
Abstract Competition for pollination can be an impor-
tant factor in plant reproduction, but little attention has
been given to the effect of the growing number of inva-
sive plant species on pollination of native species. As a
first step in understanding this threat, we used hand pol-
lination to investigate the effects of pollen from an inva-
sive species (Lythrum salicaria) on seed set in a sympa-
tric and co-flowering native congener (L. alatum). Dis-
persal of fluorescent dyes in the field confirms that polli-
nators (bumble bees and honey bees) transfer pollen be-
tween species. To determine the potential effect of such
interspecific pollen transfer on seed set of the native, we
pollinated 773 flowers on 20 plants with one of three
treatments: legitimate conspecific pollen, a mixture of
conspecific and foreign pollen, and foreign pollen. The
mixed-pollen treatment resulted in 28.8% lower seed set
relative to conspecific pollination. Foreign crosses re-
sulted in extremely low seed set. Observations of pollen
germination indicate that events at the stigmatic surface
contribute to the reduction in seed set for mixed pollina-
tion. Our results indicate that the impacts of invasive
species may extend beyond vegetative competition to in-
clude competition for pollination.

Keywords Dye transfer · Heterostyly · Hybridization ·
Interspecific pollen · Lythrum

Introduction

Invasive plant species are frequently considered excel-
lent competitors for resources, but rarely has their impact
on competition for pollinator services been considered.
Such competition could occur through changes in polli-
nator behavior and result in reduced visitation (reduced
pollen quantity), or in deposition of heterospecific pollen
(reduced pollen quality).

Flowers often receive pollen from other species be-
cause of the inconstant foraging behavior of pollinators
(Waser 1978, 1983; Ganders 1979; Schemske 1981; 
Rathcke 1983; Feinsinger et al. 1986; Jennersten et al.
1988; Arroyo and Dafni 1993; Murphy and Aarssen
1995a; McLernon et al. 1996). Such interspecific pollen
transfer (IPT; Waser 1983, also Rathcke 1983) has been
recognized as an important mechanism through which
plants can compete for pollination services (Waser 1983;
Rathcke 1983), in part because it can impair seed set
even in the absence of pollinator limitation (Waser 1983;
Randall and Hilu 1990; Petanidou et al. 1995; Bergman
1996). IPT can reduce seed production in several ways,
including pollen allelopathy (Char 1977; Sukhada and
Jayachandra 1980; Thomson et al. 1981; Murphy and
Aarssen 1995a, b, c, d), stigma clogging (Shore and 
Barrett 1984; Galen and Gregory 1989; Proctor et al.
1996), stigma closing (Waser and Fugate 1986), stylar
clogging (Palmer et al. 1989; Scribailo and Barrett
1994), and stylar inhibition (Williams et al. 1982; 
Cruzan 1990, 1993). Even when IPT does not reduce
seed set (Schemske 1981; Shore and Barrett 1984; Kohn
and Waser 1985; Kwak and Jennersten 1986; Galen and 
Gregory 1989; McGuire and Armbruster 1991), it may
reduce male fitness (Waser 1978; Campbell and Motten
1985; Feinsinger et al. 1986; Jennersten and Kwak 1991;
McGuire and Armbruster 1991) through pollen loss. Fur-
thermore, when co-flowering plants are closely related,
IPT may also cause interspecific gene flow and hybrid-
ization (Scheffler and Dale 1994; Bing et al. 1996;
Brown and Brown 1996; Bartsch et al. 1999; Ellstrand 
et al. 1999).
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Most studies of competition for pollination have 
focused on interactions between native species 
(e.g., Campbell and Motten 1983, 1985; Waser 1983; 
Feinsinger et al. 1986; Galen and Gregory 1989; 
McGuire and Armbruster 1991; but see Free 1970).
However, the increasing worldwide incidence of inva-
sion by alien plant species (Wilcove et al. 1998) raises
the possibility that pollination of natives might suffer
when they are sympatric with one of the many invasives.
Invasives could affect pollination of both wind-pollinat-
ed (through reduction in pollen quality) and animal-pol-
linated plants (through reduction in pollen quantity and
pollen quality). Where invasives are abundant, their
competitive effects on natives may extend a considerable
distance, since pollinators may forage over large distanc-
es and wind may disperse pollen widely. This is in con-
trast to the situation for vegetative competition, which
requires quite close proximity, and has been much more
heavily studied. More studies on the effects of invasive
species on pollination of natives are required before the
severity and extent of this potential threat can be proper-
ly evaluated.

