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ABSTRACT: The hypothesis that Typha domingensis (cattail) can invade tidal marshes only after soil salinities
are substantially reduced was tested experimentally by comparing the salt tolerance of seeds, seedlings, and plants
uthern California populations reached 100% in fresh water,
s from three coastal populations was lower than that of the

reared from rhizomes. ination rates for four
decreasing to 2% at 20%o.,| The salt tolerance of
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Salton Sea population. Sajt tolerance of plants grown in the lab did not increase with age for seedlingsup to 8 ¢
weeks old. Rhizome-bearing plants had greatly decreased growth at 10% and no growth at 25%. However, rhizomes !
of about 5% of the plants survived 9 months at 45%x [The seeds and seedlings are salt sensitive, which explains why .

" invasion into tidal marsh

Introduction .

two regions where streamflow is highly seasonal.
Typha orientalis, an ex-
otic to the region, is rapidly replacing the nati
marsh dominant, Juncus krpusii (Pen 1983; Broc
and Pen'1984). In southwestern United States, Ty-
pha domingensis, a native that is normally restricted
to inland wetlands, became dominant in an inter-
tidal marsh and replaced Salicornia virginica (Zedler
and. Beare 1986). In both| regions, alterations i
streamflow have been implicated as causing the
vegetation shifts. o
Above-average rainfall ipn winter 1980 and sub-
sequent reservoir discharge resulted in an unusy-

" ally long period of heavy stteamflow in the Sa
Diego River of Southern |California. Because of
. this, hypersaline soils (over|40%x) in the river flood-

plain became oligohaline for a longer period than
in previous years (Zedler and Beare 1986). Prigr
to 1980 the vegetation in the San Diego River salt
‘marsh had been an almost monotypic stand of Sali-

Typha domingensis Pers.
(cattail), a species commdnly found farther u
stream in freshwater habitats. The population per-
sisted through vegetative regrowth through 1986.

shes is restricted to prolonged/periods of low soil salinity. The older, rhizome-bearing plants
are salt tolerant, which explains how invading plants persist under hypersaline conditions. i
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We suspected that the invasion of Typha domingensis |
was the result of artificially prolonged streamflow,
rather than a natural phenomenon.

_This paper presents experimental tests of four '

* hypotheses concerning-T. domingensis and matsh
* soil salinity. 1) Because Typha established froni seed,

* than seedlings.

- ' cornia virginica L. (pickleweed). In 1980, the dom- .
! inant vegetation changed t :

1683

we hypothesized that salinity must ‘be reduced in
order for germination to occur. We expected that
seeds from various populations would differ in dalt
tolerance. 2) Because Typha does not normally oc-
cur in southern California coastal marshes (Zedler
1982), we h;g)othesized that low salinity- had! to
persist beyond the usual period of winter flooding

in order for seedlings to establish. That is, youn

seedlings would be sensitive to salt. 3) We expected- .
salt tolerance to increase with seedling age. 4) Be-
cause the Typha population at San Diego River
Marsh persisted vegetatively for several years tun-.
der tidal conditions, we hypothesized that plants
with rhizomes would have higher salt tol_craIce

Previous studies of Typha domingensis have ot

indicated tolerance to hiypersaline’ conditions. 'of, |

the three speci}

kiss and Dozier 1949). It has been observed gréw-'
ing in desert wetlands, often in saline sojls (Smiith -
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of Typha in California,XT. domin- |
gensis is thought to be the most salt tolerant (Hotth- | -
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1961). How'ard-W'illiams (1975) found that it could
erminate up to 217 mM of Na* (ca. 5% NaCl).
on Oertzen and Finleyson (1984) saw a significant
weight decrease in seedlings at salinities between

25°'and 50 mM NaCl (ca. 3%0) but no leaf wilting
or death. In vegetative shoots detached from par--

ent rhizomes, Hocking (1981) found slightly re-
duced growth at 50 mM NaCl (ca. 3%c) and severely
reduced growth at 100 mM (ca. 6%o). Theése studies
indicate that although germination will occur at

5%, growth is adversely affected at that concen-’

. tration.

