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RELATIONSHIPS OF SEED BANKS TO PLANT DISTRIBUTION

PATTERNS IN A FRESHWATER TIDAL WETLAND!
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ABSTRACT

Study of seed banks, field seedling emergence, and survival of macrophytes in four zones
(steep bank—SB; gentle bank—GB; midbank—MB; high marsh— HM) along transects perpen-
dicular to a stream channel in a freshwater tidal wetland showed that many species are widely
distributed. Of the 35 species in the seed bank, 50% were common to all zones; of the 20 species
emerging in the field, 77% were observed in all zones. Density of seeds, seedlings, and mature
plants of most species, however, varied significantly with habitat. The seed bank of each zone
reflected the dominant vegetation of that zone. Most species, even those with high potential
for water dispersal, were not evenly distributed. Reciprocal transplants and survival persistence
data of dominants corresponded with their habitat preferences. Seed bank densities differed
from zone to zone (SB 1,717 m~2; GB 1,645; MB 2,730; HM 3,620). In all zones the maximum
field seedling density was less than the comparable seed bank one (SB 38% less; GB 33%; MB
46%; and HM 10%). These data, coupled with the higher proportion of the total seed bank and
total field seedlings occurring in the HM, suggest that the stream channel sites were more stressful
early in the growing season than the HM. Because of differential establishment and survival,
importance of a species relative to the rest of the vegetation may change with time and occurrence
of a species in the vegetation may greatly outweigh its importance in the seed bank or even the
seedling stage. Although seeds of annual species were numerous with seven species making up
85% of the seed bank, annual species comprised only about half of the species recorded in the
seed bank of each zone. It is not possible at our present level of understanding of seed banks
in the freshwater tidal marsh to predict vegetation change. Various combinations of species

attributes contribute to the zonation patterns observed in the freshwater tidal wetland.

THE ESTABLISHMENT and distribution of a wet-
land species are functions of 1) its life history
features, and 2) the environmental ‘sieve’ (e.g.,
no standing water or standing water) (van der
Valk, 1981). The nature of seed dispersal and
the persistent nature of the seed banks, inter-
acting with the degree of flooding, determine
the species which become established. The
vegetation dynamics of prairie glacial marshes
in long term drawdown cycles (van der Valk
and Davis, 1976, 1978) and the yearly com-
position of vegetation along lake edges in On-
tario (Keddy and Reznicek, 1982) show the
influence of such interactions.

In tidal wetlands where the inundation pat-
tern is daily rather than seasonal and the degree
of inundation is spatial rather than temporal,
different establishment requirements relative
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to standing water could contribute to the zo-
nation observed. Much of the work involving
tidal wetland species distribution has investi-
gated salt water systems where distinct zona-
tion patterns are determined by combinations
of flooding (elevation) and salinity interacting
with the differential competitive abilities of the
dominants (Adams, 1963; Gray and Scott,
1967; Clarke and Hannon, 1969; Kerwin and
Pedigo, 1971; Flowers, 1973; Mahall and Park,
1976a, b; Niering and Warren, 1980). Hopkins
and Parker (1984) examined the seed bank of
a California salt marsh in relation to zonation
patterns and found its role in vegetation dy-
namics to differ from those freshwater wet-
lands where disturbance or extreme seasonal
water level changes are characteristic. They
found that the low density, low diversity seed
bank reflected the composition of the domi-
nants and was the source of the occasional es-
tablishment of new individuals in a long lived,
perennial vegetation.

Freshwater tidal wetlands share with coastal
salt marshes the overriding influence of tidal
activity, but because salinity is not an aspect
of that influence, freshwater tidal wetlands have
high productivity, greater diversity, and, along
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the east coast of the United States, a large num-
ber of annuals which often are dominant over
large areas (Simpson et al., 1983). Zonation
patterns persist (Anderson, Brown and Rap-
pleye, 1968; Whigham and Simpson, 1975;
Odum, 1978; Odum, Dunn and Smith, 1979;
Simpson et al., 1983); but are less conspicuous
than in salt marshes because of the higher di-
versity, structural complexity, and the occur-
rence of certain dominants in several zones.
Our field observations in a freshwater tidal
marsh, which has been the focus of a number
of studies (e.g., Whigham and Simpson, 1975,
1976, 1978; Leck and Graveline, 1979; Simp-
son et al., 1983), noted the dominance of cer-
tain species in specific zones along stream
channels. In addition, an analysis of the seed
bank of this marsh showed high seedling emer-
gence of some species in soil from particular
areas (Leck and Graveline, 1979). Polygonum
punctatum, for example, was found in greatest
abundance in soils from sites flooded most reg-
ularly and for the longest periods of time, while
Polygonum arifolium was most abundant in
soils from higher sites flooded for shorter pe-
riods of time. Acnida cannabina seeds did not
occur in soil from the Typha site, yet were a
sizable component (26.1%) of the total marsh
seed bank. In contrast some studies report that
almost all wetland seeds float (Sculthorpe, 1967)
or are wind dispersed (e.g., Typha sp.) which
in turn suggests widespread and uniform dis-
tribution (McAtee, 1925; Kelly and Bruns,
1975). In this study we examined the seed bank
of a freshwater tidal wetland in relation to the
vegetation zonation pattern along a stream
channel. To this end we determined: 1) dis-
tribution of seeds in the seed bank (as measured
by seedling emergence) and of seedlings and
mature vegetation in the field; 2) survival of
seedlings and transplants; and 3) flotation po-
tential of seeds.