We studied the effect of the invasive Lythrum salicaria
(purple loosestrife) on pollination of native L. alatum
(winged loosestrife). These two animal-pollinated species
are well suited for this work because they flower syn-
chronously and in close sympatry, share pollinators, and
have similar floral morphologies. Furthermore, the inva-
sive L. salicaria produces large and rewarding flowers,
and is heavily visited by pollinators, indicating that it has
the potential to affect pollination of other native North
American species in addition to L. alatum.

In this paper we specifically address two questions:
(1) Does pollen from the invasive L. salicaria reach stig-
mas of the native species in the field? (2) Does the pres-
ence of foreign pollen from L. salicaria reduce seed set
in L. alatum? We also explore possible mechanisms for
the observed reduction in seed set. Elsewhere we docu-
ment effects on visitation rates and seed set in field pop-
ulations and in artificial arrays of these species (Brown
1999).

Materials and methods

Experimental organisms

Lythrum salicaria L. (Lythraceae) is an invasive Eurasian perenni-
al up to 2 m in height which invades wetlands, creating floral
monocultures and reducing faunal diversity (Thompson et al.
1987; Mal et al. 1992). The large, tristylous flowers are purple to
rose-purple, and form showy terminal spikes (Graham 1975).
Lythrum alatum Pursh is the most widespread native species of
Lythrum in the United States. It is a perennial up to 1 m in height,
commonly found in the eastern United States, and much less
showy than L. salicaria. The small, distylous flowers are light to
medium purple and occur singly or in pairs in the leaf axils 
(Graham 1975).

L. salicaria and L. alatum are both wetland species, and al-
though L. salicaria is found in slightly moister habitats there can
be extensive areas of overlap (up to several hectares; B. Brown,
personal observation) where the species co-occur. In these areas of

sympatry, the two species are frequently within 1 m of each other
(e.g., mean nearest neighbor distance between these species of
0.58±0.12 m, n=15 at Ottawa National Wildlife Refuge, Ohio,
USA, random sample along a transect at the interface between the
two population). The species are sympatric throughout most of
their northern range and flower simultaneously for 6–8 weeks.
During the blooming period L. alatum plants average 16±3.3 open
flowers (mean±SE, n=26) whereas L. salicaria averages 120±29.2
flowers (n=31). The flowers of both species are similar in shape
and color, although individual flowers of L. salicaria are substan-
tially larger than are those of L. alatum (mean + SE petal length
for L. salicaria=8.71±0.26, n=47; for L. alatum=2.23±0.16 n=46).
In field populations there is nearly complete overlap in the polli-
nator fauna of these two species – most visits are by bumble bees
and honey bees, both of which move freely between the two spe-
cies (Levin 1970; Brown 1999).

Both species are heterostylous, with stigma and stamens at dif-
ferent heights within a flower, but one floral morph per plant.
L. salicaria is tristylous with flowers on a plant exhibiting one of
three stigma heights (short, mid and long) and two whorls of sta-
mens. L. alatum is distylous with two stigma heights (short and
long) and one whorl of stamens. Both species exhibit other hetero-
stylous morphological characters, including morph-specific pollen
size (Darwin 1877) and stigmatic papillae length (B. Brown, 
unpublished data). Most heterostylous species, including L. sa-
licaria, produce no seeds when crossed with plants of the same
morph, but do produce seeds when crossed with plants of another
morph (Barrett 1992; O’Neil 1994), such that maximum seed set
requires legitimate pollen from another plant of a different morph
(Darwin 1877). Following the terminology of Cruzan and Barrett
(1993) we use the term “legitimate pollination” to refer to pollen
transfer from anthers at the same height as the stigma. Within-
morph incompatibility and between-morph compatibility are sus-
pected but unconfirmed in L. alatum.

