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FOREWARD

The research efforts which led to the development of the marsh
management practices described herein and the publication of this
report were jointly funded by the California Departments of Fish
and Game and Water Resources and the U.S. Water and Power Resources
Service (formerly the U.S. Bureau of Reclamation). In addition,
The U.S. Fish and Wildlife Service and U.S. Soil Conservation Ser-
vice provided both technical assistance and manpower for these

efforts.

This report has béen included as an integral part of the Suisun
Marsh Management Plan prepared by the Suisun Resource Conservation
District as mandated by Assembly Bill 1717, the Suisun Marsh Pres-
ervation Act of 1977, and will be distributed to each owner of

private land in the Marsh.
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INTRODUCTION

Suisun Marsh is located adjacent to Suisun and Grizzly bays in the
Sacramento-San Joaquin River Estuary near the cities of Fairfield,
Cordelia, and Benicia, California. The most obvious wildlife re-
source of the marsh is waterfowl. The Marsh represents approxi-
mately 12% of all remaining natural marshland in California. It
is a vital wintering area for ducks of the Pacific Flyway. A
single aerial survey conducted in October 1974 recorded 1,128,035
waterfowl in the Marsh or 287 of the waterfowl in the state at
that time. Approximately 150 duck clubs own and manage 43,610
acres of the 57,310 acres of land area; the state and federal
government own the remaining 13,700 acres. In addition to water-
fowl, the Marsh supports well over 150 other species of wildlife

including some that are rare or endangered.

Suisun Marsh, in its present form as a brackish water marsh, is
also endangered. Increasing upstream water diversions by state
and federal water projects, municipalities, and irrigation dis-
tricts are reducing the freshwater flows which impede the intru-
sion of sea water and mix with it to produce an estuarine environ-
ment. It has been established that such diversions will increase
the magnitude and duration of saltwater intrusion into Marsh bays
and sloughs. Ecological studies conducted in the Marsh by the
California Department of Fish and Game (DFG) and the U.S.D.A. Soil
Conservation Service (SCS) have demonstrated that the application
of highly saline water on the managed wetlands would result in

vegetative changes that reduce the abundance of important waterfowl
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food plants and thus decrease the waterfowl holding capacity of
the Marsh. The preservation of the Suisun Marsh as a viable wild-
life area capable of supporting its present wide variety of plants
and animals, particularly waterfowl, is largely dependent upon
three factors: (1) water of adequate quality and quantity for
mar sh management purposes, (2) the widespread use of efficient and
effective marsh management practices, and (3) the retention of

tidal mudflats and marshes.

In 1977 the California State Water Resources Control Board (SWRCB)
adopted Decision 1485 which set stringent water quality standards
for the estuary surrounding the Marsh. These standards were recom-
mended by local, state, and federal conservation agencies after
nearly fifteen years of intensive research; research financed in
large part by the major water development agencies. As a result

of D-1485, the California Department of Water Resources (DWR) is
currently constructing a multi-million dollar system of water con-
trol structures designed to redistfibute water from the;Sacramento
River in a manner which will provide the managed wetlands in the

Marsh with water meeting the D-1485 standards.

The SWRCB was aware at the time it adopted D-1485 that the water
quality standards stipulated therein were adeqﬁate for marsh pro-
tection only if efficient marsh management practices were employed.
The SWRCB is responsible for ensuring the efficient and reasonable
use of the State's limited water resources. To that end, the Board
judged that the reasonable use of water in the Marsh required that

local landowners employ efficient marsh management practices.
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The purpose of this guide is to provide the basic information
necessary for the landowners in the Marsh to practice productive
marsh management. This guide incorporates the results of research

projects and the practical know-how of experienced marsh managers.

The primary objective of the management practices described herein
is to maximize waterfowl food production while maintaining a diverse

marsh flora capable of supporting the present wide variety of animal

1ife.
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WATERFOWL

Based on data provided by regularly conducted aerial surveys, the

pintail (Anas acuta) is the most abundant waterfowl species winter-

ing in the Marsh. The species composition of waterfowl using the
marsh changes continuously throughout the winter and from year to~
year. Table 1 shows the average fall populations of ducks using

the Suisun Marsh from 1971 to 1976,

Waterfowl populations in the Marsh peak in October and early
November when wetland habitat in the State is limited. 1In late
November and December much of the agricultural land in the Central
and San Joaquin valleys is flooded for hunting and/or leaching
purposes, and many ducks leave the Marsh to seek food in flooded
grain fieldg. By January, winter rains, and in some years floods,
have created millions of acres of newly flooded habitat in the
valleys and most of the waterfowl have left the Marsh not to

return until the following year.