MATERIALS AND METHODS—The Hamilton
Marsh near Trenton, NJ covers an area of ap-
proximately 500 ha of which about 260 ha
make up the northernmost tidal wetland on
the Delaware River. Description of the vege-
tation (e.g., species composition, species dis-
tribution, phenology, and productivity), tidal
influence, and other characteristics of the wet-
land can be found in Whigham and Simpson
(1975) and Simpson et al. (1983). In fall 1978
the most apparent zones were the stream bot-
tom with Nuphar advena and Pontederia cor-
data, the gentle bank (GB) (Fig. 1) with Po-
lygonum punctatum, and the high marsh (HM)
dominated by Bidens laevis, Polygonum ari-
folium, and Impatiens capensis. Ambrosia tri-

AMERICAN JOURNAL OF BOTANY

[Vol. 72

3-5hr
1.5-2m

1-3br

To-25¢m HM

Fig. 1. A. Sectional diagram showing relationships of
transect plots to slope, tidal depth, and tide duration (SB—
steep bank, GB—gentle bank, MB—midbank, HM —high
marsh).

fida and Acnida cannabina seemed most com-
mon along the top of the stream channel (MB).

Plots were established prior to germination
in March 1979 to determine the species com-
position of the seed bank, field distribution,
and survival of seedlings. Five primary tran-
sects were placed at approximately 20-m in-
tervals perpendicular to the stream in a part
of the marsh where streambanks were steep on
one side (50-75° slope) and gentle on the other
(10-25° slope) (Fig. 1). Each of the primary
transects was dissected by four secondary tran-
sects 6 m long which were positioned as fol-
lows: a) 1 m above low slack water on the steep
bank (SB); b) 1 m above low slack water on
the gentle bank (GB); c) about 3 m beyond low
slack water on the crest of the bank (midbank
MB); and d) 10 m beyond the midbank in the
high marsh (HM). Along these secondary tran-
sects at meter intervals four 20 X 20 cm plots
were randomly selected, two for the seed bank
study and two for field germination and sur-
vival studies. These provided ten replicates,
two at each transect, for SB, GB, MB, and HM
zones.

In mid-March 1979, before field germina-
tion began, two intact soil blocks 20 x 20 X
5 cm were collected along each secondary tran-
sect for the seed bank study. Each soil block
was transferred to aluminum trays (20 x 20 x
5 cm) and placed in a greenhouse. The blocks
were maintained in a saturated condition and
seedling emergence was monitored every 2-3
days for 6 wk and weekly thereafter until 20
June 1979. The greenhouse was maintained at
18 C minimum temp., with ambient photo-
period and light intensity ~50% full sunlight.
Seedlings were removed as soon as they could
be identified to species. Those not identifiable
as seedlings were transplanted into pots. Two
trays with sterile soil were placed among the
samples to determine greenhouse contami-
nants which were not included in the data. The
seed bank data presented are based on seedling
emergence in the greenhouse. We are aware of
the problems inherent in this method (Major
and Pyott, 1966; Thompson and Grime, 1979).

Field germination and subsequent survival
were recorded every two weeks throughout the
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growing season, 14 March to 16 October, in
the remaining two 20 X 20-cm plots along each
secondary transect. Because of the nature of
the habitat and the interval between obser-
vation dates, it was impossible to follow in-
dividual seedlings. The data represent the total
for a given species on a given date and do not
include seedlings which germinated and died
during the interval.

Four replicate transplant gardens were es-
tablished to study survival of five annual species
in GB, MB, and HM zones along four of the
five transects. Seedlings were obtained in a lo-
cation where a given species was abundant.
Except for Acnida cannabina which were very
small, most seedlings had true leaves. Ten
seedlings each of Acnida cannabina, Ambrosia
trifida, Bidens laevis, Impatiens capensis, and
Polygonum punctatum were planted about 7
cm apart in rows about 7 cm apart. Placement
of species was consistent from garden to gar-
den. The garden areas were cleared of other
seedlings. Survival was recorded every 2 wk
until mid-September.

In late July and mid-October field species
composition was evaluated using two 0.5-m X
0.5-m quadrats placed on undisturbed portions
of each secondary transect giving ten replicates
for SB, GB, MB, and HM zones. Within each
quadrat, density (July) or cover (October) and
frequency of each species were determined.

The potential for seeds of six annual species
to be dispersed by water was examined by de-
termining flotation time. Twenty-five seeds (4—
5 replicates) were placed into a glass dish (5
cm high X 10 cm diam) containing 100 cc of
deionized water within 24 hr of field collection.
The contents of each dish were stirred slowly
for a brief period (20 sec) and the number of
floating seeds counted at hr intervals for 6 hr
and daily thereafter. Viability was not deter-
mined, but only seeds which appeared sound
were used.

Nomenclature follows Fernald (1970). The
exception is Zizania aquatica var. aquatica L.
which follows Dore (1969).

