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To assess germination success in different microsites of a forested wetland environment, seeds of three common western New York
wetland tree species, Acer x freemanii, Fraxinus pennsylvanica, and Ulmus americana, were sown into flats in the greenhouse with
three substrates (mosses Hypnum imponens or Thuidium delicatulum or bare soil) and three hydrological conditions (wet, moist,
or dry) in a factorial design. For the three species both treatment regimes and the interaction were highly significant, except for
Acer, in which the substrate regime was not significant. Fraxinus germination had the highest tolerance for wet conditions and
lowest for dry conditions followed by Acer and then Ulmus. Significant interactions showed that the effect of hydrological regime
on germination is influenced by substrate type. Moss decreased germination under drier conditions and increased germination
under wet conditions by lifting the seeds away from the soil and creating drier conditions than on bare soil. It is also possible
that interspecific competition for moisture played a role in decreasing germination under dry conditions. By influencing the
regeneration niche for three major tree species of swamps in the northeastern United States, the bryophyte layer plays an important
role in determining community composition.

1. Introduction

Seed germination and seedling establishment are influenced
by microsite environmental conditions. Favorable microsites
or “safe sites” for seed germination and seedling establish-
ment protect seeds and seedlings from extremes of temper-
ature, humidity, moisture, and sunlight and affect nutrient
availability, soil physical characteristics, seed predation, and
a host of other factors. Thus, favorable microsites provide
conditions beneficial for germination and establishment
and their availability determines recruitment, which has
a great impact on community composition, diversity, and
succession [1–3]. An important aspect of a microsite, espe-
cially in wetlands, is microtopographic relief. In wetlands
microsites with slight differences in elevation (centimeters)
may differ in flooding duration, moisture retention, and
availability, substrate composition and a host of other factors
[4, 5]. Thus, minor differences in elevation in a swamp may
have a powerful effect on germination and survival due to
differences in inundation period and moisture availability.

Influencing differences in germination and survival elevation
plays a role in tree seed germination and seedling survival
and thereby influences species composition of the swamp
forest [5]. That is, minor differences in elevation are different
germination or regeneration niches [1, 6].

Bryophytes are a common substrate type on swamp
microsites with strong effects on seed germination and
seedling establishment. In general the presence of a bry-
ophyte mat may positively [7–9] or negatively [10–16] affect
seed germination and seedling survival. Seeds that get caught
in a moss mat often remain too dry to germinate or are
too far from the ground for the radicle to reach the soil
surface and fail to establish [17–22]. Competition for water
between the moss and the seedling is an important factor,
especially in dry habitats [14, 23]. However, the presence of
a bryophyte mat can lower temperatures and thereby reduce
water stress on seeds and seedlings, and moss can reduce the
rate of soil moisture loss, due to reduced evaporation and
runoff positively influencing seedling survival especially in
water-limited situations [10, 24, 25]. The position of a seed
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in the bryophyte mat and the size of the seed will interact to
influence germination [3, 13, 19]. Species with larger seeds
seem to be less influenced by the moss layer than small-
seeded species [14].

Bryophyte effects on germination and establishment are
species specific for the bryophyte and the vascular plant
[4, 14, 20, 26]. For example, effects of bryophytes may
be related to their turf structure with a thick moss cover
affecting seed germination negatively and a thin moss cover
promoting germination [4, 14, 27]. A moss mat may have
a negative effect on germination and a positive effect on
seedling survival [4, 15, 28, 29]. The effect of bryophytes on
germination and seedling survival may differ between years
depending on weather conditions [11].

A greenhouse study was conducted to investigate the
effects of two moss species and bare soil under three hy-
drological regimes on the germination of seeds of the
three dominant trees species, Acer x freemanii, Fraxinus
pennsylvanica, and Ulmus americana, of western New York
swamp forests. The three hydrological regimes represent
elevation on microsites in a swamp and the substrates are
the three substrates commonly found on microsites, that is,
bare soil and the mosses Hypnum imponens and Thuidium
delicatulum. These substrates may mediate the effect of
inundation and moisture availability, which are controlled by
elevation, on germination. The hypothesis is that substrate
type and hydrological regime will affect the germination
of the three tree species differently. This experiment would
thereby clarify if minor elevational differences may be
different regeneration niches for these three species.