Foreign pollen

Seeds collected from populations at Ottawa National Wildlife Re-
fuge (Ottawa County, Ohio, USA) in 1996 were stratified for
3 months and grown in the greenhouse in spring 1997. From these
plants, we selected 40 L. alatum and 15 L. salicaria (equal morph
frequencies for each species). The 15 L. salicaria and 20 of 
the L. alatum were designated pollen donors. The remaining 20 L.
alatum were pollen recipients. Entire plants were bagged and
maintained in the greenhouse during the experiment.

For 5 weeks beginning 23 July 1997 we used toothpicks to polli-
nate open flowers with one of the following three treatments: legiti-
mate L. alatum pollen (all L. alatum pollen), mixed (equal numbers
of anthers from each species), foreign (all L. salicaria pollen). Pol-
len for the legitimate mixture was obtained by removing 12 anthers
each from 10 plants of the legitimate morph (a total of 120 anthers).
We obtained pollen for the mixed pollen application by removing 6
anthers from each of 10 plants of L. alatum and 6 anthers from each
of 9 L. salicaria (3 plants of each morph; 114 anthers in total across
species). The foreign mixture was obtained by removing 12 anthers

44

Table 1 Mixed model ANOVA for seed set after hand pollination
with legitimate Lythrum alatum or mixed (L. alatum + L. salic-
aria) pollen load; model R2=0.649. Because Plant (Morph) is a
random factor, we tested Treatment, Plant (Morph) and Treatment
× Morph over Error, while Morph is tested over Plant (Morph)

Source df MS F P

Treatment 2 3,731 19.32 <0.0001
Morph 1 665 2.36 0.13
Plant (Morph) 18 342 1.77 0.09
Treatment × Morph 2 37 0.19 0.8
Error 25 193



from each of 9 L. salicaria, (3 plants of each morph; 108 anthers).
Anthers were placed in 1.5-ml microcentrifuge tubes, exposed to
60 W incandescent light at 8 cm for 30 min to allow anthers to de-
hisce fully and were stirred with tooth picks to facilitate complete
mixing of the pollen prior to application. Pollen production per
flower for L. salicaria is twice that of L. alatum (respectively, mean
+ SE =11,454+1,333, n=22; vs 5,577+654, n=38); pollen produc-
tion does not differ significantly among morphs within either spe-
cies. Pollen from the two species is indistinguishable because of
similarity in structure and size. These pollination methods typically
deposited 400–500 pollen grains on stigmas, an amount that should
be sufficient for full L. alatum seed set even for the mixed treatment
(personal observation).

All open flowers on treatment days received one of the three
treatments. We emasculated short-morph flowers just before hand-
pollination, to reduce the amount of self-pollen they received.
Treatments were indicated by color-coded acrylic paint applied to
the calyx. We collected fruits when mature and determined seed
set using a dissecting scope at 6×.

We used mixed-model ANOVA in SAS (SAS Institute, Cary,
N.C.) to analyze variation in seed set/fruit (number of seeds/devel-
oped fruit) and proportion fruit set (no. of developed fruits/no. of
pollinated flowers). Developed fruits are any capsules containing
mature seeds. To avoid pseudoreplication, we used means for each
plant-treatment combination as the unit of sampling. All residuals
were normally distributed and showed no significant heteroscedas-
ticity. We considered effects of treatment and morph to be fixed,
and effects of plant nested within morph to be random, and there-
fore derived denominator MS for F tests following Winer (1971;
see Table 1 for specifics).

From a total of 773 flowers pollinated (long 378: 128 legiti-
mate, 132 mixed, 118 foreign; short 395: 136 legitimate, 131
mixed, 128 foreign), 605 were recovered. The remaining fruits
presumably had zero seed set since mature fruits are very difficult
to remove from a branch, while those with no seed set readily de-
tach (personal observation, B. Brown and S. Graham, Kent State
University, Kent, Ohio).