Methods
GERMINATION EXPERIMENTS

Saline conditions present during seed formation
can result in seeds that praduce more salt-tolerant
plants (Waisel 1972; Hunt as reported in Snow
1982). Because of this, seeds for the germination
experiments were collected from four different

pulations and tested over a range of salinities
from 0 to 20%o. The four populations were 1) up-
stream in the San Diego River, 2) the salt marsh

- of the lower San Diego River, 3) San Elijo Lagoon,
_a coastal wetland 28 km north, where Typha has
" developed near street drains, and 4) an area where
a seasonal stream empties inito the hypersaline Sal-
ton Sea, 135 km to the east. The first habitat was
fresh, while the other three were brackish. Seeds

, were collected in late fall 1982 and stored dry at .

room temperature until use in spring and summer
1983. A large percentage of Typha seeds is infertile,
. so only those judged viable on the basis of shape
" (Mason 1957) were used in the experiments.
., Many studies of germination use NaCl in their
tests of salinity tolerance. Single salts.are generally
thought to be.more detrimental than a mixture of
salts at the same concentration. Because tolerance
to ocean salts was the object of this study, a'mixture
~ of salts simulating sea water (Instant Ocean brand)
was used with deionized water in all experiments.
Seeds-were scattered onto filter papers floating
on styrofoam disks (to keep them wet but not sub-
. merged) in treatment solutions. There were 33
. seeds per dish and 3 replicates per treatment. Cov-
_ered dishes were randomly assigned to a location
under a bank of 35-watt fluorescent lights. An au-
“tomatic timér provided 14 h per day of light at 60—
'70 uE m~? 5~1. Temperatures ranged from 20 to
30 °C. The initial experiment included treatments
at 0, 2.5, 5, and 10%, with the germinating seeds
counted periodically for one month. Because sub-
stantial germination occurred at 10%o, 2 second
experiment was conducted to extend the range of
salinities tested. A 10%o treatment was used to com-
. pare with ﬂi’:e initial experiment, and 15 and 20%o

o

- randomly assigned to pots, with 4 pots
ment. For each salinity treatment, Instant Ocean

o

: : g
treatments were added. Sefds were counted pe- -

riodically for 6 weeks to in¢lude any delayed ger-
mination caused by high salinity. The results from
both experiments were later/combined for analysis,
as thé 10%o treatments were not significantly dif-,

ferent. An,arcsine squareroot transformation was '

used to norrhalize the data prior to two-way‘analysis
of variahce i(BMDPSV. Dixon 1981).

SALT TOLERANCE OF SEEDLINGS |
{ . | . :
Salt tolerance is generally thought to Jncreasc

with age of halophytic plants. Seedlings|of four
ages (1, 2, 4 and 8 weeks) were used to determine

if this was true for Typha domingensis. Seeds were |

planted at intervals so that all were the proper age
for simultaneous salt treatment. Seedlings were
grown in University of California soil mix (equal
parts sand, peat moss, and redwood compost, plus
nutrients ahd lime) in four-inch plastic pots set in
standing water. They were arranged under 35-watt
fluorescent lights on a 14-h light-10-h dark sched-
ule. Temperatures ranged from 22 to 30 °C. Plants
were fertilized every other week with Miracle Grow

“plant food (15N:30P:15K). All pots were started

with 40 to 50 seeds and thinned to 25 plants prior
to treatment. Salipity treatments were 0, 10, 15,

20 and 25%o. Pots were randomly assigned to trays

and to position under the lights. Water levels were
maintained at the soil surface by adding deionized
water. ; ’ e 3

. SALT TOLERANCE OF
. RH1IZOME-BEARING PLANTS -

Salt tolerance of rhizdme—bearing salts of Typha'

domingensis was investigated experimentally using -

plants from the San Diego River Marsh.

April 1983, when plants were about 20 ¢m tall, 16

clumps of 5 to 8 ramets each were dug from the
marsh, immediately planted in 5-gal plastic nursery

pots and transported to an outdoor growing area '

at San Diego State University. Each pot was placed

Inearly |

in a container of tap water filled to the lével of the |

soil surface. Containers were arranged in two rows
on benches with some shading from a nearby tree,
but no overhead structures. Two weeks after trans-
plantation, treatments of 0, 25, 35 and 45%0 were
r treat-

was added tb the standing water to increase the

salinity by 5% per week. A graduaLinc}ease was |

used to simulate natural, seasonal soil salinity in-
crease and was necessary to prevent shock. Similar
experiments have used intervals of 10%o per week
(Pearcy et al. 1982) and 5%o per 8 'days (McMillan
1959). Because of the
treatmenits remained the same until week 5 when

the 25%o treatment was reached. Salt additions con- - '

|

dual increase, al salinity |




oo n—' == Salton Sea

——San Elljo Lagoon
. ewse=e=. S D, Riversalt mars

80
c
|2 60
[ B
£
E
¢ 40
R '
20
. .,
\i
N
0 25 5 10 i 15 20
: Salinity '

