditions.
All  p lo ts  were S by 5 meters with 25 cordgrass-mussel bioconstructs
planted on 1-meter centers in June 1977. Alameda Creek (area 2)
provided a comparison between cordgrass-mussel bioconstructs and plugs
with and without wave breakers planted at this site in 1976. No p lan t s
from the 1976 plantings remained at Alameda Creek (area 2) at the time
of the 1977 planting . Alameda Creek (area 3) was established as a con-
trol for the planting method . Cordgrass-mussel hioconstructs were trans-
planted into a natura l cordgrass-mussel community. Alameda Creek (area s
4, 5, and 6) represented three alternative exposures to wave action. A

- 

~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ ‘ 5 . . ‘~~

1

Figure 6. Natural cordgrass-mussel community.
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schematic of the plot arrangement is shown in Figure 7. Percent sur-
vival , stem he ight , and stem density were determined in each plot dur ing
monitoring periods in December 1977, and February and June 1978.

V. RESULTS

1. Survey of Natural Cordgrass Marshes

a. Genera l Observations.  Ca l i fo rn ia  cordgrass n a t u r a l l y  es tabl ishes
in the middle to upper intertida l zone by either seed dispersal or the
fortuitous introduction of a dislodged plant with root or rhizoma l tissue .
Ind iv idual pl ants spread la terally by rhizomal growth with new shoots
emerg ing up to 50 centimeters from the parent plant . New shoots grow
rapidly and often sprout one to five or more basal shoots which generally
emerge within 1 .5 centimeters of the parent shoot . Inflorescent (seed
head) development begins in August and seed dispersal occurs in November .

~1ost of the inflorescent-hearing culms diehack by January or February .
• Most of the seed crop undergoes germination in February and March. Ver-
- 

- nal growth in established plants also begins during this period . Aerial
• sterns are present during all seasons.

Plants exposed to strong wave action are generall y stunted in appear-
ance . This may result from h igh  stem mortality and continuous replacement
of l ost stems w i t h  new shoots .  

-

- b. Survey Resu l t s .  Table 3 summarizes  the data obtained from survey
of 23 natura l marshes in November 1976. The average number of stems per
square meter area ranged from 224 to 1,460. Aerial biomass ranged from
367 to 2,030 grams per square meter area for the 23 sites. Mean stem

S 
height ranged from 55 to 100 centimeters  with a mean height of 79 centi-
meters.

2 . Laboratory Studies on Seed Germination.

Laboratory germination studies indicate that California cordgrass
seeds have twice the germination rate and also germinate faster in fresh-
water than in solutions of 10, 20, 30 parts per thousand saltwater (Fig.
8). Similarly, Moor ing , Cooper , and Seneca (1971) noted that freshwater
stimulates the germination of smooth cordgrass (S~ra rt ina  alterniflora).
It may be assumed that under natura l conditions seeds produced in the fall
either float in bay water or are deposited with debris in the strand line .
Winter rains cause a temporary reduction of salinity near the bay and
tributaries and probably stimulate seed germination .

Laboratory studies also show that seed collected in November and
stored in 40 parts per thousand saltwater reached peak germination in
May (Fig. 9). This “af ter ripening” has also been observed in studies
of smooth cordgrass. A delay in peak germ ina tion in na tural stands of
cordgrass until late w inter or early spr ing , when cli matological cond i-
ti ons and sal initi es are more favorable , is an advantage to plant
survival.

20
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Table 3. Measurements of California cordgrass stands in
San Franc isco Bay.1

Site Aerial biomass2 Mean height Mean number 3
(g/m2) of stems (cm) of stems/rn2

Alameda Creek 
— 

5-19 55 420
Bay Bridge Tol l  P laza  771 65 400
Bolinas Lagoon 1 ,040 86 285

• Burlingame 2,030 82 1 ,460
China Camp 1, 060 92 862
Corte Madera Creek 802 80 958
Coyote Point 1 ,300 8 526
Creekside Park 1 ,120 81 403
Drakes tistero 1 , 040 96 224
Golden Gate Fields 518 71 495
Limatour 367 58 377

