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Abstract

Relative dispersibility of Tiliaamericana L., Acer saccharum Marsh. and Fraxinuspennsylvanica Marsh. was
inferred from the ratio among species-specific regression coefficients (8) computed from seedling density-
distance plots. Density counts were made in spatially-uniform old fields adjacent to single seed sources or
monotypic fencerows. Resultant seedling shadow curves approximate the negative exponential form expected
for many seeds (logy = a—0X). This basic curve shape fit species of differing dispersibility, dispersal under
a range of wind directions and one-year-old or all-aged cohorts. The ratios of 8 were 1:2.6:3.2 for Tilia, Acer
and Fraxinus, respectively, in order of increasing dispersibility. Vegetation patches isolated from seed sources
by several hundred meters or more should have extremely low input of seeds, especially Tilia and Acer.

The finding that Fraxinus disperses farther than Acer was unexpected, since the samaras of the former have
faster terminal velocities. The relationship can be explained by better performance of Fraxinus samaras in
the stronger winds experienced by trees in open landscapes, poorer formation of the samara abscission layer,
and release of samaras following leaf abscission and during the winter when winds are the strongest. Both
the samara plan and dispersal phenology need to be considered in estimating relative dispersibility among
species.

Introduction

Emergence of the fields of island biogeography and
landscape ecology has intensified the traditional in-
terest of ecologists in seed dispersal (MacArthur
and Wilson 1967; Burgess and Sharpe 1981; For-
man and Godron 1986). Both emphasize that plant
vagility (dispersibility) can affect the species rich-
ness and dynamics of habitat patches isolated by an
inhospitable intervening matrix of water, strongly
dissimilar vegetation or human land uses. Estimates
of seed dispersal are needed to assess the future con-
sequences of anthropogenic fragmentation (Curtis

1956; Risser et al. 1984) and to evaluate how well
island biogeographic theory may apply to land-
scapes (e.g., Middleton and Merriam 1983).

As a means of estimating seed dispersal by wind,
acommon analytical practice has been to graphical-
ly represent measured seed density along an axis of
distance from a known point or area seed source. A
variety of curve shapes results. Under experimental
conditions when seeds are released en masse from
a uniform height under stable winds the curve shape
is typically right-skewed (lsaac 1930; Augspurger
and Franson 1987). In numerous other studies,
density-distance curves have been constructed to
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evaluate the re-seeding potential of clear-cuts and
strip-cuts (Ronco and Noble 1971; Franklin and
Smith 1974; Randall 1974; Noble and Ronco 1978).
Seed density curves in strip-cuts often approach an
inverse j-shape; density initially decreases exponen-
tially away from the leeward edge but then increases
toward the inward side. A common curve for
diverse groups of plants under natural conditions is
the negative exponential form, i.e., seed density
decreases as a constant percent over equal units of
distance (Werner 1975; Stergios 1976;Harper 1977;
Dirzo and Dominguez 1986; McClanahan 1986).

For a given population of plants, both the height
and slope of the dispersal curve may exhibit con-
siderable annual variation. Curve height increases
with increasing seed production and may or may
not be accompanied by a significant change in
slope. Noble and Ronco (1978) showed increasing
slope with increasing seed crop for Picea engel-
manii in clear-cuts, but Stergios (1976) showed little
significant change in slope for Hieracium in differ-
ent seed years. Annual differences in the frequen-
cies of wind speeds have perhaps the greatest single
effect on the slope parameter; slope percent gener-
ally increases with decreasing wind speed. Over a
number of years, a population would exhibit a fa-
mily of annual dispersal curves with regression
coefficients exhibiting some measure of central ten-
dency characteristic for the species. Thus, the slope
parameter can be used to define the relative disper-
sibility of species and their colonization potential
(Levins and Culver 1971; Levin 1977).