RESULTS—Seed bank study—Ten species,
seven annuals and three perennials, accounted
for 92.8% of the total number of seedlings ger-
minating in soils from the four freshwater tidal
marsh zones under greenhouse conditions (Ta-
ble 1). These were Bidens laevis (28.9% of total),
Callitriche heterophylla (28.3%), Acnida can-
nabina (13.2%), Pilea pumila (5.4%), Typha
latifolia (4.6%), Polygonum punctatum (3.4%),
Polygonum arifolium (3.2%), Impatiens ca-
pensis (2.3%), Sagittaria latifolia (2.0%), and
Juncus sp. (1.5%). Only four species were evenly
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distributed (x2; P < 0.01; Table 1). Two uni-
formly distributed species, Callitriche hetero-
phylla and Pilea pumila, were not dominant
components of the vegetation (Whigham and
Simpson, 1975; Parker and Leck, pers. ob-
serv.). Bidens laevis and Typha latifolia were
the only dominant species whose seeds were
uniformly distributed across all zones (Table
1). Generally, however, the importance of
species, as determined by numbers and/or fre-
quency, varied from zone to zone but only
seven species (Acnida cannabina, Bidens lae-
vis, Callitriche heterophylla, Impatiens capen-
sis, Pilea pumila, Polygonum arifolium, Po-
lygonum punctatum, and Typha latifolia) were
ranked among the five most numerous in all
zones (Table 1).

Duncan’s Multiple Range Test (Kramer,
1956) showed the following significant (P <
0.05) site-seed bank differences: Acnida can-
nabina—MB from HM and GB; Bidens lae-
vis—HM from SB, GB, and MB; Callitriche
heterophylla—MB from SB; Impatiens capen-
sis—HM from SB, GB, and MB; Peltandra
virginica—HM from SB; Polygonum arifo-
lium—HM from SB; and Sagittaria latifolia—
MB from GB. Ambrosia trifida, Gratiola ne-
glecta, Pilea pumila, and Zizania aquatica var.
aquatica showed no significant site differences,
often due to large sample variability or very
small sample size.

Seedlings of most species, however, were
most common in a given zone or zones. For
example, only 5% of Acnida cannabina seeds
occurred in the HM while 75% occurred in MB
and SB zones. Polygonum punctatum seeds
were completely restricted to the stream bank
zones with 54% of its seed resources in the GB
samples. For Bidens laevis (68%), Impatiens
capensis (54%), Polygonum arifolium (54%),
and Typha latifolia (45%), most seeds were in
soils from HM sites.

In addition to these patterns, the total den-
sity of seeds differed by zone. The SB and GB
sites had the fewest seeds, 1,715 + 195 SEm~2
and 1,645 + 373 SEm~2, respectively. MB had
2,730 £ 630 SE m~2 and the HM averaged
3,620 = 514 SEm~2. ANOVA showed that the
HM seed bank had significantly more seeds
than the othersites (P < 0.01), but the variance
was too great for the MB seed bank to be sta-
tistically different from SB or GB. These trends
remained whether annuals and perennials were
considered separately or together.

Thirty-five species, 18 annuals, 15 peren-
nials, and 2 woody species, germinated (Table
1). The number of species varied from 20 in
GB samples to 26 in MB samples. Thirteen
species were present in all four zones, three
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occurred in three zones, four in two zones, and
11 species occurred in only one zone.

Field establishment and success—Maximum
numbers of seedlings found in field plots (Table
2) were less than totals recorded from the seed
bank study (Table 1); 10% less for HM, 23%
for GB, 38% for SB, and 46% for MB. Twenty
species, 12 annuals and 8 perennials with a
range of 16 to 18 species per zone, were re-
corded. Fourteen species occurred in all zones,
one in three zones, two in two zones, and two
in one zone. The ten most numerous species,
nine annuals and one perennial, accounted for
93.6% of the total maximum seedling counts
(values do not account for seedling death).
These were Bidens laevis (50.1% of total), Cal-
litriche heterophylla (11.4%), Acnida canna-
bina (11.1%), Gratiola neglecta (5.8%), Im-
patiens capensis (5.3%), Polygonum arifolium
(3.7%), Polygonum punctatum (2.6%), Pilea
pumila (2.5%), Sagittaria latifolia (1.5%) and
Zizania aquatica var. aquatica (1.3%).

Only four species were evenly distributed
(Table 2). Of the ten most numerous species,
Callitriche heterophylla, Pilea pumila, Polyg-
onum arifolium, and Sagittaria latifolia had
similar numbers of seedlings in all zones, but
even these tended to be more common in cer-
tain (higher, wetter, lower) sites. Gratiola ne-
glecta, Pilea pumila, and Polygonum sagitta-
tum had similar frequencies in all zones.
Generally, as in the seed bank studies, the im-
portance of a species, as determined by num-
bers and/or frequency, varied from zone to
zone. Two-way ANOVA showed significant
(P = 0.05) variation in density by site, by
species, and by both site and species.

Duncan’s Multiple Range Test (Kramer,
1956) showed the following significant (P <
0.05) site-seedling differences: Acnida canna-
bina—HM from SB, GB, and MB; Bidens lae-
vis—HM from SB, GB, and MB; Gratiola ne-
glecta—MB from HM; Impatiens capensis—
HM from SB, GB, and MB; Peltandra virgin-
ica—HM from GB; and Polygonum puncta-
tum—GB from HM; Ambrosia trifida, Callitri-
che heterophylla, Pilea pumila, Polygonum
arifolium, Sagittaria latifolia, and Zizania
aquatica var. aquatica showed no significant
site differences, often due to large sample vari-
ability or small sample size.