gndéat;;bgﬁ, pintaids prefer to feed and rest in shallow, open ponds. |Photo
y D. Dic
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The shallow, seasonally flooded ponds of the Marsh attract pri-
marily shallow feeding species like the pintail and are known
collectively as puddle ducks. Deep-diving species such as the

canvasback (Aythya valisineria) and lesser scaup (Aythya affinis)

seldom frequent the managed wetlands, preferring instead to rest

and feed in the adjacent bays. In most years, diving ducks do

not constitute a major portion of the waterfowl wintering in the

Marsh.
TABLE 1.
Mean Monthly Waterfowl Use of Suisun Marsh
from October 1971 Through January 19765/

) October November December January
Species No. % No. % No. % | WNo. %
Pintail 445,391 84 282,970 84 244,808 78 63,801 76
Shoveler 18,731 4 18,733 6 29,808 9 7,844 9
Mallard 27,967 5 14,527 4 16,140 5 4,347 5
Widgeon 22,120 4 7,917 2 6,727 2 1,880 2
Teal (all) 11,966 2 6,033 2 12,380 4 1,670 2
Others 2,382 1 6,334 2 7,490 2 5,452 6
Totals 528,557 100} 336,514 100¢ 317,353 100 84,994 100
Geese (all) 1,426 100 9,552 100 11,264 100 5,607 100

a/ Field data from California Department of Fish and Game aerial

surveys.




VEGETATION

Vegetation surveys were conducted in the Marsh by the Department
of Fish and Game in 1959, 1973, and 1978. The surveys included
aerial color photography and cover mapping of the entire Marsh.
The plant associations were grouped into 12 categories. The acre-
ages and percentages of the cover types are shown in Table 2. The

minor differences in total acreage are the result of sampling error.

The reduction of saltgrass by over 50% from 1959 to 1978 is the
result of intensive marsh management efforts. Concurrent with the
decrease in saltgrass during this period were substantial increases

in both alkali bulrush (Scirpus robustus) and fat-hen (Atriplex

patula).

Tules (Scirpus acutus and S. californicus) increased from 1959 to

1973 in three major areas. Tule stands expanded in shallow tidal
mud flats as a result of siltation and in 1973 were estimated to
cover an area in excess of 2,000 aéres. Tules also increased in
drainage ditches as a result of prolonged spring flooding required
by alkali bulrush management. Prolonged spring flooding and in-
creases in channel salinities provided conditions which encouraged

tules to invade and dominate existing stands of cattails.

The increase in brass buttons (Cotula coronopifolia) from 1959 to

1973 was due largely to the discing of saltgrass stands. The same
is true of fat-hen expansion. Both plants readily invade disturbed
soils, particularly those at the higher elevations normally occu-

pied by saltgrass. The dramatic reduction of fat-hen from 1973 to
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1978 was the result of a severe drought. During the drought the
salinity of surface and scil water increased markedly and most
duck clubs remained flooded late into the summer to insure the
survival of alkali bulrush stands. Both conditions prevented the

growth of this annual plant.

Well over 90 percent of the vegetation occurring in the Suisun
Marsh is subject to man's manipulation. The remainder of this
reprort will describe various envirommental factors and marsh man-
agement procedures which may be employed to increase the abundance

of preferred waterfowl food plants.

TABLE 2.
Major Plants of the Suisun Marsh
1959, 1973, and 19782/

Acreage in Cover Type Percent of Cover

Cover Type 1959 1973 1978 1959 1973 1978
Pickleweed 13,247 12,989 17,992 24.8 24.5 33.7
Saltgrass 12,715 5,596 5,671 23.8 10.6 10.6
Alkali bulrush 3,245 6,815 7,020 6.1 12.9 13.2
Tules 2,873 7,814 5,934 5.4 14.7 11.1
Annuals 4,682 4,365 6,094 8.8 8.2 11.4
Crops 4,256 4,143 3,269 8.0 7.8 6.1
Cattail 2,394 1,425 A 4.5 2.7 0.9
Baltic rush 1,756 569 690 3.3 1.1 1.3
Brass buttons 1,117 1,919 1,943 2.1 3.6 3.6
Olney bulrush 532 238 71 1.0 0.4 0.2
Fat-hen 1,064 3,976 1,963 2.0 7.5 3.7
Misc. plants 4,043 258 558 7.6 0.5 1.0
Bare ground , 266 588 665 0.5 1.2 1.2
Ponds 1,117 2,286 1,043 2.1 4.3 2.0
Total 53,307 52,981 53,377 100 100 100

a/ Data from California Department of Fish and Game, Waterfowl
"~ Research Project.
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WATERFOWL FOOD PLANRTS

The major factors which make the Marsh attractive to waterfowl are

the widespread presence of water and the abundant sources of food.