- • Man n Day School 1 ,100 91 657
Novato Creek 1,050 81 442
Oro Loma 1 ,160 95 1 ,170
Palo Al to  Audubon

Preserve 554 71 495
Petaluma Creek 1, 050 74 377
P ino le  Creek 1, 470 97 737

- Pinole Creek (Mouth) 663 69 443
Richardson Bay 632 70 566

• San Francisco Airpor t  1, 670 62 76 5
Seal Slough 1 ,590 78 614

5 Shoreline Drive Alameda 1 ,170 73 960
South Hampton Bay 1,730 100 1,310

Average 1 ,062 79 650

1Four replicates at each site.
2Aer ial b iomass - dry we ight of al l  l iv ing and dead plant material
more than 2.5 centimeters above the ground surface.

• 3Stem s - includes (a) dry , dead stems , (b) living green stems , and
(c) emerging, new shoots.
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3. Comparison of Seeds, Sprigs , and Plu~s.

A comparison of the success of us ing  seeds , spr i gs , and p l ugs to
e s t a b l i s h  a marsh was made at San Mat eo and Alameda Creek (area 1) .  The
San Mateo s i t e  is located on the w e st c r n  shore of San Franc isco  Bay and
is not exposed to prevailing winds. The s i t e  f aces f e t c h es f r om 14 t o
21 kilometers , hut winds blow onshore onl y about 14 percent of the time
at an average speed of 8.5 kilometers per hour. The Alameda Cr eek (ar ea
1) site is exposed to the prevai ling westerl y winds. Winds blow onshore

-~~ at this site about 47 perc ent of the t i m e  at an average speed of 17.5
kilometers per hour. Area I is also exposed to broader fetch ranges
from 11 to 35 kilometers.

•-\ 150- by 15-meter area of the San ~1ateo site was hydroseeded (seed
in water applie d by hose from a tank truck) with 150 liters of seed .

S
I Inspection of the site immediatel y after seeding indicated that the

process had torn the seed embryos from their hulls. Two days later , the
onl y evidence of seeding was the  presence of a drift line of seed debris.

:i Par t s of the hydroseeded area were hand-raked and additiona l areas were
hand-seeded  and raked . No seed gerin i nat  ion was observed using either of
these techni ques. h and-seeding attempt s at  the Alameda Creek (area 1)
were also unsuccessful , due probably to exposure to wave action (Table 2).

Sprigs and p lugs were planted in front of , and  extending up, a 0.2-
meter  hank at San Mat eo in Ju l~- l97~ . One m o n t h  after plant ing , onl y
54 percent of the p lugs  and 6 percent of the sprig s survived . Greatest
mortalit y occurred on , or immediatel y beneath , the bank . Five months
after planting , no p lants were alive .

Sprigs at ‘ plugs were I)l~In ted  at t h e  Alameda  Creek (area 1) site in
May 1976. At some locations of this site there were banks 0.3 meter
h i g h. In August , 3 months  a f t e r  p l a n t i n g ,  onl y 30 percent  of the  p lugs
and 5 percent of the sprigs were alive. F i v e  months after planting ,
p lug and spri g survivals were 13 and 2 perCent , respectively Ei ght
months after p lanting, there were no live plants , ref1c~ting hig h ex-
posure to waves.

Seed , sprigs , and plugs were not successfu l in establishing vegeta-
tion on the two exposed Sites tested . Seeding offers little promise
whereas , plugs appear to he more tolerant to wave action than sprigs.

• Ha v i n g  de te rmined  t ha t  p lugs are more t o l e r a n t  to wave a c t i o n  than
• seeds or sprigs , the 1977 planting focused on improving establishment

• techniques for p lugs.

• 
. 4. Plugs with Wave Breakers.