Total seedling density increased from March
until late April to early May. The number of
seedlings declined thereafter, especially in the
HM habitat where densities dropped from
~3,000 seedlings m~2 in late April to 300 m~2
by mid-June (Fig. 2A). Seedlings of perennials
were not present in high numbers (max. 48 +
13 m™2) and did not survive to August (Fig.

AMERICAN JOURNAL OF BOTANY

[Vol. 72

2A). As in the seed bank, the HM had signif-
icantly greater numbers of seedlings (3%, P <
0.001) than any of the other three zones, and,
although the MB had slightly higher numbers
than SB and GB, the three were not statistically
different. Maximum seedling densities for SB
(678 = 139 m~2) occurred on 10 May, for GB
(873 = 192 m~2) on 16 May, for MB (1070 +
236 m~2) on 10 May, and for HM (2,843 +
365 m~2) on 26 April. All zones had approx-
imately similar densities from mid-June until
the end of August (Fig. 2A). Compared with
other dominant species ten times more Bidens
laevis seedlings were found in the HM where
peak seedling density reached 2,503 + 354 SE
individuals m~2 and remained at significantly
higher density (P < 0.001)until early July (Fig.
20).

Comparison of survival data for five selected
annuals (Fig. 2B-F) shows that, although seeds
of each species germinated in all four zones,
by July some were more successful in estab-
lishing populations in certain zones than oth-
ers. For example, Acnida cannabina and Po-
lygonum punctatum were more successful in
SB, GB, and MB sites with Polygonum punc-
tatum surviving until the end of the growing
season only in the GB habitat. Bidens laevis,
however, while a substantial component of the
vegetation in all zones for most of the summer,
persisted to the end of the growing season only
in the HM and was severely limited in its growth
and reproduction outside the HM (personal
observation). Impatiens capensis survived
through the growing season only in HM sites
although present in limited numbers in the MB
in October (Table 3). Early in the season, Po-
lygonum arifolium had similar population den-
sity in all zones, but persisted in three zones
until late August and to mid-September only
in the MB. Late season vegetation analysis,
however, confirms its continuing importance
in all zones (Table 3).

For Acnida cannabina, Bidens laevis, Im-
patiens capensis, and Polygonum punctatum,
maximum seedling densities (Table 2) and sur-
vival (Fig. 2) appear related. The bulk of Ac-
nida cannabina germination (97%) occurred
along the stream bank (SB, GB, MB) and little
on the HM, and survival was best in SB and
MB zones. The highest density of Polygonum
punctatum seedlings was observed in the GB
zone, and subsequent survival was also best
there (Fig. 2F). Over 75% of Bidens laevis and
Impatiens capensis germination occurred in the
HM, the zone where survival was best. In con-
trast, Polygonum arifolium appeared to ger-
minate equally in all sites and survived well in
all sites (Fig. 2E, Table 3).

Examination of persistence of each species



167

(10°0 = d *X) souO0Z J[e Ul paInqLIsIp AJULIOJIUN $2103dS 4
‘(0¥ = N) saus [e 1e s10[d [[e uo paseq Aduanbaig o
(1L0°L) S3uI[pass JO JoqUINU [B10} S} 0} JANB[AI JUIDIY] «

PARKER AND LECK—WETLAND PATTERNS

SOv ¥ €97°¢ 16 F OLY'1 122 ¥ 0LT1 P81 F 890°1 ¢-ul S3uI[pads [BI0L

L1 91 91 81 sa1oads [e10L,
o1 70 I>%1) ¢F¢ (>‘€) §¥¢ a>91) €¥¢ Y10
(]9 90 a>T 9 F¢I (1> 8 Fo0I > v+8 (> 8 Fo0I1 (d) sesapiPquI)
(94 (1>91) ¢¥¢ (d) seourwrern)
S 10 (a>91) €¥F¢ a>91) €¥¢ (d) oes3yONID

S¢ €1 (1°9) €T F s¢ (1‘01) 01 F 61 - (T6) LT ¥ og a><2T) 8 Fo0I Do1DNbY
“IBA DO1IONbY DIUDZIZ
o1 70 (I>91) €F¢ a>%1) v¥8 (d) prjofuw] vydd |
St Sl (> ‘11 71 ¥ 81 (€°8) v1 + 8¢ (o) 11 F¢T @11) €1 F €T (d) viofiiv] vIDNSEDS
«S1 €0 a>%1) s¥¢ (a>‘€1)) €F¢ (I>91) ¢€F¢ (a><1) €F¢ wnwidos winuoddjod
8L 9T (> 71 ¥ (€°L) €1 Fsp (L‘S) €T F 88 @T6) v1 ¥ ST wnpound wnuoddjod
$9 L€ €v) 91 €8 (§‘9) 9y F 5L (€°L) 6T F¢p (§°¢) ot F 8§ winiofiiv wnuosdjod
«SL (%4 (19) €1 ¥ ¢¢ (LS) 6V F L6 (L9) s€ 08 (§9) 91 ¥ 0§ pjrund vajid
8¢ €1 (a1s) 91 Fsv a>-“1) 9FzIl (I>‘€1) §F¢ (€8) € Fo0¢ (d) ponpsaa vipuvjjad
sz 10> (I>61) €F¢ (d) vuaapp avydny
0s €S (8°7) 96 F 89T (T‘6) 81 ¥ 0O¢ (€°8) 1T * 8¢ ¥ T+ op Sisuadvo suaypdui]
«SL 8'S (1°9) 61 F €€ @1‘Y) €5 F €Ll 6‘v) s¢ + 811 8v) LT F€8 D122]82u DjO1IDLD
€1 ¥'0 (> ‘1) o1 ¥ €1 (I>‘€n s¥¢ (I>‘€1) §F¢ a>91) €F¢ "ds pinosn)
€8 y1l #‘e) 69 F 8€1 910 6V ¥ €T (0T 7) 76 + 8ST Lt 6v * 8LI D)jAydo.t21ay ya31iv>
«001 1°0§ (LL 1) 18€ F 0TS‘T (9€ ‘1) 1€T F €78 Oz ‘D11 F 82¢ 91 ‘¢) Ly F OLI S142p] suaplg
81 90 (I>1 €¥¢ (11D €1 ¥ 61 @T‘6) €1 FsT DpIfiay DISOLQUULY
€8 I'Tl %I> ‘6) SI ¥ 6T b1 ‘€) €11 F S0T (%81 ‘€) €S F 8T (%0€ ‘11) T8 F STE DUIGDUUD) DPIUDY