With respect to the food supply, it is noteworthy that of the lggﬂ?ﬁgﬁ*
species of plants knows to occur in the Marsh, only about 20% .
regularly appear in the diets of ducks. Food habits studies con-
ducted by the California Department of Fish and Game in 1960 and

1971 established that the seeds from three plant species in partic-
ular provide the bulk of the winter food supply (George 1965 and
unpublished 1971). These are alkali bulrush, fat-hen, and brass
buttons. Waterfowl utilization of food plants was determined

through the calculation of a "use" factor. Waterfowl "use" was
derived by multiplying the percent frequency that each plant food

occurred in the sampled gizzards by the average volume that each

plant food constituted in the gizzards.

Alkali bulrush received higher seasonal use than any other water-
fowl food plant recorded in both the 1960 and 1971 studies. It
was the only plant that received a continuous high level of use

by the overall waterfowl population throughout the fall.and winter.
In 1960 and 1971, it was the major food of an estimated 887 of the

wintering ducks which included pintails, mallards (Anas platyrhyn-

chos), shovelers (Spatula clypeata), and green-winged teal (Anas

carolinensis), yet in 1959 it represented only about 6% of the

marsh vegetation, and 13% in both 1973 and 1978l/. The use of

1/ No vegetative survey was conducted in 1971.
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this plant is influenced strongly by three factors: (1) nearly
all of the areas where alkali bulrush grows are flooded for most
of the winter, thereby making it easily accessible, (2) under
favorable conditions, the plant produces large quantities of seed,
and (3) its seeds are resistant to decay and persist for several

years.

Brass buttons was rated second in overall use in 1960, thought 1t
constituted only 2% of the marsh vegetation. Waterfowl use of the
seeds from this plant occurs almost entirely in August, September,
and October. The tendency of the small seeds to windrow in mats
at the pond margins during flooding make the plant an especially
attractive food source. Waterfowl feed heavily on the leafage of
this plant in the winter from mid-December until their northern

migration begins in the spring.

Fat-hen was rated third in use in the fall of 1960 and second in
1971. Waterfowl use of this plant nearly tripled between the 1960
and 1971 surveys concurrent with a similar increase in plant abun-
dance. Fat-hen use occurs mainly in November and December. The
primary factor responsible for this pattern of use is believed to

be one of seed availability. TFat-hen stands tend to be located

s,

Y

at the higher pond elevations and are thereby inaccesséﬁie to water-
fowl until pond levels have peaked. Ducks feed both on free float-
ing seeds and seeds which remain on the mature plants. The latter

is accomplished by stripping seed heads exposed above the pond

surface.
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Cultivated barley (Hordeum vulgare) was rated a distant fourth

in use in 1960 and received virtually no use from ducks in 1971
despite the fact that the acreage remained about the same. Al-
though geese were not sampled in the food.habits studies, field
observations by biologists have determined that geese graze on
barley seeds and sprouts from late fall until they depart for

their nesting grounds in the spring.

Although pickleweed (Salicornia sp.) is heavily fed upon by widgeon

(Mareca americana) and saltgrass (Distichlis spicata) by shovelers,

the marsh area occupied by these plants far exceeds their relative

value to the overall waterfowl population.

Other plants recorded during the food habits surveys were mainly
upland herbs and grasses. Waterfowl use of these plants varies
considerably between duck species and years and is seldom signif-

icant in the Suisun Marsh.

The food habits information described above is based mainly on the
examination of gizzard contents although a limited number of crops
were also examined. Recent studies at Los Banos Wildlife Area in-
dicate that the use of gizzard analysis does not accurately reflect
the consumption of very soft food items such as invertebrates. Ex-
amination of crops at Los Banos Wildlife Area shows that insects
comprise a large proportion of pintail diets from December until the
birds depart for their breeding areas. Although no similar studies
have been conducted in the Suisun Marsh, it is reasonable to assume
that invertebrates are important food items here as well. Since
these organisms require relatively clean, well oxygenated water, it
is important that water be circulated continuously through marsh ponds.

-11-



WATERFOWL FOOD PLANT REQUIREMENTS

The two most important environmental factors controlling the dis-
tribution of marsh plants are the length of soil submergence and
soil salinity. Other important controlling factors include direct
habitat manipulation by man such as burning, discing, the applica-

tion of herbicides, and the regulation of spring water depth.

Tne following description of plant requirements is largely the
result of Mall's studies completed in 1969. Other sources will

be noted when appropriate.

Alkali Bulrush

Length of soil submergence is an important factor controlling the
distribution of alkali bulrush. Optimum conditions range between

7 and 8 months of nearly continuous submergence each growing sea-
son. Competition, principally from pickleweed and such upland
plants as saltgrass, increases rapidly as the period of submer-
gence is decreased. Pickleweed dominates marsh ponds that are
submerged for 6 months or less for several consecutive years.
Periods of submergence of less than 2 months appear to be completely
limiting to the survival of alkali bulrush. The various species

of cattail (Typha spp.) and "tule" (Scirpus acutus and S. Californ-

icus) obtain a competitive advantage in ponds that are submerged

for 9 months or longer.