• As d i s cu s s e d  prev i ously , plugs with and without indivi dual shingle -
type wave breake r s  were p l a n t e d  i n  r e p l i c a t e  p l o t s  a t  the Alameda Creek
(area 2), San Mateo , and Point Pinole sites. Figure 10 and Table 4
summar i ze  s u r v i v a l  and g rowth  of the  p lugs w i t h  and w i t h o u t  s h i n g l e s .
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a. Alameda Creek (Area 2) Plantin gs. Area 2 is a particularl y
hig h-energy site which is su bjec t  to both st rong t idal  currents and wind
waves.  The s i te  borders on a manmade breach in  the  South h a y  levee
system . The breach connects  the  l)ay w i t h  a 100-acre pond . t )ur ing  hi gh
and low tides , the pond is filled and empt i ed through the breached sec-
tion. l)uring peak periods , velocities through the breach reach 0.5 to
1.0 meter per second (U.S. Army Engineer l)istrict , San Francisco , 1976).
In addition , this site is exposed to strong westerl y winds which  generate
waves  over a broad fetch , 9 to 22 kilometers. IV in ds  blow onshore at

j Alameda Creek about 30 percent of the time at an average speed of 19
k i l o m e t e r s  per hour . Observations using reference stakes indicate t h a t
the 1. 7-meter bank at this site erodes several meters per year.

The wave breakers had no e f f ec t  on p lan t  s u r v i v a l  at Alameda Creek
(Tab le  4) - The u n s t a b l e  subs t ra te  eroded rap i dly  and the  wave breakers
were frequent l y washed i n to the  h i gher e lev ated p i ck l eweed  a nd sa l t g rass
zone. In  a d d i t i o n , most plants at the Poi n t P in o l e  and San M a teo  s i t es

S were p la n ted on relativel y le v el g rou n d , benea th  or on a mu dh ank ; p l a n t s
at the Alameda Creek site were p la n ted on a n un s t a b l e , s teep slope of t he
nu dbank whe r e t h e  p l an t s were easi 1~- d i s l od ged by wa ves .

b. San Matco Plant ing s .  The San Ma teo s i t e is  exposed to a f e t c h
s i m i l a r to Alameda Creek , 14 to 21 k i l o m e t e r s .  h owever , this site faces
n or t h e a s t  arid is tot ally sheltered from the prev ailing westerl y wind s.
Wi nds b low onshore o n l y  14 perc ent  of the t i m e  at an average  speed of
8. 3 k i l o m e t e r s  per hour .

At the San Ma tco s i t e , t h e  beneficial ef fec t  of the wave breakers
was statisticall y signific ant by January 1977 . I)u r i n g  a 3—month  pe r iod

• 
~N ovemb er  1 ~)7~ to J a n u a r y  197 ) , plant surviva l in a 11 plots was about
50 p e r ce n t - l )u r i  ng the follow i ng 3 months ( to  A p r i l  1977 ) t he  apparent
d i f f e r e n c e in s u r v i v a l shown in l a b l e  4 was , ho w ev er , not s t a t i s t i c a l l y
s i g n i f i c an t  due to h i gh ~a r i a h i  l i t  v i n  one p lot  ot eac h group i n  w h i c h
the  p lants died (student ’s t-tcst).

c . Point P m ole Plant ings . The P o i n t P i n o l e  site is the most shel-
tered of the three sites. it faces northeast as does the San Mateo site ,
hut w i n d s  genera te  waves  over a f e t c h  of o n ly  4 to 14 kilometers at this
site. At the Point Pino le site , the survival was significantl y greater
in the wave breaker p lots after the f i r s t  month  (Octob er 197b; Table  4).
The t-t est showed the p r o b a b i l i t y of the null hypothesis (Phi0) to he
s m a l l e r  t h a n  0. 01. By January 1 9T ’ , the effect of the wave breakers on
plant survival at Poi n t Pi no le  wa s not stati sticall y significant
(0.30 P11 , 0.50). Wave activit y had reduced p lan t survival in all
plots and the variability of the surv i va l was too great for the t-test
to show a si gnificant difference.

Thoug h i n d i v i d u a l wave b re akers  improved p lug surv i va l , i t  is evident
from these plantings that more formidable wave protection is required to
establish plants in these test areas. Far] icr estimates (Knutson , 1977)
that California cordgrass can be established in areas with fetches up to
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16 kilometers seem to be overly opt imistic. Plugs failed at the Point
Pinole site despite the fact that it was totally sheltered from pre-
vailing winds ; it faced a fetch of up to 14 kilometers.

