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Abstract

Key message For the first time the interaction of vegetation structure, wind speed and seed attributes on seed suspen-
sion on the plants was quantified by means of wind tunnel experiments.

Abstract The seed hanging above ground, a part of the vertical distribution and a determinant of seed fate, may be affected
by vegetation structure. However, how seed hanging on vegetation layers during secondary wind dispersal is linked to veg-
etation feature has rarely been studied. We investigated the effect of vegetation structure on seed hanging in a wind tunnel.
The number of hanging seeds during secondary dispersal of 30 species with various attributes (mass, height, width, length,
shape, projected area, wing loading, terminal velocity) was measured in four vegetation structures (pure herb one-layer veg-
etation, pure shrub one-layer vegetation, herb 4+ shrub uniform two-layer vegetation, and herb + shrub aggregated two-layer
vegetation). The proportions of seeds on vegetation layer in one-layer vegetation were significantly more than in two-layer
vegetation. The correlation between seed morphological attributes (mass, height, width, length, shape index, and projected
area) and the proportion of hanging seeds on vegetation layers differed between the herb and shrub layer but was not affected
by vegetation's horizontal and vertical distribution. Our study indicates that the complexity of vegetation structure decreases
the seed hanging on the vegetation layer, and the role of seed attributes in determining seed hanging on vegetation layer is
modified more largely by the life-form rather than by the spatial structure of vegetation. It is the first systematical study on
how vegetation structure affects seed hanging, deeply enhancing our understanding of the effects of vegetation structure on
vertical seed distribution.

Keywords Horizontal pattern of vegetation - Plant life-form - Seed hanging - Seed morphology - Seed secondary dispersal -
Wind tunnel

Introduction

Diaspore dispersal by wind is one of the most common

mechanisms of long-distance dispersal (often referred to as
wind seed dispersal) (Leendert 1982; Bouman et al. 2000).
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near the mother plant or move long distance from the mother
plant depends on horizontal and vertical movement, and this
was one of the primary concerns of previous studies (Brown
et al. 1979; Jianhua and Maun 1994; Cechin et al. 2020).
Additionally, some diaspores may hang on the plant, which
may delay their arrival on the ground and the possibility
of the availability of seeds ready to germinate in the right
place at the right time. Thus, exploring the effect of vegeta-
tion stratification on seed hanging is very important to better
understand the vertical distribution of seeds.

Vegetation stratification refers to the vertical arrangement
of vegetation in layers (Dierschke 1995). The plant life-
forms and resultant stratified layers mainly determine veg-
etation structure, and the vertical classification of vegetation
usually shows the herb, shrub, and tree layers (Dierschke
1995). Life-forms differ in their blade properties, canopy
size, branch length, etc. Leaves of herbs, for example, are
generally softer and more easily blown by the wind but are
harder to intercept moving seeds than those of shrubs. So,
there may be differences in seed-hanging ability among veg-
etation layers. Hence, knowing the seed hanging capacity of
the vegetation layer is fundamental to evaluate the vertical
distribution in the vegetation.

The vegetative structure mainly includes coverage, ver-
tical (lifeform composition) and horizontal patterns (Oke
1987), which can change wind conditions (Stull 1988) and
seed entrapment by plants during secondary wind dispersal
(Bochet and Garca-Fayos 2004; Rey 2004). It is speculated
that the seed-hanging ability of one vegetation layer would
be changed by the structure of vegetation.

Previous studies (involving mainly seed dispersal dis-
tance, dispersal kernel, and seed burial) were carried out
by comparing the dispersal results on a few types of vegeta-
tion (i.e., comparisons of grasslands with mown grassland in
reserves, short grasslands with matorral, and open land with
dense forest) (Fuentes et al. 1984; Nathan et al. 2002; Soons
et al. 2004; Bullock et al. 2017). However, the vegetation
used in previous comparative studies consisted of single life
form or involved different life-forms but used a single plant
configuration. These studies may not sufficiently explore the
relationship between vegetation structure and seed dispersal.
It is still hard to know the influential vegetation attributes
and how they make a difference in seed dispersal processes.
Quantifying the attributes of vegetation will help to ana-
lyze and predict the final fate of seed dispersal with more
precision.