Variations in the mean annual salinity of water in the first foot

of soil, the root zone, affect both competition from other plant
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species and growth and are additive to the effects of soil submer-
gence. The salinity of water, either standing surface water or
water trapped in the soil, is usually measured by electrical con-
ductivity. Conductivity is expressed as parts per thousand, Total
Dissolved Solids (ppt TDS). The conductivity of surface and soil
water is directly proportional to the amount of "solids" dissolved
in it. Thus, the greater the amount of '"solids" the higher the
conductivity. Sodium and chloride ions, which combine to form
common salt, are the primary constituents affecting the conduc-
tivity of water in the Marsh, although other ions are also present.
For comparative purposes the salinity of sea water is about 35 ppt

TDS.

Alkali bulrush is best able to compete with other plants when the

mean annual soil salinity is about 20 ppt TDS. For most dominant

stands of alkali bulrush a mean annual soil salinity of 20 ppt TDS
is the result of winter and spring soil salinities of less than 10
ppt TDS and summer salinities ofteh in excess of 30 ppt TDS. When-
ever mean annual soil salinity levels exceed 31 ppt TDS, in alkali
bulrush stands, pickleweed becomes the principal competitor. Annual
salinity levels below 10 ppt TDS result in a competitive advantage

for cattails and tules.

Although competition from other plants appears to inhibit the
presence of alkali bulrush when very low soil salt concentrations
are sustained throughout the year, it is essential that relatively
low salt concentrations prevail during the time of seedhead forma-

tion, normally from mid-April to mid-May. Optimum soil salt levels
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Athali bulrnush "nutgrass™) seed head. Abkali bulrush sced head and seeds {in
(photo by D. Dick) hand).  [Sodf Conservaition photo]

This excelfent stand oé aﬂhaﬂ& bufrush Ahouﬂd yLeld ovexr 1000 poundA of seed
per ache. {photo by D. Dick)
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during this period range from 7 to 9 ppt TDS. Several plots
sampled by Mall had soil salinities ranging from 7 to 9 ppt TDS
and produced seed weights in excess of 3,700 lbs/acre. Soil salt
levels between 10 and 14 ppt TDS may produce relatively minor
crops. If salt concentrations in the first foot of soil exceed
14 ppt TDS during May, it is unlikely that any significant seed

yield will be produced.

A germination study of alkali bulrush seed conducted by the Cali-
fornia Department of Fish and Game further indicates the impor-
tance of relatively fresh water conditions during the spring
(Rollins, unpubl.). Preliminary results indicated that as the
water salinity increases, the rate of seed germination declines
and the time required for germination to occur increases. This
relationship has been observed.by many other researchers during
similar studies. In this study, only 3% to 8% of the seeds
immersed in water with a salinity of 10 ppt TDS germinated during
a two-month test, while 91% of the‘control seeds in distilled
water germinated within 3 weeks. At 15 ppt TDS virtually no

germination occurred.

Fat-hen

Fat-hen is an annual plant and cannot survive when its roots are
completely submerged for long periods. Dominant stands of fat-hen
occur on soils where submergence ranges from 0-5 months in dura-
tion. Three months appears to be the optimum length of flooding.

The plant is a subdominant on sites submerged longer than 5 months.
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During November, most fat-hen stands are flooded, but after January

water levels rapidly recede and by mid-May most of the stands are

dry.

Delay of seedling establishment is a primary response to prolonged
submergence. Over half of the dominant fat-hen stands contain
rooted seedlings by mid-February and new growth appears in the
remaining stands during March and April (17% and 21%, respectively)

as water levels recede, exposing the soil.

Fat-hen usually oqcupies intermediate elevations within the marsh,
somewhat higher than brass buttons. It often invades recently
disturbed sites, and is thus one of the more transient marsh plants.
Fat-hen is most abundant at middle elevations because (1) as an
annual it is a poor competitor with established perennials and (2)
the middle elevations of the marsh are more vulnerable to gross
changes. such as changes in water levels, which allow for its

rapid invasion.