Fig. 1. Percent germination of seeds from 4 populations of
Typha domingensis at different salinity concentrations (%c). Two-
way analysis of variance results: populations F = 41, p = 0.0002;
salinity F = 44, p = 0.0002; interaction lh.s. '

tinued for 2 more weeks to ac[hieve the 35%o trea
ment and 4 more weeks to achieve the 45%o treat-.
ment. Water and soil salinities were checke
periodically. Tap water was added once a week t
maintain water levels and desired salinities throug
+ September 1983. ) '

Height and length of necr
tip have been found to be go

-

tic tissue at the lea
d indicators of salin
ity stress (Anderson 1977). Beginning one weel
ather,transplamation and continuing every othe
week until dormancy, thesel characteristics wer‘E
"méasured on each leaf of 5 plants per pot. As ne
' leaves were produced through the season, they wer
also measured. o
To test for rhizome survival, salinity treatments
were maintained through the first part of the 198
growing season, when only the 0%o treatment inj-

~ 8

| tiated growth. All pots were then’transferred to-

(o

fresh water and the number of live plants per p
was censused 3 months later l(September 1984).
' Results ‘ ‘

GERMINATION

‘Germination differed both 'with seed source and
salinity (Fig. 1). The Salton/ Sea population ha
. higher germination rates at all salinities. Removal

whessensasss S D. River upstreawL '
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-TABLE 1. Mean percent survival (n = 4) and standard error

for seedlings of four ages after one month at different salinity .

of these data fror}n the analysis eliminated the dif-
ference among populations. The San Diego River

_.salt marsh population does not appear tp represent
. an extreme for local coastal areas. Howevet, it'is

clear that differences can occur, and it may be that

~ "the desert environment and agriculturl leathates
. entering the Salton Sea have contributed tb, that

population’s higher salinity tolerance.

The effect of increased salinity was,
to decrease percent germination (Fi
dition, salts delayed germination. At
nation began one day after planting
almost 100% in one week. At 20%o,
weeks for the first seed to germinate an
for maximum (2%) success.

At the start of treatments, 8-week plants were
about 90 mm in height, 4-week were 35 mm, 2-week’ :
were 13 mm, and 1-week were 6 mm. Percént sur
vival was calculated after one month of treatment..
Contrary to expectation, the older plants|at the
highest salinities showed the earliest signs of dam-

age. Leaf tips began to dry and curl in fhe first few

days of the lexperiment. After one month, thése'
treatments had 100% mortality (Table 1).' Within
salinity treatments, survival of differerjt age plants
was similar, but younger plants (1-2 w ks?showcd
less leaf necrosis than older plants. At{the highest
salinity treatments, there were slightly more sur-
vivors for 'the younger than the older ‘seedlings.
Salinity tolerance clearly does not increase with age .
during the first 8 weeks. - = e,
SALT TOLERANCE OF

_ .| RHIZOME-BEARING PLANT; IR

Prior to salinity treatment, the maxifrium length
of leaf tip necrosis on field-collected plants was 2
mm, and leaf elongation averaged 18 cm wk!.
This growth rate increased. in contrqgl pots until
flowering occurred in late June. Thereafter, growth
continued under 0% conditions, but 3t gradually

i

i
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slower rates (Fig. 2). Once salinity treatment began " X
. in the remaining pots, there was a ra

eclinein .
growth rate and an increase in leat tip‘hecrosis.
Thus, even 5% was sufficient to slow Jeal elonga- -
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_treatments. . ! ! ! Y
| - - | i . Salinity Treatment (%o} .
(Week) 0 . 10 . 15 20 25
1 99(0.3) 24(1.7) 24(2.0) 17(1.0) 21(1.7)
-2 " 99(0.3) r4(l.5) 10(1.3) 13(0.9) 16(17)
4 100(0.0) 7(0.9) 7(0.9) 3(0.9) 1(0.8) -
8 98 (0.5) 9(1.0) 9(L3) - 0¢0.0) . 0(.0) ° |
= e
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.. aboveground strtlictur s in all salinity treatments

Fig. 2.° ﬂeaf elongation for mature plants grown in 1983

- without salt:(A) and with sqil salinities increased by 5% per

week (B, C,'D). The 25% treatment (B) was reached on June
3; the 35%0 treatment (C) was reached June 17; and the 45%o