Dye transfer

During August 1998, we used three L. salicaria plants (one of each
morph) to determine if pollen moved between L. alatum and
L. salicaria. Because their pollen is indistinguishable, we used flu-
orescent orange dye particles (Radiant Color, Richmond, Calif.) as
a pollen analog for L. salicaria to track pollen transfer in arrays of
potted plants (Waser 1988; O’Neil 1992). For each array, four pot-
ted L. alatum plants (two plants per morph) were placed at the cor-
ners of a 1 m square surrounding a single L. salicaria plant. There
were a total of three arrays, one for each L. salicaria morph. Using
a toothpick we placed dye on all anthers of 30 flowers on the
L. salicaria plant. We took great care to prevent contamination of
L. alatum while applying dye to L. salicaria, for example, chang-
ing clothes and thoroughly washing hands and arms before harvest-
ing L. alatum. Other Lythrum plants in the vicinity were at least
5 m distant from the experiment. After 3 h, we collected all open
L. alatum flowers and placed them in individual microcentrifuge
tubes. Within 24 h, we examined each stigma for the presence and
number of dye particles using a dissecting scope at 50×. We repea-
ted this procedure on 3 consecutive days, rotating the L. salicaria
between the three sets of L. alatum, for a total of 9 array-days. We
analyzed the data using ANOVA. We considered individual recipi-
ent plants on each day as our unit of sampling, and therefore ana-
lyzed mean number of dye particles per flower, and proportion of
flowers with dye for each plant on each day. Number of particles
present was square root transformed, while it was not necessary to
transform the percentage of stigmas receiving dye.

Pollen tube growth

In August 1998, we randomly selected eight long- and eight short-
styled L. alatum plants from those available. Ten of these plants

were designated pollen recipients (five short- and five long-styled
plants) while the remaining six were designated pollen donors. We
also chose six L. salicaria plants (two of each morph) to serve as
pollen donors. Each species was represented by equal morph fre-
quencies and all plants were bagged 24 h prior to the beginning of
the experiment. We applied one of three pollen treatments to re-
cipient plants using toothpicks: 100% legitimate, 100% foreign,
and no pollen. We obtained pollen for the legitimate treatment by
removing anthers from two flowers from each donor plant (six
flowers per morph). For the foreign pollen treatment we removed
anthers from one flower on each L. salicaria morph, or the equiva-
lent of two flowers per morph. This procedure was repeated twice,
once for each morph of L. alatum. All pollen mixtures were treat-
ed as above.

On each plant 4–6 flowers received each treatment. As above,
we emasculated short-morph flowers prior to pollination. Twenty-
four hours after the initial application of pollen, we harvested 2–3
flowers and removed the pistil and placed it in a 1.5-ml microcen-
trifuge tube and added 1.5 ml FAA preservative (Dafni 1992) for
24 h, then replaced it with 70% ethanol. We replicated this experi-
ment twice in late August 1998. After staining with aniline blue
dye (Dafni 1992) we viewed pistils under epifluorescence micros-
copy and counted the total number of pollen tubes that had grown
to the base of the style. Because pollen and pollen tubes of the two
species cannot be distinguished, counts are totals of pollen tubes
for that flower.

We used ANOVA on plant means for each treatment to test for
variation in 24-h pollen tube growth as a response to treatment,
morph, plant (morph) and the interaction of treatment and morph.
All residuals were normally distributed but showed significant
heteroscedasticity. However, log transformations equalized vari-
ances among treatment-morph combinations. In the interest of
clarity and simplicity we present the untransformed analysis here,
but patterns of statistical significance are identical for the log
transformed analyses.

Results

Foreign pollen

Pollination with a mixture of legitimate and foreign pol-
len reduced L. alatum seed set by 28.8%, compared to
legitimate pollination (Fig. 1), while seed set in the for-
eign treatment was extremely low (see below). Pollina-
tion treatment significantly affected seed set for L. ala-
tum (Table 1), and a priori contrasts indicate that seed set
in the legitimate treatment is significantly higher than in
the mixed or foreign treatments (F1, 25=14.2, P<0.001,
and F1, 25=34.4, P<0.0001 respectively). Seed set did not
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Fig. 1 Seed set by morph following pollen treatments: Legiti-
mate=100% legitimate Lythrum alatum, Mixed=L. salicaria and
L. alatum, Foreign=100% L. salicaria pollen. Values shown are
means + SE. For each bar n=10 plants, except for the foreign treat-
ment where n=2 for long morph and n=7 for short morph, 389
fruits total



vary significantly among morphs, plants, or morph treat-
ment combinations. Pollination with only foreign pollen
resulted in low, but non-zero seed set per fruit (long
morph 1.33 seeds/fruit; short morph 10.04 seeds/fruit),
indicating the potential for limited hybridization (Fig. 1).
Note, however, that seed set for the foreign pollen treat-
ment occurred almost exclusively in the short morph
(98.4% of 245 putative hybrid seeds). Fruit set varied
significantly with treatment and among plants within
morphs (Table 2, Fig. 2). The interaction of treatment
and morph was significant, primarily because the foreign
pollen treatment caused a reversal in the rank perfor-
mance of the two morphs (Fig. 2). A planned contrast 
indicates that there was no significant difference in 
fruit set between the legitimate and mixed treatments 
(F1,36=1.48, P=0.23), but that there was a significant re-
duction for the foreign treatment (F1,36=150, P<00001).