Dominant stands of fat-hen occur on sites with mean annual soil
salinities ranging from 13 to 49 ppt TDS, but appear to compete
best on soils with mean annual soil salinities of 20 to 30 ppt TDS.
The soil salinity of dominant stands is usually lowest during the
spring and averages less than 15 ppt TDS throughout the first foot.
Salinities increase rapidly from April throughout the summer months.
By mid-September soil salinities often exceed 40 ppt TDS. Mean
apnual soil salinities greater thaﬁ 30 ppt TDS appear to provide

saltgrass with a competitive advantage and soil salinities less

than 19 ppt TDS favor baltic rush (Juncus balticus) and several
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Right - Fat-hen
{"Lambsquantens" ).
Seed heads furn red
in the fatlf. Note
thiangular shaped
Peaves., (Sodd
Conservation photo]

Befow - Brass bulfons
are prolific seedens.
Note seedfings 4in
foreground. Iphoto
by D. Dick)




other species,

It is believed that the critical period for the survival of this
salt tolerant species is the spring. - Soil salinities present from
February through April are less saline than at any other time of
the year. It is during this period that seed germination occurs
and seedlings become established. Rainfall probably leaches the
top several inches of soil and provides a relatively fresh seed
bed, but to date no salinity measurements have been taken to
support this theory. Fat-hen stands have produced seed weights
greater than 3,600 lbs/acre in the Chadbourne Slough area (Miller
1975).

Brass Buttons

Brass buttons is a highly adaptable salt tolerant perennial plant
introduced from the Southern Hemisphere. It germinates early in
the spring like a winter annual and may also be found growing in
shallow water like a perennial aquatic plant. By mid-May, it is
in full flower, forming a thick yellow and green carpet. As the
ponds dry, the seed matures and most of the plants die. It reaches
optimum development in shallow ponds in the spring where winter
flooding has prevented the growth of annual grasses and summer
drought and moderate soil salinity have combined to restrict com-
petition from other submerged aquatic plants. It readily invades
areas where the soil has been disturbed by fire, grading, discing,

or levee maintenance.
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Brass buttons normally occupies middle elevations in seasonally
flooded ponds, but is also frequently associated with the lower
elevation marsh plants, such as pickleweed and alkali bulrush in
ponds that are drained, in February. Soils submerged for 2 to 4
months during the fall and early winter are the usual habitat for
dominant stands of brass buttons. Brass buttons is mainly a sub-

dominant whenever soil submergence exceeds 4 months.

Stands of brass buttons that are continuously submerged for longer
than 4 months demonstrate delayed maturation and seedling establish-
ment. Both conditions encourage competition from invading peren-
nials. The soil surface of most dominant growth sites is drained
by mid-February. Where brass buttons is subdominant on submerged
sites with alkali bulrush and narrowleaf cattail, seedling estab-
lishment and maturation is frequently delayed until March or April
when 42% and 24%, respectively, of the new growth occurs (Mall,

1969) .

Brass buttons produces luxuriant growth on about half of the dom-
inant stands during winter submergence beginning in November and
December. This late fall and early winter growth occurs in shallow
water less than 6 inches deep. Seed weights of nearly 50 lbs/acre
and green forage weights of approximately 1670 lbs/acre have been

recorded in the Marsh (Miller, 1975).

This plant is a dominant on soils with mean annual salinities
ranging from 9 to 30 ppt TDS, however, the optimum range is from
9 to 20 ppt TDS. From January through March the average salinity

in the first foot of soil is about 9 ppt TDS which increases to
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nearly 34 ppt TDS by September. It is apparent that dominant
stands of brass buttons require spring soil salinities of less

than 9 ppt TDS in the root zone, 6 inches deep and less.

Barley

Barley is a domesticated annual grass that has been planted pri-
marily on Grizzly Island Wildlife Area for many years. It is
moderately salt tolerant, withstanding soil salinities from 8-10
ppt TDS (Neely, 1960). Seed bed preparation and planting is re-
quired each year to ensure good seed production. Planting is
limited to high, well drained mineral soils. Rainfall is normally

the only source of moisture.

Watergrass and Millet

Watergrass (Echinochloa crusgalli) is an annual grass that occurs

in the Marsh only in areas irrigated with relatively fresh water.
The seed will germinate in brackish water, but seedlings will not
survive where the salinity is more than 5 ppt TDS (George et al.
1965). 1In fresh-water marshes it is gradually crowded out by
perennials, and cultural methods must be employed biannually to
perpetuate the plant in significant quantities. Black or Japanese

millet (Echinochloa crusgalli var. frumentacea), a close relative

of watergrass, requires annual planting and is considered to be
somewhat more salt tolerant. Only one stand of black millet is
known to have been raised successfully in the marsh. Both of these
plants must be planted in the late spring or early summer and both

require frequent irrigation to maintain proper salt levels.
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Watergrass produces excellent watenfowl feed, but requines fresh water and
summer Arndgation.  |photo by D. Dicki

Sago pondweed, seen on sutface of water at farn end of ditch, reguines peama-
neat fLooding. (Sodil Conservaiion pholo)
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Submerged Aquatic Plants

Vegetation surveys indicate that these plants are relatively scarce
and thus are not major food items in the Suisun Marsh. Studies con-
ducted elsewhere have determined that when abundant, both sago pond-

weed (Potamogeton pectinatus) and widgeongrass (Ruppia maritima)

receive heavy use by both puddle ducks and divers.