The obvious difficulty in obtaining good esti-
mates of seed dispersal in nature for many species
under varied environmental conditions has prompt-
ed use of experimental and modeling approaches.
Seed fall velocity in calm air is easily measured and
has been used as an index of relative dispersibility
among species (Isaac 1930; Siggins 1933; McCutch-
en 1977). It is assumed that seeds with slow fall ve-
locities would be carried by winds farther than
those with fast fall rates, all other factors being
equal. Additional parameters such as the stability
of seeds in strong winds have also been considered
(Green 1980, 1983). Fall velocity was integrated
with climate in a detailed mathematical simulation
model of seed dispersal by Sharpe and Fields

(1982). Dispersal curves and slope parameters can
be estimated from such an environmentally-based
model.

An alternative to extensive, long-term seed trap-
ping experiments and to more experimental and
modeling approaches in obtaining estimates of the
slope parameter is to sample established seedlings
and construct seedling density-distance curves
analogous to those for seeds. The slope parameter
of density-distance curves based on samples of
seedling populations integrates dispersal since the
year of initial seedling establishment. The relation-
ship between seed dispersal and establishment is
complex and variable, but the slope parameter of
seed and seedling density-curves should be similar
if the micro-environmental conditions for germina-
tion and survival and the spatial distribution of seed
predators are both reasonably uniform along the
distance axis. This requires careful selection of field
sites.

This research had two major objectives: (1) to ex-
amine the correspondence between dispersal curves
based on seedling-sapling numbers and the negative
exponential model expected for the seeds of many
plants, and (2) to use the above sampling approach
to estimate relative dispersibility of heavy-seeded,
wind-dispersed species (Acer,Fraxinus, Tilia) in the
highly-fragmented forests of southeastern Wiscon-
sin. Dispersibility coefficients could be ultimately
utilized as one basis for predicting regional co-
existence and altered successional trajectories
potentially caused by anthropogenic patterning.
Knowledge of dispersibility of species, along with
competitive ability and local extinction probability
(Christiansen and Fenchel 1977)is fundamental to
predicting regional co-existence.

Methods

Abandoned agricultural fields with adjacent iso-
lated seed trees or a single, monotypic fencerow of
trees provided the best field conditions from which
to construct recruitment curves. The two field sites
selected were generally level with spatially-uniform
land use. The Acer field site was a 2 ha pasture
abandoned in 1971 and located near the North



Kettle Moraine State Forest in Ozaukee County,
Wisconsin. The seed source was an isolated Acer
saccharurn Marsh.tree (7 dm dbh) located on a
north—south fenceline which formed the western
border of the abandoned field. No mowing or graz-
ing had occurred since abandonment. Field sam-
pling occurred in October 1978.

Five transects were laid out along NE, ENE, E,
ESE and SE compass directions emanating from
near the canopy drip-line. Transects were all ex-
tended to the end of the field, but because of the
radial pattern and shape of the field, transects were
of variable length (45—-120 m). Within each 10 m
stratum on NE, E and SE transects, a 5m long sam-
ple plot was randomly located. On ENE and ESE
transects, 20 m strata were used. Sample plot width
was 3 m in most cases, but when fewer than about
1seedling/m? occurred, the width was increased to
5 m. Thus, sample plots were 15 m? and 25 m? in
area. A total of 37 quadrats was sampled. All Acer
saccharum reproduction within sample quadrats
was counted and aged from terminal bud scars.

The Fraxinus field site was on the grounds of the
University of Wisconsin-Milwaukee Field Station
near Saukville. Fraxinus pennsylvanica Marsh.
trees formed an east—west fencerow on the north
border of a 6 ha corn field abandoned in 1964. Be-
cause the trees constituted a line seed source rather
than a point source as was the case for Acer,
parallel transects were arranged perpendicular to
the fencerow in a S compass direction. Six transects
each 130 m long were laid out at 20 m intervals.
Quadrats 1 m x 5 m were randomly placed within
each 10m stratum. Sampling was conducted in Oc-
tober 1978.