2. Methods

The seeds of Acer x freemanii E. Murray (Freeman’s maple),
Fraxinus pennsylvanica Marsh. (green ash), and Ulmus
americana L. (American elm) were used in this study.
These species were used because they dominate the woody
seedling, sapling, and canopy layers of Bonita Swamp and
in many other swamps throughout western New York [5].
The seeds of these three species have epigeal germination.
Most of the seeds of Acer and Ulmus germinate immediately
after dispersal [30–32]. Fraxinus seed is reported to have
dormancy mechanisms (e.g., [33, 34]) most likely because
it is autumn-dispersed. Dirr [32] reported that Fraxinus
seed requires 60 days at 20◦C followed by 120 days at 0◦C–
5◦C to break dormancy. However, we have found >50%
germination with seed that was stored for 3 months under
cool dry conditions and then planted in moist soil in the
greenhouse (Titus unpubl. data). A cold stratification or
other stratification treatments may increase germination
beyond 50% [34]. In any case, the seeds of these species
do not require freezing or scarification and are not major
contributors to seed banks [35–38]. Acer x freemanii is a
hybrid between Acer rubrum and Acer saccharinum and
is identified by leaf and samara characteristics that are
intermediate between the parent species [30, 39, 40]. These
are large fruited species. Acer seeds with their samaras
measured 4.3–5.8 cm long by 1.3–1.9 cm wide. Ulmus seeds,

in which the samara completely encircles the seed in an oval
shape, were 1.0–1.3 by 1.2–1.5 cm for the two diameters.
Fraxinus seeds have a narrower samara than Acer and were
3.8–4.4 cm long by 0.7–0.9 cm wide.

These tree species were selected because of their preva-
lence in Bonita Swamp, which is located along the Chadakoin
River near Jamestown, Chautauqua County, NY (N 420730,
W 0791709, 393 m asl). The 20.64 ha Bonita Swamp was
purchased in 2004 by Chautauqua Watershed Conservancy
and is part of the Chautauqua Lake Outlet Wetland Preserve
(Chautauqua Watershed Conservancy 2009). Bonita Swamp
is a palustrine, forested, deciduous, seasonally flooded
(USUI, USGS 1996) class I wetland (NYSDEC 2007). The
vegetation and hydrology of Bonita swamp are outlined in
Blood and Titus [5]. Bonita Swamp is microtopographically
complex with small differences in elevation dictating the
time an area is inundated, which has a strong influence on
species regeneration. Two moss species, Hypnum imponens
Hedw. and Thuidium delicatulum (Hedw.) Schimp. occur
on raised microtopographic features and cover 30% of the
swamp floor [5]. Bare soil, wood, and litter also occupy raised
microsites. These mosses form dense mats about 2 cm thick
in Bonita Swamp. Blood and Titus [5] showed that raised
moss microsites in Bonita Swamp contain more seedlings
than bare soil or woody substrates presumably because the
seeds are lifted above the saturated or inundated substrate.

Seeds and moss were collected on the ground in Bonita
Swamp from eight locations separated by more than 10m
from one another. The mosses (Hypnum and Thuidium)
were collected on 31 March 2007 and cultivated on potting
soil in the greenhouse. Acer seeds were collected 11 June 2009
and planted 3 July 2009. Fraxinus seeds were collected 22
September 2007 and planted 15 February 2008. Ulmus seeds
were collected 6 June 2008 and planted 18 September 2008.
Seeds were stored under cool dry conditions.

Identical greenhouse experiments were carried out in the
SUNY Fredonia campus greenhouse in Fredonia, NY, on
three separate occasions using the seeds of the three species
described above. Germination experiments were conducted
consecutively for each species and not simultaneously due to
greenhouse space limitations.