a(%) "barg (%) ouepunge WH an a0 s sa10ads
aAnePy s

February, 1985]

(Sjonuup a4v siayjo ‘Ajtunf o1 Ajuo payfiyuapr asoyy Ajqissod 1daoxa [p1uuaIdd = J) SasayIuaind Ul uaA18 aiv |DJO] IS fO G puv 311S YoV2 I $3102dS D _fO HUDY
(01 = N) Sans (WH) ysivw ySry puv ‘(gW) yuvgpuu (g0) yuoq ajauasd (gs) yunq daais ui paipio] sioyd pjaiyf ur paaiasqo (S F ;-w) sSuljpaas Jo soquinu wnuixopy ‘7 318v L



168 AMERICAN JOURNAL OF BOTANY [Vol. 72

50007 A . B
/’-"O'O‘O\ totals Acnida cannabina
© o
1000
™~
1
Z 100}
2’ s
@]
z
10f
50007p C D ) .
Bidens laevis Impatiens capensis
“Oo.
/ o\
1000F o ° -
[ "A-A\\
¢ //D’D.G\‘Bo 27N
= 100} l‘/lj . ‘2\0 i o/ \o
- VAR [\
2 3 ° N \ P O/ 9
o \ ! \
E . AN oﬁ-g‘o °~o
A / \D » \0
AL ZANSIAN
10p . R} o— b o L s
\ \
3 o—9 o \ >—d-< o
A M J J A S O A M J J A S O
F
Polygonum arifolium Polygonum punctatum
100 ¢ r
L O»\q" N /EL ‘o-o—o
O-0, a
,/D(‘naia\ ./ti,\:' \U\
1% R ‘7) 3¥"’~x< N
N 07N T e e a
10 ; o -\ b I q \,_._, \

INDIV. M~2
>3
e/
7
/'
o

A MJ J A S O A MJ J A S O

MONTH MONTH

Fig. 2. Seasonal pattern in numbers of individuals (m~2) found in steep bank (@), gentle bank ({J), midbank (A),
and high marsh (O) zones (n = 10). A. shows site totals and numbers of perennials found in the field. Individual species

are also illustrated: B. Acnida cannabina; C. Bidens laevis, D. Impatiens capensis, E. Polygonum arifolium; and F.
Polygonum punctatum.
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TaBLE 3. Field vegetation analyses for 24-25 July and 12 October 1979 in four marsh sites (SB—steep bank,
GB—gentle bank, MB— midbank, and HM—high marsh). + indicates that the species was present, but did not
contribute to density or cover estimates. (P indicates perennial species)

Site

SB MB HM
Relative Relative Relative Relative Total
Species density Freq. density Freq. density Freq. density Freq. freq.*
% RELATIVE DENSITY AND FREQUENCY (24-25 JuLy 1979)
Acnida cannabina 33.6 80 26.9 70 11.7 70 0.7 10 58
Ambrosia trifida 0.4 10 1.4 20 10.4 40 2.1 20 23
Bidens laevis 23.7 90 19.8 70 28.1 80 47.8 50 73
Gratiola virginica 1.9 10 1.4 10 0 0 0 0 S
Impatiens capensis 0.4 10 0.7 10 9.8 50 32.1 80 38
Peltandra virginica (P) + 10 0 0 0 0 0 0 3
Pilea pumila 39 50 0.7 10 3.2 10 1.4 10 20
Polygonum arifolium 24 40 2.1 20 14.3 50 14.2 50 40
Polygonum punctatum 28.2 100 39.7 90 13.0 50 0 0 60
Polygonum sagittatum 0 0 0 0 0.6 10 0 0 5
Zizania aquatica var.
aquatica 2.4 30 6.3 60 8.4 50 1.4 10 38
Other + 0.7 10 + 5
% RELATIVE COVER AND FREQUENCY (10 OCTOBER 1979)