Tilia americana L. dispersal was measured from
a single large tree occurring in the mostly Fraxinus
fencerow at the Field Station. Transects were laid
out in Sand SE compass directions. Seedlings were
sampled in contiguous 2 m x 2 m quadrats until
density declined to near 1seedling/m?; the width of
subsequent quadrats was enlarged to 4 m. Sampling
occurred in late September 1979.

No reproductive individuals were observed in any
of the above fields. All individuals were < 3 cm
dbh. Tree height was similar for Fruxinus and Tilia
[13.7 m (average of six trees) vs. 15.2 m, resp.],
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while the Acer tree was somewhat taller (18.3 m).
Standard linear regression programs (Statistical
Analysis System) were used on the IBM 3032 Com-
puter at Virginia Polytechnic Institute and State
University. Contour maps of seedling density were
produced using SYMAP (Harvard University).

Results
Acer site

The site was well colonized by Acer saccharurn
reproduction, however, density near the seed
source was unlikely so great as to cause dispropor-
tionately greater seedling mortality from intraspeci-
fic competition. A total of 1139seedlings occurred
in the 37 sample plots. Quadrat density ranged
from 0-—19 seedlings/m* with an average of 2/m?>.
Densities were highest near the seed source and
generally decreased monotonically towards the dis-
tal ends of the transects. Densities were roughly
equivalent for corresponding strata on NE, E, ESE
and SE transects; density was relatively high in stra-
tum I onthe E transect and low in the ENE transect.

The mapped patterns of seedling density were
similar for both one-year-old (Fig. la) and all-aged
(Fig. Ib) seedlings. This correspondence is in part
due to the large proportion of one-year-old seed-
lings in the total population; one-year-old seedlings
comprised about half of the total density. Classes
of density around the seed source are generally con-
centric except where interrupted by the lower densi-
ties on the ENE transect. This low density trough
does not appear to be due to relatively low wind
speeds blowing towards the ENE; mean (1965—
1974) wind speed of SW winds during October—
November at Milwaukee was only slightly less than
NW winds (4.7 vs. 4.9 m/sec, respectively — NOAA
1978). Moreover, the NW and SW winds exhibited
highly similar frequencies in the standard wind
speed classes. Depressed seedling densities were
more likely due to the spatially non-uniform com-
petitive influence of Poa pratensis sod which ap-
peared especially dense and unbroken along the
ENE transect. Data from this transect were ex-
cluded from further analysis.



178

ettt = — (et Sttt @ — T = 4 ittt 4 b sttt O bt — @ — A ——— = il

-t

'
[
[
1]
*
1
»
[
[
—-
)
13
.
.
>
.
’
.
: L] “
v »
[
n "o
" e
v oW " .
" » 2>
" "
H
" "
-
T " "
" "
"
u u O
~n u oL
L
M M ot
n L)
" "
"
¥ " » D ¢
»
»
B
b o
I3 : »
- L aad - - »
- > L ad ... »
- L Ead > - e »
- * s L d ..
N - * 4 rr e -~ >
H - * ¥ L dd - 3
H - * e - e
-« 2 ‘e .o
- L d *ee L
1 - L * e - e
- *er > L e ad -
- ey »x [ EE SR ERJ -
- +er = LA A0 .o
- » = rEELE e Rl
1 - >+ LR R R R Ed -~ e
A > LR R R RS ..
- LR ad » e . s
- > e s -
- e » e
- + 4 R 3 8 8 2 8 2t et tnded 0“
- L4
T : B 6 W
M4 be I3 % W
Al - >, »> I
M $4 b sreeu
b od 3 resen
b ceron
* b sevsn 20
: e en 0N
: rreen oo
Bttt N d rre N
s +eean
b4 treen
.. "
Ed L d -essn
. seeen
* ..
DDDD0 = xxx P Ea
QDO == == X an
ODOOD M xxx ” &=
OSD00 xImx XM M
Q390D MM x s
OODO ™ x> X x e
" ODODOO XX X3 =
v DOOOO00O M X XM
' OCO0OIDO XXMM XMMX &
" 3 ONOO0O0OO0Q 2 2 X M X X >
DOIDIO0OT MM M X M X
“ DDOO000OQ =M X M M X @-
! OPB®®B  OODDDG XM -
. xxx 0OO02002DI00IT0DIIV ~EBBFEE DDEPD® ODDIDD W
D2PPD DODODO WX xx
" XX 0003200900320 30 _ X » TP 5923039 xxxx
H S82s.%38, 5022002
H 000002000 DIITIIIO
M QD0000300C2IDO0IDID000 _ PODI BERE B > 33333935 a3 T
' 03595500005005000 IR assss D E 2 3 Iz
. I3
; o z —
H w > rx
H - o -
; E d” Tz
]
.
" .
*a
e © ‘e
4 (3
H [
. 10
«rtree b . . _ . !