. greatment (D) was reached July 1.

w".eek_,4, plants|had been exposed to 20%o
nd growth.rates averaged only 3 cm wk-1. Very

| little plant growth occurred after week 5 when the
5%o salinity treatment was reached. Because, of
his, comparison among the treatments for differ-
nces in growth rates Was not possible. However,
he plants were still green at this time, so salinity
ffects wefe measured ds leaf tip necrosis until.dor-
ancy. No plants in the treatment pots flowered.

i
|
i
1

ssue at the leaf tips was approximately twice as

| lowest (25%) (Table 2), By the end of August, all

t‘\t the end of 10 weeks, the amount of necrotic_
i

.fFreat at the highest treatment (45%o) than at the

.

~the number planted in April 1983. Shoot

‘by salinity, because growth rates slowed \with soil
.1984, those at all salinity treatments were still dor-
‘mant in Juneé 1984. Growth initiation was pre- |

_water in June 1984 was calculated by dividing the

plants survived when maintained in fresh water;

were completely brown, while those in fresh water
retained some green parts throughout the year. -
It is clear that rhizome-bearing plants are stressed

salinities as low as 5%v, and all aboveground struc-
tures had died by September 1983. While the plants
in fresh water began growing again in February

vented by soil salinities of 25%o and highEr.
Percent survival of plants transferred|to fresh

number of plants per pot in SeptemberJ 1984 by
initiated
in the 1985 growing season were not counted. All

there were 1.2x as many individuals as were plant-

- ed. Percent survival after 9 months of salinity fol-

- significantly different (Table 2).
{ I :

" . The experiments demonstrate tha

lowed by 3 months of fresh water was 999 at 25%o,

-10% at 35%o, and 5% at 45%o. Average heights of

plants at all salinity treatments and 0% Were not

Discussion

he salinity
tolerance of Typha domingensis variés with life his-
tory stage, as hypothesized. Seeds and seedlirgs are
more sensitive than older, rhizome-bearing plants.

Invasion into salt- marshes is restricted by the plant’s

Jleast tolerant stages, namely seed germination and .

seedling establishment. Salinity must drop and re-
main low until plants develop salt-tolerapce. The
duration of that low-salinity condition must be de-
termined to/'understand what normally prevents 7. |

| domingensis from becoming established in coastal

. i [ o I . '
TABLE 2. . Mean (n = 4) and standard error for the characteristics of Typha domingensis when grown a) at different
"+ 1b) after thci{r return tlo fresh water. . : oo © - : :

conclusion that low-salinity periods of 2 to 3 months

salt marshes. The following arguments support the

allow T. domingensis invasion and establishment.
Typha sp. produce between 60,000 and 125,000
fertile Seeds per pistillate spike (Linde et al. 1976).
The San Diego River salt marsh is less than 1 km
downstream from' several large stands of Typha
domingensis.i Considering such a substantial seed
| .
linities and '

|
-

_ Treatment (%)

v 1a) 'ﬂams Growil in Salinit ‘}'mlmer’u’ . : .
:, (DataatEnd of 1983 Growth) ¢ ' 0 - 25 D ‘ 45 ‘
: } ** Total leaf elongation (cm) 128 (9.2) 43 (4.0) - i 30(3.3) . 87429
’ ! . Leaf number per plant 5(0.3) 3(0.2) ©83(0.1) . : 3¢0.1)
~ Leaftip jnecrosis (cm) " 5(1.0) 10 (5.1) 0 16 (5.5) | . 2043.6) \
B . . ) ) . ' ‘ . .
© b) Same Plants| Moved to Fiesh Watgr - : Formér Treatment (k) -
(Data a1 End of 1984 Growth) - . 0 25 T , P oy
D Percent survival 121 (17.7) 99 (22.1) i 20(9.5) : 514.5)
210 (7.0) 175(17.8) 148 (0.0) 183¢0.0)

* Mean height of plants (cth)

-~

1

T T T YT Y T Y o
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. source, the low (L%) gerznina“l‘ion rate seen at 20%o

may not be a deterrent to invasion. The ability t
germinate, however, does not insure establish-
-ment. From observatiopns made during both th
germination and seedling ex eriments, lt{ls ‘clea
that salinity not only affects germination and seed-
lmg survival, but also seedling growth. A decreas
in growth is evident at salinitjes as low.as 5%o, an
it becomes pronounced at 10%.