The distribution of seeds after secondary wind dispersal
is determined not only by environmental factors (e.g. wind
and ground surface) but also by seed attributes (Sheldon and
Burrows 1973). Both the flight and entrapment of diaspores
are necessary steps for diaspores hanging on the plants. The
flight-related attributes of diaspores (like terminal veloc-
ity) may directly affect their likelihood of hanging on the
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vegetation by reflecting the balance between seed gravity
and the lift force of the wind (Greene and Johnson 1989). In
comparison, other attributes (such as size, shape, and type of
appendage) can also indirectly affect their hanging by alter-
ing entrapment of seeds (Xueer et al. 2021). However, the
exact relationship between seed attributes and seed-hanging
events has always been neglected. Furthermore, knowing
how the relationship is regulated by the vegetation structure
helps us better understand the mechanisms of the vertical
distributions of seeds.

For this study, different vertical and horizontal vegeta-
tion patterns were structured using an experimental field
wind tunnel. Various seed attributes (length, width, height,
mass, shape index, projected area, wing loading, and ter-
minal velocity) of 30 species were evaluated to determine
the seed-hanging ability of the vegetation layer during
secondary dispersal by wind. Specifically, we address two
questions: (1) how does vegetation structure influence the
seed-hanging ability of the vegetation layer? (2) What is the
relationship between seed attributes and the seed-hanging
ability of the vegetation layer, and how does the vegetation
structure modify this relationship?

Materials and methods
Seed selection

Seeds of 30 species were collected from July 2018 to August
2019. Seeds of different species were selected to represent
diverse morphological attributes, not phylogeny. Their
attributes were measured after being air dried naturally
for three weeks. They were classified into five categories
according to their appendage types, i.e., none, one or two
wings, more than two wings, hooks, and hair. The winged
seeds were classified into two categories because seeds with
one or two wings are usually thin slices, while the seeds
with more than three wings are usually near-spherical, which
makes them behave differently during the hanging process.

Trait measurement

Seed attributes (fruit attributes for some species, but we used
“seed attributes” uniformly in this study), such as length,
width, height, shape index, mass, projected area, wing load-
ing, and terminal velocity were used since they are generally
accepted indicators for wind dispersal and seed attachment
to objects (Casper and Grant 1988; Matlack 1992; Casseau
et al. 2015). Twenty intact seeds of each species were used
for trait measurements. The length, width, and height of the
seeds were measured using vernier calipers (0.01 mm accu-
racy). Shape index (V) was calculated as per Thompson
et al. (1993):
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where N =3, X1=1length/length, X2 = width/length, and
X, =height/length. Seed mass was measured with an elec-
tronic balance (0.01 mg accuracy). Projected area (PA) is the
two-dimensional area measurement of a three-dimensional
object by projecting its shape onto an arbitrary plane (Palmer
1999). It was calculated using the python software library
Open CV (Open Source Computer Vision Library) after
scanning with a digital scanner (Berg et al. 2005). Wing
loading (W) was defined as the seed mass per projected area
and calculated as W =m/p, where ‘m’ is the seed mass and
'p' is the projected area (Matlack 1992). Terminal veloc-
ity, a maximum velocity (speed) attainable by an object
as it falls through a fluid (Green 1980), was measured by
recording seed free fall with a high-speed video with 300
frames per second (Phantom VEO 640L, Ametek, USA)
in a black-light-proof box described by Qin et al. (2020).
The videos were analyzed using Phantom Camera Control
software (https://www.phantomhighspeed.com) as in Liu
et al. (2021). The mass range was 0.760-225.147 mg. The
length, width, and height ranges were 2.154-33.329 mm
2.051-29.385 mm, and 0.490-28.318 mm, respectively. The
projected area range was 3.453-503.932 mm?, and the shape
index range was 0.3-1761.8 (Fig. Al and Table Al).