imilar

hibited values of r greater than

ons ex

ht regress
0.90. The fit was almost perfect in two transects

eig
(r = 0.99). Poorest fit was for the E transect due to

greater variability in seedling density near the mid-

range of distances. Curves for seedlings = 2 years
form but correspondingly lower correlation coeffi-

and x (distance from the seed source). Six of the
old (ie., excluding one-year-old data) had a s

ity
ial

ing dens
ive exponent

aged seedl

aged (b) seedling distribution pattern around an isolated seed source (large black dot) of Acer saccharum.

. Field length is 115 m.

the negat

2

ted
form, i.e., by inspection the untransformed data

old and all
clearly approximated a straight line when graphed

curves approxima

Both one-year-
linear regression models exhibited high correlation

coefficients (0.79-0.99) indicating a highly intense
relationship between the log of y (seedling density)

in logarithmic series (Figs. 2—3). Moreover, the

Fig. /. One-year-old (a) and all
Seedling density is number/m



176

;----..-..l-.--.....g-.......-3-...,--.-u-..-.--..5---....-.b--....-..y-..-.-.--3---.,-...9--.-.----|...-.....1----.-.--;
[ob ,
1
I 1
- +
{
i
1
{ UD XKXAXXXKX +4e0ateettastasesey P00 00000y A R N NN
1 OUU XXXRXXAKX +eseesestressetesey 2000000 N N NN RN NN
H QUOO XXXXXXXXX #4+9eteroresrtetes P2000 00 Cetvsrr s e b
1 OUOUU XRXXXXXXK #eetvroereeterees 00007 R TR L
1 UU000U XXXXXXXXXX #4449+ 0400¢04se9 A FEM 5555339
DOUULUU XXXXXXXXXX +0¢0tesetettssretsese 000 woaateerer
1 QUDQO0U0  KXXXXXXXA +49etatesatesretsesede P71 000 * 33350
2 QUUOUUYUUD KXXXXXXKK 444040ttt tteterey "P0 70 Tytyly9,
QUUUOOOOUUU XXXXKXXKXR ++4444444444  +4tedtre *
1 OUUODUUUUO0Y XXXXXXXXXX ++4¢eseees42’ 2eoae ¢
QUUYUULUYO00U0 XXXXXXXAXX +4etetsts %% 2oese
i Q0UUC00LO0G0000 XXXXXXXXKX tetersees rereree
+ OUUUB00U0G0000 XXXAXKKAXX ¢4+ 40teettetatere M
i w GOOO000DCU000U XXKXAKNXXK sottesttotstortotss
88 LLULOQUDOOQUUY XXXXXXXXXX 344 eeteesrtterersy
1 988 000UQUUU00UD00 KXXXXXXKXK #4442 eeatestses 1000 00csrreveststcssis
; o988 00UGUGCOOG0UGO0 KXXAXXXXKXX *eseeressoseers FOFELELE0000000E00000000
1 o0eEe 000UU0000U000 XXXXXXXXXRX +4¢eetsesstess ‘P00 rrrrroeeney
| ¥8ebee U000000UCO00U XXXXXXKXXXXX +esssotses 00
w@ObBEe GU0000U0000U0U XUXXXXXXXX *ereeeess 700 1
| 98buBdEY 00000UOUGUDUD XXXXXXXXK +e¢sees *