For each species a total of 72 26 cm × 26 cm flats were
prepared with 100 seeds planted in each flat for Fraxinus
and Ulmus and 75 seeds for Acer. Two treatment regimes,
hydrologic regime (wet, moist, dry) and substrate (Hypnum,
Thuidium, bare soil) were applied in a factorial manner
across the flats for a sample size of eight for each treatment
combination. Hydrologic treatments were wet, moist, and
dry conditions. Wet conditions were established by placing
the flats into larger flats without drainage holes allowing the
soil to be continuously saturated, and if moss was present,
the moss was wet. Moist flats were watered every three or
four days and the soil was never allowed to dry out; however,
if moss was present, the surface of the moss would become
dry. Dry flats were watered weekly and dried out between
watering and the surface of the moss would be quite dry.
Two weeks before seeds were planted, moss was removed
from the flats in which it was being cultivated and placed
into treatment flats. A flat that received moss was covered
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100% with a dense mat ∼2 cm thick for each moss species.
The seeds were then sprinkled onto the flats from above in
order to simulate aerial dispersal in the swamp. The large
size of the seeds meant that for these three species the seeds
rested on the surface of the moss and did not penetrate into
the mat. This is similar to the situation with these seeds in
Bonita Swamp (unpubl. data).

Seedlings were counted weekly for a minimum of three
months and the maximum number of seedlings obtained
was used in the analyses. For Acer 17 days after initial
seeding was used as the germinated seedling count for
analysis, that is, after 17 days the number of seedlings did
not increase. For Fraxinus 49 days after seeding was used,
and for Ulmus 49 days after seeding was used. Acer seeds
germinated much more rapidly than did seeds of the other
species. Seedling survival was >95% for all three species and
therefore was not assessed in this study. The greenhouse
utilized ambient light which was occasionally supplemented
with artificial lighting by fluorescent tubes at about 500
lux during the fall and winter. Thus, Acer received 14-15
hours of light per day where as Fraxinus and Ulmus received
11–13 hours. The greenhouse is heated in the winter and
fan cooled in the summer. Greenhouse temperatures ranged
from approximately 21◦C–29◦C for Acer in July and 18◦C–
24◦C for Fraxinus and Ulmus in the fall and spring.

Germination data for each species were square root
transformed to improve normality and homoscedasticity.
Treatments were compared by two-way ANOVA and the
post-hoc Tukey HSD test using SPSS [41]. Recall that for
two-way ANOVA with a significant interaction post-hoc tests
examine each treatment combination.

3. Results

The two-way ANOVA compares the two treatment regimes;
however, the graphs show each treatment combination
separately for greater visibility of the results (Figure 1).
For the three species both treatment regimes and the
interaction were highly significant, except for Acer, in which
the substrate regime was not significant (Table 1). Overall
the significant interactions showed that the effect of a hydro-
logical regime on germination is influenced by substrate
type. That is, for the three species under wetter conditions
germination is higher on moss than on soil, but under drier
conditions germination is higher on the soil.

Tukey’s post-hoc results show that germination varied
between the three species depending on both hydrology
and substrate (Figure 1). Acer germination was the highest
on wet moss and moist soil substrates and lowest on dry
moss. Fraxinus germination was higher under wet conditions
and lowest under dry conditions. Ulmus seeds had higher
germination on moist soil substrate and lowest on dry moss
and wet soil. Overall Fraxinus germination is most tolerant
of wet conditions, followed by Acer and then by Ulmus.

A germinated seed with a radicle that was unable to
penetrate the moss mat to reach the soil was not observed
for any of these three relatively large seeded species.

Table 1: Two-way ANOVA and Tukey HSD results for greenhouse
germination of three common wetland tree species under three
moisture regimes (dry, moist, wet) on three substrates (Hypnum,
Thuidium, bare soil).

Species Treatment F Sig.

Acer x freemanii
Hydrology 26.808 0.000

Substrate 1.473 0.237

Interaction 11.879 0.000

Fraxinus pennsylvanica
Hydrology 721.365 0.000

Substrate 16.124 0.000

Interaction 22.581 0.000

Ulmus americana
Hydrology 33.651 0.000

Substrate 20.030 0.000

Interaction 23.761 0.000

4. Discussion

Based on the germination response to hydrology, the three
species appear to have different regeneration niches for
germination; that is, Fraxinus prefers the highest moisture
levels for germination, Acer less moisture and Ulmus less. At
each moisture level this effect is mediated by whether the
substrate is moss or bare soil as is seen by the significant
interactions and the post-hoc results (Table 1, Figure 1).