Acorus calamus (P) 0 0 1.3 10 0 0 0 0 3

Acnida cannabina 1.9 10 1.9 10 1.4 10 0 0 8*
Ambrosia trifida 0.6 10 0 0 4.9 20 7.1 20 13
Bidens laevis 8.2 30 5.1 30 18.3 60 18.8 40 40
Impatiens capensis 0 0 0 0 4.9 10 18.3 50 15
Nuphar advena (P) 8.8 50 5.7 30 49 40 + 10 33
Peltandra virginica (P) 0.6 10 0 0 0 0 1.2 20 8

Polygonum arifolium 36.6 80 37.6 90 41.5 100 48.4 90 90*
Polygonum punctatum 31.9 50 43.1 60 9.8 50 0 0 40
Polygonum sagittatum 0 0 0 0 7.2 20 1.2 10 10

Sagittaria latifolia (P) 8.2 30 2.5 20 4.2 20 2.7 20 23*

Typha latifolia (P) 0 0 2.4 10 1.4 10 0.6 10 8*

Zizania aquatica var.

aquatica 0 0 0.1 10 0 0 0 0 3
Other 0 0 0 0 1.4 10 1.7 20 8

= Total frequency based on all quadrats for all sites (N = 40) for each date. Frequency for each site based on N = 10.
* Species uniformly distributed in all zones (x2, P < 0.01).

in field plots also reflects differences in the abil-
ity of species to survive (Table 4). Two-way
ANOVA showed persistence to vary signifi-
cantly (P < 0.05) by species and by both site
and species but not by site alone.

Duncan’s Multiple Range Test (Kramer,
1956) showed the following significant (P <
0.05) site-persistence differences: Acnida can-
nabina—HM from SB, GB, and MB; Ambrosia
trifida—HM from SB; Bidens laevis—HM from
SB and GB, and SB from MB; Callitriche het-
erophylla—HM from MB; Gratiola virginica—
HM from GB and MB; Impatiens capensis—
HM from SB, GB, and MB; Polygonum punc-
tatum—GB from SB, MB and HM, HM from
MB, and HM from SB. Peltandra virginica,
Pilea pumila, Polygonum arifolium, Sagittaria
latifolia, and Zizania aquatica var. aquatica
showed no significant site-persistence differ-
ences due to small sample size. As might be
expected, the dominants of a given zone often

survived best there, e.g., Impatiens capensis in
the HM, Acnida cannabina in the SB, and Po-
lygonum punctatum in the GB. Others, such
as Callitriche heterophylla and Pilea pumila,
made up a substantial portion of the seed bank
(Table 1), but did not persist as well as the
dominants, perhaps indicative of an earlier
flowering pattern or a suboptimal habitat. Zi-
zania aquatica var. aquatica, often a codom-
inant(Whigham and Simpson, 1975), and Gra-
tiola neglecta flowered early and did not have
long persistence. Except for Peltandra virginica
in GB sites, seedlings of perennials also did
not persist for long periods. Polygonum ari-
folium seemed to persist relatively well in all
zones and its importance, relative to other
species, increased at the end of the season (Ta-
ble 3).

Independent measurements of field domi-
nance based on density or cover and frequency
(Table 3) related well with the seedling and
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TABLE4. Species persistence (% of sampling periods pres-
ent) in field plots in steep bank (SB), gentle bank (GB),
midbank (MB) and high marsh (HM) sites. Sampling
occurred on 13 dates, usually at 2-wk intervals

Site

- Species SB GB MB  HM
Acnida cannabina 54% 44% 48% 23%
Ambrosia trifida 48 23 31
Bidens laevis 42 53 61 78
Callitriche heterophylia 38 32 45 35
Cuscuta sp. 8 8 8 8
Gratiola neglecta 23 25 30 15
Impatiens capensis 15 27 62 68
Nuphar advena (P) 8
Peltandra virginica (P) 19 46 15 20
Pilea pumila 25 19 25 20
Polygonum arifolium 42 38 48 42

Polygonum punctatum 47 74 36 23
Polygonum sagittatum 12 31 12 15
Sagittaria latifolia (P) 18 12 17 21
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survival data, but, in addition, comparison of
July and October values showed the change in
importance (based on relative density or cover)
in species during the season. In July, for ex-
ample, the important species in the SB sites
were Acnida cannabina, Polygonum puncta-
tum, Bidens laevis, Pilea pumila and Polygo-
num arifolium, while in October they were Po-
lygonum arifolium, Polygonum punctatum,
Nuphar advena, Bidens laevis, and Sagittaria
latifolia. Acnida cannabina, and Zizania aqua-
tica var. aquatica, were both important in sev-
eral zones during July, but had declined con-
siderably by October. In contrast, Polygonum
arifolium and several perennials increased in
importance from July to October. Most species,
however, remained relatively the same.

Analysis of vegetation data (Table 3) for ran-
dom distribution (x% P < 0.01) showed no
species to be randomly distributed in the four
zones in July. In October, however, Acnida
cannabina, Polygonum arifolium, Sagittaria
latifolia, and Typha latifolia were distributed
randomly. Of these only Polygonum arifolium
was a large component of the vegetation.

Transplant gardens— Data for all transplant-
ed seedlings (Fig. 3), except Impatiens capensis
which appeared not to transplant well, corre-
sponds with habitat preference and survival
noted in the field (Fig. 2; Table 3). Acnida

Fig. 3. Survival of transplants into gentle bank (O),
midbank (A), and high marsh (O) zones.

cannabina survived best in MB sites; Ambrosia
trifida and Bidens laevis in HM and MB sites,
and Polygonum punctatum in GB and MB sites.