° dugebBE®8  000000V05U0U XXXXXX 1
sHdbepdvEne Q0CU00UUVOLY XXXAX .
} o Hewes 0U0U0000L00 XXXX 1
: st Cosatest 1S e :
a88s XX+
! 'R VOLODG XXX +
gl w8 98486 00ULLUY XX 4
f @8 8696609808 DUOULOL XX * 1
844 vodes & 00000000 xx
[TT I 8 00000V00 X «+ Y rrseerreeres
1 848N 88888BE DOOUUOUSY XX + AT 2222222200004
[T e8s 0U0000QUG XX #+% *°77777 seatresssrteteosrssd .
} LTI T AL U0DQUUOOD XXX 44+ 0000000000 08000004 1
seey o QUUOOUDU0 XXKXX #4444 004404 8042040400ttt rss
1 #4808 8500000000000 XXXXXKX +¢+etstettetre terreteeeee 1
& 000 00UQUU XAXXXXXXXX XXXK  #eesered
5 [ L] @ 000U XAXXXXAXNAXXAXAXXAXXAAXXAXKKAXL *eseees 5
W8 88988 U000 XAXXXAXXAXXXXXXXXXXXXXXXXXXKKX *++ees {
I HUU 8¥889 U0 XXXX  KXKXXXKXXXXXX KXXXXXX +eet
8@ 888 O XXXX 4+ RXXXXXXXXXX + KXXXXKX ¢+ °
1 @ WO7H B® UU4XXXX ¢434 XXGXXXXXXNXXXE XXXKXGUXK +42°
B QEE0 88  XXXX ++edre AXXAXXXXAXXAXXXXXXKXXXXX + .
| @ 8008 8 00 XXXX ++ XXKXXXXXXKXXXXKKKKXXKXX *++ *°* 1
WeE8E 89 D0 xXXxx AXXMKXXXRXNXXXKXXXARXKKK +++e 1
| BUBEN 9868 U0 XXXKXARXXNXXXXKAXAXXXXXXXXXXXAX *++esd {
87048 8808 (00 KEXAXXXKXXAXXXXUXXKKXKXKAXRXX *edeee
6 [ ] YU0 6988 UUULU XXXXXXXXXNXAXXAXXAXXXXXXXXXX +etedse ! Iy
[ 700UWNEE 9UBBE QOUUUU XXXXXXXXXKXXXXXXXRXXXXXXXXK ¢eserets * 1
. 98888 5000000Y XXXXXXXAXXXXXXKXXXXXXXX +¢essttes ¢
1 WHE0 BBEHEB V0OUOUUUD XXXXXXAKAXXXXXXXKXXAXK $eetteress 1
[ 11 0000000U00 XXXXXXXXXXXXXXXXXKX <¢e+eeteersre
* 4 8® S00000000000U0G0 XXXXXXKXXXXXXAXXX *+seeerese M +
| 6888 (0000000000000 XXXXXXXXXXXXXXXXK 1
eve8e 0U0V000U00000 XXXXXXXGAXXXXAXXXX ¢+eed
1 990088 V00500000000 XXXXXXXXXKXXXXXXX +esee I
i ® UUOGO00000 KXXXAXXXXXXXXXXXX s+ees
7 oeps@8 (000000000 XXXXXXXXXKXXXXXXRX 4+ese 7
#8888 V00000UU0  XXAXXXX LR RS A
1 W88  QUOOUO0UD XXUXXXX eesesetetertobres 00000000t rttrratesttoorrere 1
®8 0000000000 AXXXX [ 22 22 22 R Y S P A SIS0 0000 A4S0 ES 000 6004 i
| UGUU00U00UD XUXX #4494 0tta st sstssts """""""""""' 1
° 00000UQUQO00 XXXKX ¢+sttesotsesttsrtses srerecerenae 1
1 0000000000  xxxxX v‘oo’g ISP IELILOEY """"" veerre teee
JOOULOULOD XXXXXXX #¢e+ OSSN R N
1 0UV0U0UC XXXXXXX +4¢44% ° ehvtrsttrtrese
UULUOO0 XXXXXXX #4++4449 420 retetrttress
8 UOUCOUU XXXXXXX 4444424204040+ ++00 4044
[ O00US XXXXXX #+4¢¢9+4veasstltvttsosess
UOUD XXXXXX 9442444479240 0000 4o0ttttess
| GOO XXXXX 4464202444224 4044444244904 44 0 .’
1
)
I