5. Cordgrass-Mussel Bioconstructs.

Plugs harve sted from ma ts of cordgrass in assoc iation with ribbed
mussels have not been previously tested as a bank stabilization technique .

H However , studies by Newcombe (1941-1946) at Wachapreague , V irg inia , found
that  smooth cord grass marshes could be establish ed on bare mud areas by

( heeling in plugs dug f rom a cl imax , mat formation cordgrass mussel
communi ty  (Fi g. 11).  Pestrong (1972) , in his  geological  studies of San
Francisco Bay , observed that these cordgrass-mussel communities had
effectively riprapped many channel banks in the South i;ay.

Cordgrass-mussel hioconstructs were planted in June 1977 at Alameda
Creek (areas 2-6). Data on the growth and surviva l of cordgrass-mussel
ti-anspiant s are summarized in Table S (Newcombe , 1978).

a. Alameda Creek (Area 2) P l a n t i n g s .  Alameda Creek is the high
erosion site , as disc ussed previously. The area 2 plantings were de—

• stroyed by bank erosion by June 1978. Instead of “washing out ,” as the
plugs did in the wave  breaker plots , they were underm ined by erosion of
the surrounding substrate until they were sufficiently exposed for waves

• to dislod ge them . Before the plantings were destroyed , their growth was
relatively vigorous. The plugs exhibited extensive rhizomal growth by
December 1977 (Table 6). Many rhi:omes , some of considerable length ,
grew from the transplants but they were exposed and destroyed by sub-
strate erosion before developing more than a few shoots. By February
1978 all surviving plugs in this plot were damaged too severely for
further rhizoma l shoot development .

b. Alameda Creek (Areas 3 and 4) Plantings. Alameda Creek (areas
3 and 4) had the greatest exposure to wind waves of the study areas.
Winds blow onshore at these areas about 65 percent of the time with an
average speed of 16.4 kilometers per hour over a fetch ranging from 6
to 27 kilometers . At area 3, a well-developed cordgrass-mussel community
a lready existed . Plugs plant ed in area 3 exhibited 100 percent surviva l
after 1 year. The number of stems decreased , as expec ted , from Decembe r
1977 to February 1978, and then increased aga in by June 1978. This fluc-
tuation was due to waves associated with winter storms . The changes of
shoot height and numbers for the cordgrass-mussel bioconstructs matched
those of the surrounding cordgrass so closely that it was difficult to
discern the bioconstruct transplants at the site after December 1977.
The surrounding cordgrass also made it imposs ible to determine rhizoma l
shoot characteristics. The success of transplanting in this plot demon-
strated that any initial biological stress incurred by the transplanted
cordgrass had no lasting detrimental effect on plant surviva l and growth.

At area 4, no vegetation ex i sted before planting . Cordgrass— mussel

- 

bioconstructs planted in this area had good sur~ ival af ter 1 year , hut
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Table 5 Comparison of cord gras s -us uss el b oconst ru ct surv ival and grovth , Alameda Creek

____________ 1 1 % f l t ~~~~ da t e , j U f l C  1977)~

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Mo nt hs_ aft c r p lant i n~ _________________________________

Creek 7 ( I I . - ~~~ 9il eb.) I l~ (June) (~ e c )  •~I - T ) l  l ( J un e )  7~ Dec ) I 90~ h )  I l3(June)
— S .te Pct su rv i va l  ~vc r jg e n(.rlhe r o f stems / Average stem hekght

— _________ _ _ _ _ _ _ _  
b io~~~ns t ru c t s  

_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  
(cm) ______________

- 
- Areas

84 12 0 85 47 0 67  3.0 0

3 100 100 100 los 80 95 4.3 3.9 0.b

4 10 0 100 90 50 2(~ 11 2 2  2 .3 3. 1

5 S luLl 100 100 1 10  US 78 b 3  2 . 7 4 .5

0 100 100 100 120 148 170 9.9 7.5 9.5

Table 0 Comparison of cord~ra- .s-mu ssel bi ocon s t r u c t  -rhizo m e development in months after planting,
S \ l ( m e d . ,  Creek (areas 2 to 0).