Sago pondweed is a wholly submerged aquatic plant, and considered
a perennial because it produces fleshy winter corms. It grows in
the permanently flooded ponds, ditches, and channels in the Marsh,
and is a desirable waterfowl food plant. All parts of the plant
are eaten. Food habits étudies have shown that many species of
ducks use it, particularly mallards and pintails early in the sea-
son (Mall, 1969). The tubers are a choice food of canvasback. It
grows in shallow water, one to six feet deep, and tolerates soil
salinities up to 9 ppt TDS for young plants and 12 ppt TDS for

mature plants (Christiansen, 1970). Carp (Cyprinus carpio) also

feed on the plant, often severely damaging stands to the detriment

of waterfowl.

Widgeongrass is a wholly submersed, aquatic herb that grows well
in brackish water. It occurs in the permanently flooded ponds and
ditches in the Marsh and is a favorite food of waterfowl. The
seeds, foliage, and rootstocks are eaten. Food habits studies
have shown that many species of ducks feed on it. It grows well
in ponds with a salinity range of 5 to 24 ppt TDS and has been
reported to tolerate pond salinities up to 45 ppt TDS (Simmons,

1957). Neely (1962) recorded its salinity range as 12 to 35 ppt



TDS. Joanen and Glasgow (1965) found that widgeongrass attained
maximum growth within a salinity range of 4 to 18 ppt TDS. Due

to its limited abundance widgeongrass is not an important food

item in the Marsh.
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MAJOR MANAGEMENT TYPES

There is a tendency among some biologists, engineers, and land-
owners alike to view the Suisun Marsh as a huge waterfowl manage-
ment area. It is, however, many other things as well. It is a
complex ecosystem that supports not only wintering waterfowl, but
also over 150 species of nongame birds, over 30 species of mammals,
and a highly diversified aquafauna. Any concept of optimum habi-
tat must, therefore, provide for a diversified plant community

to accomodate the needs of all the existing fauna.

The vegetative composition of the Marsh and thus its value to
waterfowl and other wildlife, is largely dependent upon the kind
of management programs employed by landowners and the salinity of
water used for flooding the duck ponds. The most common form of
poor management currently in evidence is the early drainage of
ponds with subsequent leaching. This condition often occurs on
clubs with poor water controls and ditch systems. The result is
the inadequate removal of salt deposited in the higher soils by
evapo-transpiration during the summer and the deposition of ad-
ditional salt in the undrained lower pond areas as trapped bay
water is allowed to evaporate. The gradual exposure of highly
saline soils as surface water slowly recedes, encourages the in-
vasion of salt-tolerant plants such as pickleweed and saltgrass.

These plants are of little value to waterfowl.

Fortunately, improved management practices have been developed
from intensive research efforts and more landowners are aware of

these improved techniques than ever before. Conscientious managers
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recognize the existing need to optimize the management of their
duck clubs, both to compensate for increasing channel salinities
and to provide waterfowl wintering habitat sufficient to compete

with expanding grain production in the Central Valley.

The four types of management described herein, and various modi-
fications of them, are the result of many years of research and

applied marsh management. Waterfowl food production can be im-

proved in virtually every area of the Marsh through the proper

application of one or more of these techniques.

Alkali Bulrush Management

Alkali bulrush is considered a particularly useful plant around
which to base future as well as present management practices be-
cause: (1) it is believed to be the most important food plant of
wintering waterfowl, (2) it is tolerant of late summer drying,
which is helpful to cattail and tule control as well as mosquito
abatement, (3) it reqﬁires a period of submergence lengthy enough
to inhibit pickleweed, (4) its salinity tolerance is such that it
does not require fresh water for maintenance, and (5) proper
alkali bulrush management, as recommended below, also promotes
the growth of fat-hen and brass buttons. The selection of alkali
bulrush as a target species does not necessarily result in the
complete eradication of other plant species and can result in a

mixture of important wildlife food and cover plants.

Water Management Schedule

The following water management schedule has been developed to
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produce dominant stands of alkali bulrush and subdominant stands
of other important waterfowl food plants such as fat-hen and brass
buttons. This management practice tends to retard the growth of
other less desirable plants such as tules, cattails, pickleweed,

and saltgrass.

It is important to remember that the plant composition of the
Suisun Marsh is related more to water management than any other
single factor. The length of soil submergence and levels of
salinity in the soil are factors which can_be managed to maximize
the production of waterfowl food plants. The schedule as presented
here, is meant to be used as a guide to maintain optimum conditions

for the production of alkali bulrush seed.