9 LEVEL 3
=SS EEEST=3I===SESE
f rertriete
tEerOrLEY
¥ SYMBOL.S serrierey
teesirace
P reerrteee
SYMAP szzsz=s=zTEI=3S
MINIMyM U.22
MAXIMUM 0.51
Fig. Ib

cients (0.91, 0.85, 0.65, 0.76, resp. NE to SE) except
for transect E where the correlation coefficient was
slightly higher than in the one-year-old data. Over-
all, there was a highly consistent curve form and
correlation level ranging across compass direction
and seedling age class.

Regression coefficients (5) ranged from —0.0175
to —0.0477 for one-year-old seedlings and from
—0.0199to —0.0329 for all-aged seedlings. Average

emast¢ranar

B for the one-year-old regressions (—0.0314) was
smaller than for the all-aged regressions (—0.0253);
however, 3 pooled values (£Sxy/LSxx) were highly
similar (-0.0256 and —0.0233, resp.). The largest
difference in average 8 occurred between one-year-
old and = two-year-old regressions (—0.0314 and
—0.0178). Larger 3 values (more gentle slope)
would be expected for curves based on multiple dis-
persal seasons (e.g., all-aged data) compared to a
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Fig. 2a—d. Density-distance distribution of one-year-old Acer saccharum seedlings along four compass directions (a-NE, b-E, c-ESE,

d-SE) from an isolated tree. Y-axis scale is logarithmic.

single season (e.g., one-year-old cohort) because of
the greater probability that the cumulative record
would include stronger winds compared to any
given year. The model for inter-specific compari-
sons should therefore be based on all-age data
which integrate over a wider range of dispersal con-
ditions.

Parallelism among the four regression lines (for
both all-aged and one-year-old data) was rejected
indicating that the slopes of regression were not
statistically equivalent. Beta values correlated

strongly to wind speed parameters for correspond-
ing wind directions. For example, a strong inverse
relationship existed between 3 (one-year-old data)
and average resultant wind speed (r = —0.95)and
average wind speed of the fastest mile (r = —0.97)
for NE, E and SE wind directions for October 1977
(NOAA 1977), the month when the bulk of the Acer
seed was dispersed. Thus, as wind speed increased
along a given vector, seeds were dispersed farther

and computed 8 of the density of progeny in-
creased.
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Fraxinus site

Ash density ranged from 0— 16 seedlings/m? with
an average of approximately 3/m?. A total of 1095
seedlings occurred in the sample quadrats. Densi-
ties were generally highest near the fencerow and
decreased towards the distal ends of the transects.
Seedling densities in the middle transects were
roughly equivalent but were lower on transects
nearest the edge of the sample area. These transects
at the periphery of the seed shadow (transect nos.
I, V, VI) were excluded from further analysis.

Transect nos. 1I, 111, IV occurred well within the
fencerow seed shadow and exhibited comparable
total numbers of seedlings (219, 217, 152).