Flotation studies—The potential effective-
ness of water dispersal varied with species (Fig.
4). For some, such as Impatiens capensis and
Bidens laevis, a portion of the seed populations
can apparently float indefinitely. Others, such
as Ambrosia trifida and Zizania aquatica var.
aquatica, did not float well, so that within 5
hr more than 70% of the seeds sank and all
sank in 3 days. Over 80% of Pilea pumila seeds
floated for 2 wk and then the numbers declined
rapidly. Seeds of Polygonum arifolium did not
float unless covered with the perianth, but when
the perianth was present, a common occur-
rence in the field, seeds floated for up to 17
days. The perianth covering of Polygonum
punctatum seeds also extended the duration of
floating, but these smaller seeds were buoyant
for some time even without the perianth.

DiscussION—Many species were widely dis-
tributed. In the seed bank study, 50% of the
species were common to the four zones studied.
In the field emergence study 77% were recorded
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Fig. 4. Comparison of the flotation potential (per-
centage of seeds remaining afloat) for several dominant
annual species. Polygonum arifolium seeds without peri-
anth did not float.

in all zones. Vegetational analysis showed 58%
of'the species recorded to be present in all zones
in July and 24% in October. Frequency of dis-
tribution and densities, however, varied from
zone to zone. Density of seeds, seedlings, and
mature plants varied with habitat, and survival
of a species also varied from zone to zone (Fig.
2, 3; Table 4). The relationship of seed bank
and field densities (Tables 1, 2) to flotability
is not clear. Species, such as Impatiens capen-
sis, Bidens laevis, and Polygonum arifolium
with good flotation potential (Fig. 4) were found
predominately (>55%) in the HM. Polygonum
punctatum seeds, however, also had good dis-
persal potential (Fig. 4), but were found pri-
marily in stream bank areas (SB, GB, MB) and
not the HM. In contrast, Pilea pumilahad good
dispersal potential (Fig. 4), but seed densities
were relatively evenly distributed (Table 1) and
field germination frequencies were similar (Ta-
ble 2). For those species with poor dispersal
potential, such as Zizania aquatica var. aqua-
tica (Rogosin, 1951) and Ambrosia trifida (Fig.
4), short distance dispersal could occur by top-
pling over of 3—-4-m tall plants with attached
seeds or by tidal movement of seeds or litter.

In all zones maximum field seedling num-
bers (Table 2) were less than comparable seed
bank values (Table 1): 38% less in SB; 33% in
GB; 46% in MB; and 10% in HM. The rela-
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tively high divergence in seed bank and field
seedling densities for the stream bank zones
suggests these sites were more stressful and that
a given seedling had a greater probability of
dying more quickly there than on the HM.
Furthermore, a higher proportion of the total
seed bank and field seedlings were found in the
HM than in the stream bank sites, 37% and
46%, respectively. This contrasts with a salt
marsh study which found greater seed bank
and field seedling densities associated with areas
of greater tidal activities, whether tidal front
or along channels (Hopkins and Parker, 1984).

We feel that a combination of physical and
biotic stress gradients, spatially inverse in in-
tensity, has caused the vegetation patterns not-
ed here. The daily tidal influx and efflux of
water, especially marked along the stream
channels, may be important in explaining the
establishment and distribution in SB and GB
zones. The physical action of tides can dislodge
seedlings and prevent their establishment
(Chapman, 1964; Wiehe, 1935). The duration,
velocity, and depth of tidal water are much
greater along the stream banks than on the high
marsh, and are certainly the most significant
influences on zonation pattern (Gosselink and
Turner, 1978). Inundation has physiological
impact and has been shown to be a key factor
in the survival of plants in tidal salt marshes
(Gray and Scott, 1967; Rozema and Blom,
1977; Mahall and Park, 1976b; Hopkins and
Parker, 1984). In our study such influences
were illustrated by transplanted seedlings and
in field plots where individuals of different
species varied in height, survival, and repro-
duction between zones (Fig. 2; Table 4; and
pers. observ.). Bidens laevis individuals, for
example, in stream bank habitats (field plots
and transplants) remained small (<0.5 m) and
had few flowers, a considerable contrast to vig-
orous plants (> 1 m) with greater survival (Fig.
2, 3) and with many flowers on the HM (pers.
observ.). This has also been found for Ambro-
sia trifida which flowered and set seed in only
3 of 8 transplant sites (Sickels and Simpson,
1983).

The HM is one of the most productive of all
habitats with up to 2,300 g m~2 yr~! (Whigham
et al., 1978), mainly in aboveground biomass
(Whigham and Simpson, 1978). Furthermore,
as noted earlier, maximum seedling densities
were much greater in the HM. This combi-
nation of high aboveground productivity and
high seedling densities suggests intense biotic
competition, and, in fact, plant density in the
HM drops to values similar to the other zones
by late summer (Fig. 2). The types of inter-
actions on the HM are, no doubt, varied, but
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competition for space and light would quickly
become limiting with the more vigorous seed-
lings or species having advantage. The domi-
nant species (Fig. 2, Table 4) all may reach
heights >2 m (McCormick, 1977) and limit
light available to shorter species. The shading
caused by high numbers of early germinating
species (e.g., Polygonum arifolium, Bidens lae-
vis, and Impatiens capensis) or those with large
cotyledons (Impatiens capensis or Ambrosia
trifida) could alter the light regime and prevent
germination of other species (Smith, 1982).
Typha latifolia germination, for example, is
reduced at low light intensities (Sifton, 1959;
Grace, 1983). Buttery and Lambert (1965) de-
scribed a case of marsh zonation where the
sharp transition seemed to result, in part, from
light competition. Another type of interaction
is possible, as potential for allelopathic inter-
actions has been demonstrated for marsh
species (McNaughton, 1968; Szczepariska,
1971; Bonasera, Lynch and Leck, 1979).