Hunting Season

September Begin filling ditches in September only if water
can be circulated in the ditches without flowing
into the ponds. The ditches must have a minimum
width of 18 inches and depth of 24 inches to
allow adequate circulation of the water. Do not

flood any pond surface.

October Flood the ponds as rapidly as possible to the
desired shooting depth of 8-12 inches. Maintain
this water level for the duration of the duck
hunting season. Circulate water through the
ponds with inlet and outlet gates set to allow
maximum flow through all ponds during the season.

The Solano County Mosquito Abatement District
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usually authorizes the flooding of ponds three
weeks prior to the opening of the waterfowl
season. Landowners will be notified each year

of the exact date.

Nov-Dec. Continue to circulate.

Leaching Cycles

January Begin draining ponds at or before the end of the
hunting season. Continue to drain the ponds un-
til the water level in the ditches is 12 inches
.below'the pond bottoms. This should be accom-
plished within 20 days. If this level is reached

in less than 20 days, begin to reflood immediately.

February The first drain should be completed by early
February depending on rainfall and delta out-

flow conditions.

Flood: Flood the fields and ponds to shooting
depth, (approximately 8-12 inches). This should
be accomplished within 10 days. Many clubs can
flood much faster than this. If shooting level
is reached sooner than 10 days, begin to drain
immediately. If there is a problem lowering the
water to a level 12 inches below the pond bottoms
within 20 days, use any days saved during the
flooding period to increase the length of the

drain period. Flooding and draining should be
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Mar-Apr.

Apr-May

June

accomplished within 30 days.

Drain: Repeat the drain as before making sure
that the water level in the ditches has been

drawn down 12 inches below the pond bottoms.

Repeat Flood-Drain Cycle. Flood to one-half
shooting level (approximately 4 to 6 inches).
This cycle must be completed as quickly as

possible. For mosquito prevention, it is

important that the pond bottom not be allowed

to dry out prior to reflooding for the seed-set
cycle, Ideally, this drain cycle should be
completed and ponds reflooded and water levels
stabilized and circulating prior to April 1.

If significant number of mosquitoes are produced
on clubs draining and flooding during April,
aerial spraying by Solano County Mosquito Abate-
ment District (SCMAD) may be necessary at the

expense of the offending clubs,.

Stabilize water level at one half normal shooting
depth (4 to 6 inches). Circulate pond water

rapidly.

Commence final summer drainage. Ponds should
be drained gradually until all pond water has
been removed by June 15. Ditches should be dry
or drained to a level at least 12 inches below
the bottom elevation of the lowest pond.
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The SCMAD has participated in the preparation of this management
plan and endorses this water management schedule to minimize the
production of mosquitoes. This plan is suitable for use on pri-
vate duck club land and all other lands owned by public agencies
managed as waterfowl habitat, and in normal weather cycles will

limit the production of mosquitoes if water levels are managed

properly. However, if adverse variations in water levels occur,

SCMAD may take action to abate any production of mosquitoes pur-

suant to the procedures set forth in the California Health and

Safety Code Sections 2274 et seq, at the property owners expense

whenever larvae and adult mosquitoes are found to be present in

sufficient densities to warrant control procedures.

The circulation of pond water is particularly important for the
following reasons:

(a) Circulation dilutes and removes surface and shallow sub-
surface soil salts depositedby evapo-transpiration during
the summer. |

(b) Circulation gradually freshens the pond water as channel

salinities decrease throughout the fall and early winter

months, thus improving the effectiveness of spring leaching.

(¢) 1t provides good conditions for aquatic invertebrates thus
providing waterfowl food and reducing the potential for
outbreaks of botulism.

(d) It retards the development of mosquito populations by
supporting aquatic insect preditofs;

(e) 1t tends to remove the discoloration and unpleasant odor

associated with decaying plant material.
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ALKALI BULRUSH
WATER MANAGEMENT SCHEDULE
* #* SEE D
K- HUNTING SEASON K LEACHING ¥ SET i
. CYCLES CYCLE
_ CIRCULATE
WATER , WATER |
+ 6"}—FLOODING LEVEL CIRCULATE
LEVEL . | | WATER
|
o | POND BOTTOM | | |
_ N %A\gco FLAT
DRAIN | DO NOT ALLOW “
-6 " WATER IN~ | “ POND BOTTOM TO a
WATER DRY !
DITCHES ONL/Y _ DRAIN ||WATER |AS
LEVEL 12" | Oy DEEP AS \JPOSSIBLE
,_cr<_ AUG | SEPT ooi NOV omn_ ,_>z_ _.,mm_ MAR | APR g»<_._cz

% Tne leaching cycles are calculated using a 10 day flood and 20 day aﬁmww period, however, many

clubs can accomplish one total flood and drain cycle in less than 30 days.
should be completed as fast as possible,

however, do not cut short the 20 day dirain

unless the water level in the ditches 1' below pond bottom.