Data from the three transects were pooled be-
cause the transects were in effect sample replicates
(parallel placement) rather than treatments (i.e.,
different compass directions) as in Acer. Again as
shown earlier for Acer, the untransformed data
were arranged in linear fashion when graphed in
logarithmic series (Fig. 4). The regression coeffi-
cient of —0.0102 was considerably larger than the
pooled g3 for Acer, indicating a more gradual slope
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Fig. 4. Density-distance distribution of Fraxinus seedlings away from a fencerow. Pooled data are from three south-running parallel

transects.

and therefore greater dispersibility for Fraxinus.
The regression coefficient based on pooled data
from the three middle transects was extremely simi-
lar to the regression coefficient from pooled data
for all six transects (—0.0102 vs. —0.0107).

Tilia site

Data from the SE transect indicated interference
from a young Pinus plantation located at the distal
end of the transect. At 1 m distance, seedling densi-
ty was 9/m? dropping to near zero at 25 m, but then

increased to slightly less than 1/m? along the por-
tion of the transect occurring within the plantation.
The upsurge in density was likely due to the de-
crease in wind speed associated with the plantation
canopy and subsequent aggregation of seeds and
seedlings at the leeward edge of the plantation. The
Stransect showed no interference because tree den-
sity in the plantation was far below that of the SE
transect. Therefore data from the S transect were
used to represent Tilia dispersibility.

Density of Tilia seedlings ranged from 0—10/m?
with a mean near 1/m?. No seedlings were recorded
in quadrats beyond 21 m, although adjacent to the
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transect a few seedlings occurred up to 26 m from
the seed source. As was the case for Acer and Fraxi-
nus, the Tilia data clearly approximated a straight
line in logarithmic series (Fig. 5). The regression
coefficient was small compared to those shown
earlier indicating highly restricted dispersal. Again,
there existed a strongly negative correlation with
the log of y and x (r = —0.95, p < 0.0001).

Relative dispersibility

The regression lines (Figs. 2—5) reflect relative dis-
persibility when plotted together using the same in-
tercept (Fig. 6). Curves for Tilia and Fraxinus
represent dispersal by northerly winds. The most
southerly transect available for Acer was SE (all-
aged); the exact field conditions for south transects
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Fig. 6. Relative dispersibility of Tilia, Acer and Fruxinus. Linear regression equations for Fruxinus and Tilia are in Fig. 4 and Fig, 5,
resp. Acer regression line is based on equation for SE compass direction (Fig. 3d). Regression lines to compare dispersibility are based

on the same line intercept (10.0).

could not be found in the region. Mean wind speed
of N and NW winds during the month of October
1977 (NOAA 1977)were nearly identical (5.2 vs. 5.1
m/sec, resp.).

The series of curves indicated the following rela-
tive order of dispersibility, from least to most:
Tilia,Acer, Fraxinus. Quantitatively, 8 values indi-
cated dispersibility ratios of 1:2.6:3.2, i.e., Acer ex-
hibited a 2—3 fold greater dispersibility than Tilia,
and Fraxinus exhibited about a three fold greater
dispersibility than Acer. The ratio between Acer
and Tiliamay be a slight overestimate and between
Acer and Fruxinus a slight underestimate because
of the higher presumed release height for Acer. The
dispersibility ratio between Tilia and Fraxinus was
1:8.3. The distance at which an order-of-magnitude
decrease in density is reached would therefore be 12

m for Tilia, 31 m for Acer and 99 m for Fraxinus.
Patches of vegetation farther than several hundred
meters from sources of these relatively heavy, wind-
dispersed seeds would have extremely low input of
seeds.

Discussion

The 3 values reported represent near minima (i.e.,
maximum dispersibility) for each species under
these field conditions. Slopes from relatively iso-
lated seed sources should be flatter compared to
forest interiors where wind speeds are reduced.
Also, the 8 values were computed from seedling
densities dispersed by northerly winds which exhibit
the greatest average (1965-—1974) wind speeds



(NOAA 1978). The ratios of dispersibility should
remain relatively constant around the wind rose.