Fraxinus, under moist conditions, has higher germina-
tion on soil than on mosses. The mosses serve to lift the seed
away from the soil making the germination site drier and
the mosses may also compete for water with the germinating
seed. Under wet conditions the saturated soil surface may
reduce germination and so germination is slightly higher
on the mosses which lift the seeds above the soil surface.
Acer shows a similar pattern as Fraxinus but shifted slightly
towards a drier moisture regime. Under wet conditions the
moss lifts the seed away from the saturated soil and increases
germination, whereas under moist and dry conditions the
moss substrate is too dry and germination is higher on
soil. For Ulmus, under moist conditions the soil substrate
is strongly preferred for germination probably for the same
reasons as above that the moss creates a drier substrate. The
lack of difficulty for the radicles of these species to reach
the soil supports the idea that the differences in germination
are due to the moisture level at the point where the seed is
located either on the surface of the soil or on the surface of
the moss. No consistent differences were observed between
the two moss species on germination.

Hörnberg et al. [4] observed “smothering” of germinat-
ing seeds by bryophytes. This was not observed in our study
in which the seeds were perched on the surface of the moss
and the radical appeared to have easily penetrated the moss
mat. The species used on our study have larger seeds than the
seeds of Abies in Hörnberg et al. [4].

Most Acer and Ulmus seeds germinate soon after disper-
sal and few enter dormancy [30–32]; however, the Fraxinus
seeds used in this study may have been dormant at the time
of planting [32–34]. Seed dormancy could potentially affect
seed germination response to the substrate and moisture
conditions in this study, particularly the wettest conditions.
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Figure 1: Mean + s.d. % germination for each of three wetland tree species (Acer x freemanii, Fraxinus pennsylvanica, Ulmus americana)
under three hydrological regimes (wet, moist, dry) and three substrates (Hypnum imponens, Thuidium delicatulum, bare soil) in the
greenhouse (n = 8 for each treatment combination). Seedlings were counted 17 days after seeding for Acer, and 49 days after seeding
for Fraxinus and Ulmus. See Table 1 for statistical results. Bars with the same letter are not significantly different by Tukey’s post-hoc test at
P ≤ 0.5. Note that the vertical axis scale changes on each graph.

Fraxinus is a very tolerant species and has been observed both
germinating in and inhabiting environments from moist to
frequently flooded [5]; however, it is possible that dormancy
affected the results obtained in this study.

It is possible that the greenhouse conditions influenced
germination levels in these species (e.g., [16]). It was cooler
(except on sunny days) and days were shorter for Fraxinus
and Ulmus than for Acer. It is possible that given longer
daylight hours and warmer conditions, for example, the
seeds of Fraxinus or Ulmus could be more or less tolerant of
wetter conditions. All of the greenhouse temperatures in this
study are well within the normal field temperatures at the

time of germination for these species, thus, dramatic effects
on germination dynamics are unlikely.

Moss cover can have chemical, physical, and mechanical
effects on seeds. In this study the major effect appears to be
physical with the presence of the moss lifting the germinating
seed away from the soil surface decreasing the effective
moisture level. These results are similar to those found in
other studies where mosses affect moisture levels and thereby
influence germination (e.g., [14, 17–19, 22]. Competition for
water may also have decreased available water levels. In a
swamp, where areas may be inundated for long periods of
time, a small change in elevation, such as that provided by
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a moss mat, can have a major effect on moisture levels and
therefore germination.

In Bonita Swamp the seeds of these three species are
observed in large numbers perched on top of moss mats.
By influencing the regeneration niche for the three major
tree species of Bonita Swamp and many other swamps in the
northeastern United States the bryophyte layer may play an
important role in the forest dynamics of these systems.
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