Wind tunnel

The wind tunnel was 2 m high and 2 m wide, with a test sec-
tion of 22 m long (Fig. 1). Wind speed was monitored within
the tunnel using a hot wire anemometer (AirPro Velocity
Meter AP500, TSI, USA). The wind profile is consistent in
the direction> 1 m away from the power system and >8 m
from the air outlet (Liu et al. 2015). The experiment sur-
face was set 6 m away from the power system and 9.4 m
away from the air outlet. Smooth and flat planks were paved
between the power system and the experiment surface. The
total planks were 6 m long and 2 m wide (Fig. 1). The ane-
mometer was located 7.6 m from the power system. It was
fixed on the roof, and wind speed was measured 1 m above
the underlying surface.

Vegetation arrangements

The underlying surface matrix consisted of aeolian sand
from a moving sand dune in Inner Mongolia, China (105°
50"E, 41° 02" N). The sand was naturally air dried and then
sieved with a mesh size of 5 mm to remove non-substrate
impurities (such as stones and pieces of plants).

The sand matrix was manually made flat. Herbs and
shrubs were manually fixed on the flat surface as the vegeta-
tion. These vegetations differed in their coverage, life-form
composition, and horizontal patterns (Table 1 and Fig. 2).

2.0 m

Probe of anemometer.__
Wind direction

N

T\

Power section

6.0 m
Transition section

6.6 m
Treatment section

b )  Diasporcs

Wind direction

1.6 m

Fig. 1 Structure of the wind tunnel and the position of anemograph probe (a), the starting position of seeds in bared land or vegetation (b)
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Table 1 Treatments for

. Abbreviation for Life-form composition  Horizontal pattern ~ Vegetation Coverage of Coverage
vegetation the vegetation coverage herb layer of shrub
layer
H(U) Herb Uniform 10% 10% 0
S(U) Shrub Uniform 10% 0 10%
H+S(U) Herb + Shrub Uniform 20% 10% 10%
H+S(A) Herb + Shrub Aggregated 20% 10% 10%
Herb vegetation Shrub vegetation L=69.00cm
Uniform pattern |1/4 L L2

Uniform pattern |L/4 L L/2
> ¢ & e
Vegetation coverage = 10%

Herb layer coverage = 10%

Herb+Shrub vegetation
Uniform pattern
Vegetation coverage = 20%
Herb layer coverage = 10%

Shrub layer coverage = 10%

@ 5.00cm

Herb

Vegetation coverage = 10%

Shrub layer coverage = 10%

Herb+Shrub vegetation
Aggregated pattern | L/4
Vegetation coverage = 20%
Herb layer coverage = 10%

Shrub layer coverage = 10%

D,: diameter of the first circle of herbs D,=28.50¢m
D,: diameter of the second circle of herbs D,=35.00cm
D;: diameter of the unit D;=40.00cm

Unit of aggregated vegetation

Fig.2 Schematic for the size of the plants and their distribution in four vegetation structures

Artificial plastic herbs were used as experimental veg-
etation material to prevent damage from strong wind and
to make uniformly sized replicas. The height, diameter,
and projected area of the herb crown were 5.0 +£0.32 cm,
5.0+0.33 ¢cm, and 18.08 + 1.36 cm?, respectively. A centim-
eter-long nail was pierced through the center of the herb and
the underlying surface was used to fix the herb. The whole
crown of the herb was on the surface.