A1a rda Months at ter pja nting
Ir ce k  

7(Dec ) 9 (1eb. ) 13 (June) 1(Dec ) I 9(Feb .) I 13(June)
lean number of rhizoma l shoot s per Length of longest rhizome in

A rea s bioconstru ct 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  plot (cmi 

_ _ _ _ _ _ _ _ _ _ _ _ _

1 8 0 0 4 1 0 0

-~~~

• 4 I 0 2 7 0 2

S I I  35 25 50 39 48

I I  OS ISO 37 50 78

1 K h izom. , I g rowth  not measured due
to dense cordgra ss-eu ssel coImsunities

• s urr oun dsn g plant i ngs. 
-
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the overall condition of the plants began to deteriorate immediately
and continued to deteriorate through June 1978. The number of stems was
about 50 percent of those at area 3 in December 1977 and about 12 per-
cent in June 1978. Rhi:omal shoot development was poor as compared to
area s 2 , 5 , and 6 during all monitoring periods (Table 6). The average
shoot hei ght  decreased to about 50 percent of that in area 3 by December
1977 and remained at that percentage through June 1978. Considering
the progressive deterioration of the plants in this area , it is doubtful

- tha t  this planting will result in long-term stability of the bank . It
is evident that new plantings are less tolerant to the destructive forces
of waves than are natural cordgrass-mussel communities. Once a stable
community has formed and the sediment surface is firmly anchored , m d i-

• vidua l plants are not subjected to abrasion by sand and shell fragments
pr ope l l ed by wav es.

- - c. Alameda Creek (Area 5) Planting s. Area 5 is p a r t i a l l y  sheltered
from waves generated by the normal westerly to northwesterly winds. The
longest fe tch  in this area is about 7 kilometers . Sediment in this area
contained sand and pulverized shell fragments. Cordgrass-mussel bio-

- I cons t ruc ts  p lanted  in  t h i s  area had 100 percent survival and good plant
.1 growth through .June 1978. By December 1977 the plant s were significantly

taller tha n those in area 3, and the number of stems per bioconstruct
was about equa l to that in area 3 (Table 5). A mean of 78 stems per

‘
1 bioconstruct was recorded for area 5 in June 1978. • This density is com-

parable to that of the fully developed cordgrass-mussel community at
area 3. Although no natural cordgrass-mussel communities were monitored
in  the  23 marsh s i tes , i t  is evident tha t  stem dens i t i e s  are l ower when

• cordgrass grows in  association with mussels. Rhizome production and
growth of bioconstructs were high in area S (Table 6). Based on 13
months of observation , it appears tha t the cordgrass-mussel bioconstructs
will eventually stabilize area S.

d. Alameda Creek (Area 6) Plantings. Area 6 is located along Ala-
S meda Creek and is sheltered from waves with a fetch of less than 0.5

k i lome te r  in any d i rec t ion . Cord grass-mussel  h iocons t ruc t s  p lan ted  in
area 6 exhibited good plant growth within a few weeks. The number of

• - shoots , inc luding rhizoma l shoots , contin~’ed to increase during the
winter period . Shoot height was signifi 3ntly greater than that in the
other areas at all ‘- imes , although there was some diehack by Februray .
The dieback was not a result of the death of inflorescence-hearing culms ,
as was the case in natura l stands , because of inflorescences developed
in any of the areas. This area demonstrated cordgrass-mussel growth
under optima l conditions. Because of the absence of wave stress , this
area was superior in all growth characteristics measured . Stem density
in area 6 reached 170 stems per square meter (stems per bioconstruct)
and mean height was 9.5 centimeters. As noted earlier , the 23 natura l
marshes averaged 650 stems per square meter with a mean height of 79
centimeters. The lower density and height in the bioconstruct plots is
in part due to their stage of development . h owever , it appears that
even in mature cordgrass-mussel communities stem density remains low in
compar i son w it h areas where mussels ar e not present .
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The p lan tings at the Alameda Cr eek areas 2 to 6 demonstra ted tha t
(a) once establ ished , cordgrass-mussel bioconstructs are highly resis-
tant to wave attack , (b) cord grass-mussel bioconstructs will survive
transplan ti ng , and (c ) bi oconstruc ts can be establ i shed in an area w i t h
a fetch up to 7 kilometers without wave-stilling device s.