Because of differential establishment and
survival, occurrence in the vegetation may
greatly outweigh a species importance in the
seed bank or even in the seedling stage. For
example, Ambrosia trifida was not a sizable
component of the seed bank (Table 1) or field
seedling community (Table 2), but it was an
important component of the vegetation in HM
and MB sites (Table 3) and persistence values
(Table 4) suggest that seedlings had great sur-
vival ability during intense density-dependent
thinning. Polygonum punctatum, in contrast,
was an important seed bank and field seedling
component (Tables 1, 2), but its importance
in the vegetation especially late in the season
(Table 3) was suggestive of greater ability to
survive physically stressful stream channel
areas relative to other species. Not only could
a given species survive best in a given zone or
zones, but its importance relative to the rest
of the vegetation could change with time (Ta-
bles 1-3). For example, Zizania aquatica var.
aquatica was important mid-season (July), and
Bidens laevis, Polygonum arifolium, Polygo-
num punctatum, Ambrosia trifida, and Impa-
tiens capensis were dominant later (Table 3).
While seasonal change in biomass and domi-
nance has been documented (Whigham and
Simpson, 1976), this study suggests thata com-
plete understanding of vegetational dynamics
of'this annual dominated wetland must include
consideration of the seed rain which deter-
mines the seed bank composition, proceed
through the seed bank stage, a seedling com-
munity stage, and then through various stages
of the established vegetation.

Although their seeds were numerous, annual
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species comprised only about halfof the species
recorded in the seed bank of each zone. The
significance of the perennial component in the
seed bank (Tables 1, 2), however, is not known;
it is difficult at our present level of understand-
ing to predict the course of vegetation change
even of annuals. Some perennials, e.g., Pel-
tandra virginica, Sagittaria latifolia, and Nu-
phar advena, are important components of the
extant vegetation. Others, such as Hibiscus pa-
lustris and Lythrum salicaria, are not well rep-
resented in the portion of the Hamilion Marsh
under study, but are important in other areas
(Whigham and Simpson, 1975). Survival of the
perennial seedlings also varies with zone. Pel-
tandra virginica has widely distributed seeds,
yet established plants are absent from stream
banks and seedling mortality is high (Whig-
ham, Simpson and Leck, 1979). Unfortu-
nately, our data for perennials are limited.
Numbers of germinating seeds (Table 1) were
low, and field germination (Table 2) and sur-
vival (Fig. 2A) were poor. In contrast to most
upland habitats where there is general lack of
correspondence between the seed bank and the
established vegetation (e.g., Major and Pyott,
1966; Livingston and Allessio, 1968; Kellman,
1970; Whipple, 1978; Thompson and Grime,
1979), most wetlands surveyed seem to possess
seed banks which are reflective of the dominant
surface vegetation (van der Valk and Davis,
1978; Leck and Graveline, 1979; Thompson
and Grime, 1979; vander Valk, 1981; Hopkins
and Parker, 1984) although certain common
species may be missing. This study, which sam-
pled seed banks in relation to observed well-
defined zonation patterns along a stream chan-
nel, corroborates an earlier study by Leck and
Graveline (1979) that the seed banks of specific
zones reflect the dominant vegetation of those
zones despite the high flotation and dispersal
potential of many species (Fig. 4). Keddy and
Reznicek (1982) found that with a few excep-
tions the relationship of the seed bank along a
lake edge to the previous vegetation at a given
site indicated considerable seed deposition in
situ although there was evidence of limited
input from other communities. In this fresh-
water tidal wetland, the seed bank and the pre-
vious year’s vegetation were also similar, and
limited input from other communities also oc-
curred (e.g., Paulownia tomentosa from a near-
by hillside).

A number of studies (van der Valk and Da-
vis, 1976, 1978, 1979; van der Valk, 1981;
Keddy and Reznicek, 1982) have shown that
in wetlands which experience occasional draw-
down and fluctuating water levels, the seed
banks contain propagules of species which can
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colonize following change in water level. The
preservation of seeds in seed banks allows the
regeneration of various stages and is the key
to the dynamics of cyclic vegetational change
(van der Valk and Davis, 1978, 1979) and the
preservation of a specific floral component
(Keddy and Reznicek, 1982). However, in our

study and that of Leck and Graveline (1979),~*

the large annual component of the seed bank
is the key to yearly regeneration of the annual-
dominated vegetation.

As noted earlier, this freshwater tidal wet-
land is characterized by strong physical and
biotic stress gradients that clearly influence the

vegetation. Dispersal potential, seed bank™

availability, establishment, and persistence ap-
pear to dictate the spatial and temporal dis-
tribution patterns observed here. However, the
details of this interaction must await detailed
studies of species life histories.
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