Convolvulus tragacanthoides was selected as the shrub
model because it had thick and sturdy branches with few
small leaves, which were easier to shape crown, set up
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replication, and prevent from being broken by the strong
wind. They were dug in Inner Mongolia, China (106° 52’
E, 40° 08' N). The clipped shrub crown's height, diameter,
and projected area were 20.0+1.52 cm, 22.0+1.68 cm,
and 320.0 + 18.53 cm?, respectively. For each shrub, a
roughly centimeter long taproot was kept and the leaves
were removed. A 15 cm long hollow plastic pipe was
pieced in the underlying surface to fix the shrub. The shrub
root was put in the pipe's hole filled with sand, and the
whole crown of the shrub was on the surface.
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Measurement of hanging seed proportion

The wind velocity (measuring 1 m height from the ground)
were set at 3.00, 5.25, 7.50, 9.75, and 12.00 m-s™!, increased
by 2.25 m-s~! between two adjacent wind speeds. Thirty
species were used to conduct the experiments on vegeta-
tion. Seeds were put in the line in the middle of two rows
of plants, and the seed position along the line was randomly
selected. After landing, the diaspores were covered with an
iron cover. The iron cover was immediately pulled up to
release the seeds as the wind reached the targeted speed.
Thirty seconds later, the wind tunnel was turned off. After
seed dispersal, seed entrapped by plants and not touching
the ground can be considered seed hanging on plants. The
number of hanging seeds and plant life-form was recorded.
The experiment was repeated five times for each species.

Data analysis

One-way ANOVA was performed using a rank sum test
(Kruskal-Wallis) using IBM SPSS Statistics 22.0 (IBM
Corporation 1989 and 2013, USA) to analyze changes in
the proportions of hanging seeds between vegetation layers
in each vegetation and wind velocity and seed appendage
types in each vegetation layer and wind velocity. The corre-
lation coefficients were calculated using the spearman coeffi-
cient (IBM SPSS Statistics 22.0, IBM Corporation 1989 and
2013, USA) to analyze the relationship between quantitative
seed attributes and the proportions of hanging seeds in each
vegetation layer and wind velocity.

Results

Relationship between vegetation structure
and hanging seed proportion

The proportions of hanging seeds on herb layer in one-
layer vegetation H(U) were consistently higher than that in
two-layer vegetations H+ S(U) and H+ S(A) at each wind
velocities (Fig. 3, left of the dashed line), and there was no
significant difference between the proportions of hanging
seeds on herb layer in H+ S(U) and H+ S(A) (Fig. 3, left of
the dashed line). Like herb layer, it was the same for shrub
layer (Fig. 3, right of the dashed line). Generally, the aver-
age proportions of hanging seeds for each wind velocity on
herb layer or shrub layer in the one-layer vegetations [H(U)
or S(U)] were significantly higher than that in the two-layer
vegetations [H+ S(U) and H+ S(A)] (Fig. 3).

There was no significant difference in the proportions of
hanging seeds between herb layer in H(U) and shrub layer

in S(U) (Fig. 4, left column), as well as between herb layer
and shrub layer in H+ S(U) and H+ S(A) (Fig. 4, middle
and right columns).

Relationship between seed appendage type
and hanging seed proportion

The orders of appendage types according to the hanging
seed proportions were generally consistent across each wind
velocity for both the herb and shrub layer (Fig. 5). However,
when the wind velocity was 3.00 mes™', only the hairy seeds
could be hung on the plant. The average proportion of hang-
ing seeds was 15.39% and 8.93% for the herb and shrub
layer, respectively (Fig. 5). After the wind velocity exceeded
5.25 m s!, the order of appendage types was arranged as
follows: none <hooks < no more than two wings < more than
two wings < hair (for the herb layer) and none <hooks < no
more than two wings =more than two wings < hair (for the
shrub layer (Fig. 5).

Relationship between quantitative seed attributes
and hanging seed proportion

For the herb layer, wing loading and terminal velocity were
always the most critical seed attribute determining seed
hanging in all 15 treatments except for one treatment, vegeta-
tion H + S(A) under wind velocity of 12.00 m s~! (Table 2).
Seed mass, shape index, terminal velocity, and wing loading
were negatively correlated with hanging seed proportions
except for mass in the vegetation H+ S(A) under wind veloc-
ity 12.00 m s~!. In contrast, projected area, length, width,
and height were positively correlated with hanging seed pro-
portions across all 15 treatments (Table 2).