VI. SUMMARY AND DISCUSSION

Twenty-three natural intertidal cordgrass marshes in the San Francisco
Bay System had an average stem density of 650 per square meter and an
average stem height of 79 centimeters. These figures are compared to
those reported for natural smooth cordgrass marshes on the east coast.
Woodhous e, Seneca , and Broome (1974) reported an average density of 632
stems per square meter and an average height of 72 centimeters for 7

-
~ North Carolina marshes.

Laboratory tests show that germination response in California cord-
5 )  grass is similar to that of smooth cordgrass (Seneca, 1974’). California

cord grass seed should be harvested in late October and November and
stored in brackish water. Peak germination is reached in March , April ,
and May, and freshwater is a stimulus to germination .

It is difficult to describe wave env ironments where vegetative sta-
bilization is effective. There is no single theoretical way to determine
the formation of waves generated by winds in relativel y shallow water
(U.S. Army, Corps of Engineers , Coastal Eng ineering Research Center ,

• 1977). Fetch , windspeed , wind durat ion , and water depth are all major
determinants of wave climate. In addition , there are many phys ical and
biolog ical variables that must be known to relate wave climate to plant
survival. The tidal elevation associated with a particular set of waves
and shore topography greatly influence the stress placed upon plantings.
Also , the ability of the plant to withstand waves depends on its growth
stage , density, and vi gor , and the overall width of the planted area.

For this study, fetch was used to qualitatively describe wave climate.
The frequency and speed of onshore winds are also important to wave cli-
mat e analysis (Table 2). In general , the planting sites in this study
consisted of a shallow , gradual l y  slop ing of f sh ore zone in fron t of

• abruptly sloping banks. The success and failure of the California cord-
grass plan tings exposed to various fetches are summarized in Table 7 .

Seeds were the least tolerant to wave attack and had no apparent
value in establishing cordgrass for erosion control. Plugs are more wave-
resistant than sprigs but were not successfull y established on the
exposed sites. Sprigs and plugs may possibly be established on erod ing
banks if adequa te wave protection is provided .

Plug transplan ts harves ted from cordgrass-mussel communities are
extremely tolerant to wave activity. The ribbed mussels provide a mass
of f ine byssal threads that attach to the root system of the cord grass.
The compac tion of cord grass roots and dens e mussel emplacemen ts held
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Table 7. Summary of cordgrass planting results.

Site Fetch Plan t mater ials Effec tiveness
(km)

Alameda Creek
Areas

1 7 to 22 Seeds Failure
Spri gs Fa ilure
Plugs Fai lure

2 9 to 22 Plugs 1 Failure
Cord grass- Failure
mu ssel s

3 6 to 27 Cordgrass- Success2
mussel s

4 6 to 27 Cordgrass- Failure
- mussels

5 7 Cordgrass- Success
mussel s

-- 6 0.5 Seeds3 Success
Plugs 3 Success

Cord grass- Success
mussel s

Pond 3 0.5 Sprigs~ Success
San Ma teo 14 to 21 Seeds Fa i lure

Spr igs Fa ilure
- Plugs 1 Fa i lure

Point Pinole 4 to 11 Sprigs Failure
- Plugs 1 Fa ilure

~~i~lugs witi~~ iiid ~~~~~~~~~~~~~~~~ ~~~~~~~~~~5 2Plan ted in an established cordgrass-mussel mat.
3U.S. Army Engineer District , San Franc isco , 1976.
4Morr is and Newcombe , 1978.
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together by the hyssus threads prov ides an extremely firm , tightly bound
biotic community. Cordgrass-mussel bioconstructs survived (96 percent)
during the 13-month observation period at the Alameda Creek (area 4).
Th is was a h igh-energy area , expo sed to preva i l ing wind over a fetch of
6 to 27 k i lometers .  Uowever , it is unlikely that this planting will
provide long-term stability to the bank . The density of shoots within
the bioconstructs declined throughout the observation period . The plant s
at Alameda Creek (area 5) (7-kilometer fetch) have spread and will prob-
ably s t a b i l i z e  the shoreline .