** Tdeally,

The flushing cycles

period

stabilized water levels of the seed set cycle should be accomplished before April 1.

*¥% Any duck club planning to fluctuate pond water levels in April must notify the Solano County

Mosquito Abatment District of their intentions.
fExtra care is essential

breeding season.

dry out during April prior to reflooding for the seed-set cycle.

April is the beginning of the mosquito
to insure that the pond bottoms are not allowed to



Soil salinity remains nearly constant for approximately three weeks
following the final drainage and then begins to climb rapidly in
response to evapo-transpiration. The June drainage is an important
management tool as it produces dry, saline conditions during the
summer months that retard cattail and tule growth, increases the
rate of plant material decomposition, permits the use of mechanical

equipment and prevents the production of mosquitoes.

The water management schedule described above has proven effective
throughout the Marsh for producing good stands of alkali bulrush

and fat-hen. It is a very flexible plan and can be modified to

meet local needs. For instance, ponds that have low soil salinities
and cattail or tule problems should be leached only once and drained
in early May. If cattail or tule invasion is severe, leaching
should be omitted for one year and the pond drained immediately
after the hunting season. This procedure will increase the soil
salinity‘and retard or eliminate cattail and tule growth. Seoil
salinity, normally considered to bé a threat to waterfowl food

production, can actually become an ally if properly managed.

Resultant Vegetation

This management schedule is intended to produce a variety of plants
dominated by alkali bulrush. Pond areas that remain submerged un-
til late spring should be vegetated with alkali bulrush and the
aquatic form of brass buttons. The prolonged spring flooding re-
tards the expansion of certain undesirable plants such as saltgrass,
baltic rush, and pickleweed. Higher, drained areas should be

dominated by fat-hen and contain a variety of other plants such as
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dock (Rumex spp.), brass buttomns, annual grasses, and upland herbs.

Vegetation surveys conducted by the Department of Fish and Game
determined that dominant alkali bulrush stands contained a total
of 15 other plant species. Twenty-seven percent of dominant alkali
bulrush stands contained fat-hen and 37% contained brass buttons
(Mall, 1969). George (1961) concluded that dominant alkali bulrush
stands were composed of 75% alkali bulrush, 5% fat-hen, 17 brass

buttons, and 19% miscellaneous plants.

Cultural Practices

Ironically, good alkali bulrush management often produces stands
that are too dense. Dense unsubmerged bulrush stands are undesir-
able because they act as a wind break and delay seedhead shatter-
ing, prevent access to feeding ducks, break up the large open
water areas preferred by many waterfowl and increase crippling
losses. Three management procedures are commonly used to solve
this minor problem. Mowing dense stands either in strips or
entirely is highly desirable and is recommended as an annual prac-
tice. Discing strips in the vegetation or an entire stand is an
effective method of thinning and is longer lasting than mowing,
but is not recommended on a regular basis. Discing results in a
soft, muddy pond bottom, a condition that persists for several
years. Discing also tends to lower the elevation of the pond
bottom which may not be desirable in ponds that are already too
deep. Burning is useful in reducing or eliminating plant material
that has build up over many years, removing stands of undesirable

plants, and encouraging the expansion of fat-hen, but is not

-32-



recommended as a regular treatment for alkali bulrush stands,

The use of herbicides to control small, isolated stands of unde-~
sirable plants such as burs (Xanthium spp.), tules, cattails, and
baltic rush can be effective, but should be restricted to special
situations where normal cultural practices are ineffective or un-
desirable. Marsh managers wishing to use herbicides may require
a permit to do so and must contact the Solano County Agricultural

Commissioner.

Grazing is discouraged as a management tool. Cattle seem to favor
waterfowl food plants and, if not confined to a target area by
fencing, will consume large quantities of desirable plants. Severe
trampling of soft marsh soils often results from grazing and can |
increase turbidity of ponds and reduce plant production in the

effected area.

Alkali bulrush can be seeded in new ponds and ponds that are being
converted from some other cover type. The hard seed coat must be
softened and dormancy broken prior to sowing. This may be accom-
plished by soaking the seed in a solution of two parts fresh water
to one part household bleach for two to three days. The seed
should then be rinsed thoroughly in fresh water and allowed to
soak for an additional day to leach out the bleach. Prepared seed
should be sown in mid-April and submerged in 0-3 inches of water
at a rate of 30 pounds per acre. Newly seeded ponds should remain
flooded until mid-June. Pond water should be drained slowly to
provide a mud flat stage necessary for proper root development.

Managers should not expect much more than simply establishing a
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