Similarly, to the shrub layer, the wing loading and ter-
minal velocity determined the seed hanging in the 15 treat-
ments except for two treatments, that is, the one-layer S(U)
and two-layer H+ S(A) vegetation, respectively, under the
wind speed of 9.75 m s~! (Table 3). The seed mass and
shape index were hardly significantly related to seed hang-
ing. Terminal velocity and wing loading negatively corre-
lated with hanging seed proportions, while projected area,
length, width, and height positively correlated with hanging
seed proportions across all 15 treatments (Table 3).

Discussion

Effect of vegetation structure on the seed-hanging
ability of vegetation layer

The seed-hanging ability of vegetation layer in one-layer

vegetation was always higher than in two-layer vegetation.
In contrast to this, there were no significant differences in
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Fig.3 The proportion of seeds
hanging on vegetation layer in
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the seed-hanging capacity between herb layer and shrub
layer, and between two-layer vegetation of uniform vegeta-
tion and aggregated vegetation. Consequently, the verti-
cal complexity of the vegetation structure can weaken the
seed-hanging ability of a vegetation layer no matter what
the horizontal vegetation pattern and the plant life-form
are.

When a vegetation layer's coverage remains unchanged,
other vegetation layers' presence can increase the coverage
of the entire vegetation. It is known that the horizontal and
vertical wind speeds decrease with vegetation coverage
(Nuttle and Haefner 2005). So, seeds will get less wind force
to fly and hang on the vegetation layers as the vegetation is
vertically stratified more complicatedly. In addition, once a
flying seed hangs on a vegetation layer, it means its entrap-
ment, and there is little possibility for the seed to move and
hang on other vegetation layers. In other words, multiple lay-
ers coexisting in vegetation seem to compete for the priority
of seed entrapment so that they decrease the seed hanging
possibility of each other.
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Horizontally, herb layer is able to hang more seeds than
shrub layer due to its larger total perimeter. While vertically,
shrub layer is able to hang more seeds than herb layer due
to its greater average height, thereby explaining the overall
absence of significant differences in seed hanging between
herb and shrub layers.

In this study, the proportion of hanging seeds was approx-
imately 8% of the total secondary wind dispersal seeds.
Therefore, studying seed hanging mechanisms is worth
understanding how seeds vertically distribute in vegetation.
It could enrich our knowledge about seed dispersal and help
make better predictions for vertical seed distribution accord-
ing to the vegetation structure.

Effect of seed attributes on seed hanging

For the herb and shrub layers, the percentage of seed hang-
ing on vegetation layers increases with the decrease of
seed terminal velocity and wing loading. However, there
are still differences in the attributes of hanging seeds in
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Fig.4 The proportion of seeds
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the canopy of different life forms. No matter what verti-
cal stratification and horizontal vegetation patterns were,
hanging on the herb layer tended to dominate by those seed
attributes that were lightweight, spheroidal and bigger in
length, width, height, and projected area. Hanging on the
shrub layer was also dominated by similar seed attributes
but with the minor role of seed weight and shape. Con-
sequently, the relationship between seed attributes and
seed hanging on the vegetation layer was not modified by
the horizontal distribution and vertical complexity but by
plants' life forms.

During secondary wind dispersal, flight and entrapment
were the two decisive steps in seed hanging. Terminal veloc-
ity reflects the balance between vertical upward wind force
and gravity (Greene and Johnson 1989), so the lower the
terminal velocity, the lower the wind force can raise the seed
to fly. Meanwhile, terminal velocity has shown a strong posi-
tive correlation to wing loading (Augspurger and Franson
1987; Green 1980). Consequently, terminal velocity and
wind loading are effective indicators for predicting seed
hanging.