The estimate that California cordgrass can be established by- plugs
in areas exposed to fetches of about 16 ki lometers  (Knutson , 1977) seems
to be overly optimistic. Plugs failed at Point Pinole despite the fact
that it was sheltered from prevailing winds and was exposed to a fetch

• of only 14 kilometers. The poor survival of all propagules except the
S cordgrass-mussel transplants suggests that California cordgrass is more

d i f f i c u l t  to e s t a b l i s h  on eroding shores than i ts  Atlantic coast counter-
part , smooth cordgrass. There is evidence that California cordgrass
does not grow and spread with ) the vigor of smooth cordgrass even when
planted in relatively sheltered areas. Plantings by the U.S. Army
Engineer District , San Francisco (1974) demonstrated that California
cordgrass requires 2 to 3 years to achieve densities comparable to
natural marshes in sheltered areas (U.S. Army Engineer District , San
Franc isco, 1976 ; Morris and Newcombe , 1977). Researchers have reported

• total cover in newly p lan t ed  smooth cord grass marshes w i t h i n  1 to 2
years (h~oodhouse , Seneca , and l3roone , 1974; personal communication , Dr .
E. h . Garhisch , Environmental Concern , Inc., St. Nichaeis , Mary land , 1978).
Additiona l evidence concerning the relative growth of California and
smooth cordgrass resulted from laboratory studies conducted in Vicksburg ,
Mississi ppi , by Barko and Smart (1976). California cordgrass plants
collected from the San Francisco Bay were compared with smooth cordgrass
propagules from L o u i s i a n a .  P l an t s  were grown at a s a l in i ty  of 24 parts
per thousand in sand , silty clay , and clay with an artificially main-
tained tidal regime . Table 8 shows a comparison of the biomass of the
two species after S months. Smooth cord gra ss growth was nearly twice
tha t of Cal i forn ia cord grass in sand , al though growth was more than n ine
times greater than California cordgrass in silty clay sediments and six

• times greater in clay sediments.

Despite apparent limitations , Cal ifor nia cord grass is suitable for
stabilizing relatively sheltered areas. Planting of sprigs and plugs is
likely to be effective only in sheltered coves , lagoons , and the mou ths of
tributaries unless the plants are protected from waves. However , cord-
grass-mussel bioconstructs can be successfully established in areas
exposed to fetches of up to about 7 kilometers.
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Table 8. Compari son of biomass of smooth and
Cal ifornia cordgrasses in laboratory
experimen ts (Barko and Smart , 1976).

Spec ies Ground Bioinass1 (g/m 2 
______

___________  
levels Sand Silty clay clay

Smooth Above ground 112 1 ,131 3,056
Cordgrass Below ground 143 773 1 ,614

Totals 255 1 ,904 4,670

California Above ground 36 83 390
Cordgrass Below grout d 109 112 355

Totals 145 195 743

1Means of two repl icates.

VII . CONCLUSIONS

1. At the end of the 1976 growing season (November), bioinass of the
aerial part s of 23 natural cordgrass marshes averaged 1 ,062 grams per
square meter. The average density of stems was 650 per square meter and
average stem height was 0.79 meter. This is comparable with measurements
made in smooth cordgrass mar shes in North Carol ina.

2. Seeding was not effective in stabilizing an eroding shoreline in
San Franc isco Bay .

3. Plugs were more tolerant to wave activity than sprigs; however ,
ne ither technique will stabilize eroding banks in San Fran cisco Bay
unless the plants are protected from wav es.

• 4. Plugs from cordgrass-mussel communities are the most useful for
bank stabilization in the absence of wave protection . Cordgrass-mussel
bioconstructs survived and spread during the 1-year study in an area
exposed to a 7-kilometer fetch . Further observation is needed to deter-
mine if this planting method will lead to long-term bank stability.
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