.| did not tolerate an incréase in soil salinity. [nstead,
the older plants (8 weeks) showed the greatest salt
damage The explanation for this is sugg‘ested i

} Work by Bernstein and Hayward (1958), wﬂo point-

erance increases with age, pla'ms up to 8 weeks ol

to produce more aboveground growth, Thin whe

limiting, there is sever m_,urj For this reason th

suggest that younger plants, because they géneral y
have less aboveground mass (a higher root : shogt
ratio), are able to adjust better to increases in sa-

results of Sharma and Pradhan (1983), who found
that plants grown in saline Jareas have a higher

- may not develop until well after 8 weeks of growth.
Even the rhizome-bearing plants showed salinity

growth at 25%o, and leaf death above 25%.
- Rhizomes of Typha domingensis have previously
been shown to be the most salt-tolerant plant pa t
~ (Hocking 1981). Because rhizomes resprouted a
critical in developing salinity tolerance. However,
lings 20 to 33 cm tall (probably about 2 mont
old) have rhizomes that ar¢ only 3 to 4 mm n
diameter (Linde et al.' 1976). Lmde et al. (1976)
point out: that because of"
" would no appreciable food st rage at this time, a

they would Ee expected to be quite vulnerable o
injury. By the end of the first growing season Typha

of rhizomes that were already producing new. v

| -etative shoots (Smith 1961). So, sometime betwe n’

. -2 months of age and the end of the first grown g
season, rhizomes are formed.

We believe that continued survival requlr
casional periods of good growing conditions. T

: ! Typha population survived the high salinity yea s'

'of 1981-82 with little growth and flourished n
1983 (Zedler and Beare 1986). McNaughton (196
pointed out that even the more salt-tolerant coast al
stands of Typha included in| his study must grow
primarily during periods when the bays where they
grow are ﬂushed by freshwater runoff. Fleld ok

.curs four months later than normal. Pl
~ water areas in San Diego have been pbserved to

‘ - . begin growth in late February or early March'and
Although it is generally suggested that salt tol-

ed out that plants grown w1tll out water stress tend:

an increase in salinity auses moisture to lbecome-

linity than older plants. This is supported by the -

root : shoot ratio. This/suggests that salt tolerance = (Speth 1969) and all of the region’

stress, as indicated by ecreated growth at 5%o, no

ter salinity caused lea death, they appear to he: - important. : i

it is not clear when the'(hlzo es are formed. Seed-
heir small size the e :

* domingensis plants grown frogx seed had dense mats

;‘i j dnnaiSARfdor&u 189

- servations m 1984 in the San Diego River salt marsh

show that spring growth is not initiated at salinities
above 10 to 15%0. Our experiments |with plants
réared from rhizomes showed that a $-month pe-
riod is sufficient for Typha domingensis to grow and-
flower under favorable conditions, evén if this oc-

enter dorrhancy in late fall. The cli
to be favorable for growth for about
the year. |Thus, soil salinities of 0-

months of °
%o for any

. 3-month period between February and August

should allow normal leaf growth and amtcnance

ofa v1gordus population. . - .

Under natural condmons, ‘streamflo would de-
cline in April after winter rainfall end$, and Typha
would not be able to establish in intertiflal marshes.

" - Only the rélease of water from upstream reservdirs

would produce high streamflows through the

- growing season and allow invasion. |Streamflow
- managemént is thus important to the maintenance .
of the native halophytes.

In Southem California, salt marshes have been
reduced to less than 25% of their driginal arga
26 coastal
wetlands have been disturbed in variogs wdys. The

. remaining marshes provide critical habitat for sev-
» the Beld- .
ing’s Savahnah sparrow, depends ent rely on salt «

eral endangered species. One of the

marshes (with a preference for Salicorpiia virginica) .
for cover, nesting habitat, and feeding (Massey
1979). Thuis, conservation of natural regetation is

This work suggests several mana; gement rec-
*ommendauons for preventing Typha irfvasions else-
where in the reglon Major reservoir rejeases should

|be confined to brief periods, so that thq entire flood -

period (including natural ryrioff ) does not excéed
2-to 3 months. Major discharges of trjeated waste-
water should be restricted to the normal wet sea--

“|son. Dry season discharges should be limited in
' volume. In areas where Typha prevents reestab-

lishment of salt marsh spe ies, conty ol measures
should be consndered ’

v
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