The seeds hung in different layers of vegetation exhib-
ited different properties. Compared to shrubs, the softer/
smoother leaves and branches of herbs tend to have a much
weaker load-bearing capacity. Therefore, the hanging of
seeds on herbs is more sensitive to seed mass than on shrubs.
Compared with herbs, wider gaps among branches of shrubs
make them more difficult to entrapped tiny seeds. Thus,
seeds hanging on shrubs are more sensitive to seed length,
width, height, and projected area than that on herbs. Seeds
with hooks or appendages could not hang on plants because
they could not fly or be entrapped. Compared to seeds with
one or two wings (which are usually thin slices and prolate),
the spheroidal seeds with hairs or multiple wings are easy to
fly and have more dimensionalities to hold. Although thin
seeds hanging on herbs are less than seeds with hairs or
multiple wings, they can be pierced by the thorny branches
or other sharp structures of shrubs. Therefore, seed hanging
on shrubs was not influenced by the shape index of the seed,
while seed hanging on herbs did.

Seed entrapment involves direct contact between seeds
and plants, so the possibility of seed entrapment is mainly
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Fig.5 The proportion of seeds with different appendages hanging
on vegetation layer in vegetation differs in vertical (lifeform compo-
sition) and horizontal patterns. Figures show the overall proportions

determined by plant characteristics and seed morphologi-
cal attributes (mass, shape, length, width, height, projected
area, and appendage type) when the seeds encounter dif-
ferent plant life-form in vegetation structure. Seed flight
is the necessary step in seed hanging. Therefore, the aero-
dynamic attributes (terminal velocity and wing loading)
determining seed flight capacity always play crucial role
in seed hanging in all types of vegetation. Consequently,
it is the morphological attributes of seeds rather than the
aerodynamic attributes that determines the plant life-form
the seed tends to hang on.
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Shrub layer

found on the herb layer (left of dashed line) and shrub layer (right of
dashed line) and in degrees of wind velocity (the rows)

Conclusion

The vertical complexity of vegetation structure can
weaken the seed-hanging on vegetation layer during sec-
ondary wind dispersal. Compared to the spatial vegeta-
tion structure, the role of seed attributes in determining
seed hanging on vegetation layer is more predominantly
modified by plant life-form, and the plant life-forms seeds
tend to hanging on are determined by seed morphologi-
cal attributes. This study could help comprehend the
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Table 2 Spearman correlation coefficients between quantitative seed attributes and proportions of hanging seeds on herb layers in different types

of vegetation

Wind velocity ~ Vegetation Mass Shape index Wing loading Terminal velocity Projected area Length ~ Width Height
3.00 m/s HU) —0.308**  —0.326%* — 0.533** — 0.460** 0.377%* 0.473**  0.464%*  (0.502%%*
3.00 m/s H+SU) —0.327%*%  —0.32]1%* — 0.515%* — 0.471%* 0.352%%* 0.444**  0.439%*%  (0.469%*
3.00 m/s H+S(A) —0.365%*% —0.316%* — 0.556%* — 0.470%** 0.344%%* 0.459**  0.447%*%  (0.490%**
5.25 m/s HU) —0.467%*% —0.336%* — 0.707%** —0.612%* 0.355%%* 0.337**  0.369%*  (0.347%*
5.25 m/s H+SU) — 0.446%*  —0.342%* — 0.646%** — 0.551%* 0.336%* 0.360**  0.381** (.388**
5.25 m/s H+S(A) —0.256%*% —0.362%* — 0.591** — 0.524%* 0.457%* 0.551**  0.540%*  0.591**
7.50 m/s HU) —0.365%*% —0.396%* —0.621** — 0.551%* 0.403%* 0.374**  0.427%*%  (0.449%*
7.50 m/s H+S) —0.366%* —0.378** — 0.626%* — 0.528** 0.366** 0.341*%*  0.379%*  (0.404**
7.50 m/s H+S(A) —0.489%*  —0.363** — 0.680%* — 0.566%* 0.288%*%* 0.249*%*  0.291%*  (0.292%*
9.75 m/s HU) —0.362%*%  —0.263** — 0.694%* — 0.664** 0.445%%* 0.418**  0.452%* (.372%%*
9.75 m/s H+SU) —0.257**  —0.375%* — 0.558%* — 0.515%* 0.427%%* 0.348**  0.435%* (0.455%*
9.75 m/s H+S(A) —0.335%*%  —0.247** —0.617%* — 0.526%* 0.370%* 0.311#*  0.351%*% (.282%%*
12.00 m/s HU) —0.421%*%  —0.403** —0.614%* — 0.572%* 0.283%%* 0.263**  0.330%* (0.362%*
12.00 m/s H+SU) — 0.460%*  — 0.452%* —0.610%* — 0.526%* 0.231%* 0.233**  0.268** (0.412%*
12.00 m/s H+S(A) —0.057 — 0.273%* — 0.489%* — 0.520%* 0.544%* 0.462**  0.506%* (0.368%*