An important finding was the greater apparent
dispersibility of Fraxinus than Acer (3.2: 1). The
opposite would be predicted from fall rate; Acer
has a lower terminal velocity (102 cm/sec) than
Fraxinus (162 cm/sec) (Green 1980). McCutchen
(1977) noted, however, that while the seeds of Acer
should disperse farther in the low wind-speeds of
forests, they are decidedly less stable in gusty, high-
speed winds. Acer seeds descend like an autogiro,
while Fraxinus seeds rotate about their long axis
while also spinning around as they descend. Greater
seed stability should produce greater dispersal of
Fraxinus than Acer from isolated or fencerow trees
exposed to the strongest winds in fragmented land-
scapes.

Differences between the species in dispersal phe-
nology, not just in the samara plan, also help to ex-
plain the flatter seedling shadow for Fraxinus. To
illustrate, the bulk of the Acer seed crop was dis-
persed in southern Wisconsin in late September
through October before leaf abscission was com-
plete. In northern Michigan, one-half of the seed
crop had been dispersed by the end of September
(Benzie 1959). Fraxinus seed, however, disperses
after leaf abscission in November and continues
through the winter months (Schopmeyer 1974).
Average wind speed during Acer dispersal (Sept. —
Oct.) was 7.0 m/sec and 8.1 m/sec during Fraxinus
dispersal (Nov.—March) (NOAA 1978). The
stronger winds during the dispersal of Fraxinus
coupled with the greater average wind speed in the
canopy due to the loss of foliage could have signifi-
cantly increased dispersal relative to Acer. More-
over, the apparently poorly-formed abscission lay-
er of Fraxinus samaras should have allowed release
only during stronger winds, with the result that a
larger portion of the seed crop was dispersed
farther.

The results suggest that the relative dispersibility
of species with different samara plans can shift sub-
stantially between forest conditions, where seed fall
rate may be a good predictor, to the windier, more-
turbulent conditions in highly-fragmented land-
scapes, where samara stability may be a more criti-
cal measure. While experimentally-derived mea-
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sures of dispersibility based on seed morphology
are of obvious value, they should be integrated with
knowledge of the differences among species in dis-
persal phenology and in the meteorologic environ-
ment during the period of seed release.

Estimation of dispersibility using seedling sha-
dows is time-efficient compared to seed trap
studies. The approach also obviates the need to de-
termine the amount of empty seed and germinabili-
ty; the former can vary with dispersal distance
(Stergios 1976 found greater dispersal of lighter,
empty seeds of Senecio). It remains difficult in
either approach to estimate dispersibility of very
light wind-dispersed seeds (e.g., Populus) or disper-
sal of a small portion of the seed crop especially
long distances under unusual meteorologic condi-
tions. Measurement of dispersibility of ani-
mal-dispersed seeds requires special methods (Smith
1975, McDonnell and Stiles 1983; Johnson and Ad-
kisson 1985; Holthuijzen 1985).

A drawback of the seedling shadow method to es-
timate plant vagility is that it requires finding seed
trees next to spatially uniform sites which contain
at least several cohorts of reproduction. In heavily-
agriculturalized landscapes such as southeastern
Wisconsin, however, few such sites untended by
humans occurred. Replicate sites could not be
found. The approach needs to be tried in land-
scapes where replicate, regenerating forests are
more common. It is also difficult to determine the
extent to which small, unapparent asymmetries in
the environment or differences between line and
single seed sources may have affected seedling
shadows. Uniformity in seedling environment
could be checked by sowing known number and
quality of tree seeds in plots leading away from seed
trees and monitoring predation, recruitment and
seedling survival.

The ratios of dispersibility reported here can be
used as coefficients in mathematical models of spe-
cies’ persistence in landscapes (e.g., DeAngelis et
al. 1979; Johnson et al. 1981). Future use and
refinement of these models in combination with im-
proved parameter estimates from field experiments
should improve our understanding of extinction
potential in fragmented landscapes where propa-
gule exchange among forest remnants has become
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limited by the land use patterns imposed by hu-
mans. These results indicate that patches of vegeta-
tion farther than several hundred meters from
sources of relatively heavy, wind-dispersed seed
would have extremely low seed input.
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