Table 3 Spearman correlation coeffiecitents between quantitative seed attributes and proporttions of hanging seeds on shrub layers in different

types of vegetation

Wind velocity ~ Vegetation Mass Shape index Wing loading Terminal velocity —Projected area Length ~ Width Height

3.00 m/s S(U) —0.305%*  —0.296** —0.468%* —0.458%** 0.335%* 0.412%%  0.412%*%  0.43]%*
3.00 m/s H+S(U) —0.255%*%  —0.200* —0.380%* —0.388%** 0.283%** 0.348%*  0.348%*  (.358%*
3.00 m/s H+S(A) —0.241%*% —0.207* —0.391%** — 0.376%* 0.296%** 0.363**  0.360%* (0.376%*
525 m/s S(U) —0.183*  —0.207* —0.648%* — 0.645%* 0.575%* 0.596**  0.609**  0.408%*
5.25m/s H+S(U) —0.200%  —0.195* —0.553%* — 0.539%** 0.487+* 0.521**  0.515%*  0.395%*
5.25m/s H+S(A) —0.278%*%  —(0.257** — 0.570%* — 0.517%* 0.425%* 0.515%*  0.504** 0.461%*
7.50 m/s S(U) —0.167%  —0.244%* — 0.680** —0.692%* 0.631%* 0.634%*  0.659%*  0.424%**
7.50 m/s H+S(U) -0.119 -0.152 — 0.660%** —0.652%* 0.622%* 0.603**  0.598**  0.308%*
7.50 m/s H+S(A) -0.123 —0.188* —0.613%* —0.641%* 0.612%* 0.611%*  0.623** 0.361**
9.75 m/s S(U) —-0.108 —0.163* — 0.672%* — 0.699%* 0.678%** 0.709%*  0.711%*%  0.396%*
9.75 m/s H+S(U) —0.228%%  —(0.214%* — 0.659%* —0.619%* 0.520%** 0.504%*  0.550%*%  (0.349%*
9.75 m/s H+S(A) —0.048 —0.185* —0.622%* — 0.646%* 0.688** 0.707#*  0.704**  0.420%*
12.00 m/s S(U) —0.055 — 0.266%* —0.639%* — 0.683** 0.709%* 0.696**  0.716%*  0.501%**
12.00 m/s H+S(U) —-0.027 — 0.235%* —0.562%* — 0.603** 0.644+* 0.638**  0.651%*  0.447**
12.00 m/s H+S(A) —0.001 - 0.207* — 0.562%* — 0.600%* 0.695%* 0.684%*  0.706%*  0.448%*

relationship between seed attributes and seeds hanging in
stratified vegetation, which eventually predict the vertical
composition of seeds (species) in vegetation and their fate
in population regeneration ecology.
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