Dye transfer

Dye commonly moved from L. salicaria to L. alatum in
our arrays; overall, we found dye on 63.3% of the L. ala-
tum flowers (Fig. 3) after only 3 h of exposure to polli-
nators. Despite the high proportion of L. alatum flowers
receiving dye from L. salicaria, those flowers received
relatively few particles of dye during 3 h exposure
(Fig. 4). In both analyses, recipient morphs did not vary,
nor did donor morphs (Tables 3, 4), and the only signifi-
cant source of variation was replicate, indicating signifi-
cant variation in dye dispersal among days. 

Pollen tube growth

The number of pollen tubes reaching the bottom of the
style after 24 h varied among treatments and morphs
(Fig. 5, Table 5), with conspecific pollen producing three
times more tubes than in the unpollinated controls.
Planned contrasts revealed no significant difference in
the number of pollen tubes for unpollinated control flow-
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Table 2 Mixed model ANOVA for proportion fruit set after hand
pollination with legitimate L. alatum or mixed (L. alatum + L.
salicaria) pollen loads; model R2=0.875. Denominator MS as in
Table 1

Source df MS F P

Treatment 2 2.18 91.49 <0.0001
Morph 1 0.04 0.58 0.46
Plant (Morph) 18 0.07 2.98 0.003
Treatment × Morph 2 0.16 6.81 0.003
Error 36 0.02

Fig. 2 Proportion fruit set per plant by morph following pollen
treatments: Legitimate=100% legitimate L. alatum, Mixed=L. ala-
tum and L. salicaria, Foreign=100% L. salicaria pollen. Values
shown are means + SE. n=10 plants per bar

Fig. 3 Percent of L. alatum flowers receiving fluorescent dye
from L. salicaria after 3 h. Values shown are means + SE. n=6
plants-day/bar

Fig. 4 Number of fluorescent dye particles received by L. alatum
flowers from L. salicaria after 3 h. Values shown are means + SE.
n=6 plants-day/bar

Table 3 ANOVA for percentage of L. alatum flowers/plant re-
ceiving dye; model R2=0.155

Source df MS F P

Recipient morph 1 0.23 3.29 0.08
Donor morph 2 0.09 1.21 0.31
Replicate 2 0.23 3.29 0.052
Recipient morph×Donor morph 2 0.04 0.55 0.59
Error 28 0.07

Table 4 ANOVA for the number of dye particles on L. alatum
flowers after 3 h; model R2=0.127

Source df MS F P

Recipient morph 1 0.31 0.80 0.38
Donor morph 2 1.08 2.72 0.08
Replicate 2 1.70 4.30 0.02
Recipient morph×Donor morph 2 0.16 0.39 0.70
Error 28 0.40



ers and those pollinated with pollen of L. salicaria
(F1,16=2.15, P>0.16), but significantly more tubes for
flowers pollinated with L. alatum pollen compared to
those pollinated with L. salicaria (F1,16=8.5, P<0.01).
Despite our efforts to prevent contamination, the unpolli-
nated flowers occasionally had pollen tubes. This raises
the possibility that the tubes found in the foreign treat-
ment are not from L. salicaria, but instead result from
self-pollination. This reinforces our conclusion that
L. salicaria pollen tubes are less successful than are le-
gitimate conspecific pollen. 

Discussion

We found that L. salicaria pollen can substantially de-
crease seed set in L. alatum under our experimental con-
ditions and that such foreign pollen transfer may be com-
mon in the field. This result, along with work in field
populations (Brown 1999), suggests that the potential for
invasives to out-compete native species may be magni-
fied by the effect of competition for pollination through
IPT, deepening the danger of invasives to the native spe-
cies with which they share pollinators or pollination
agents.

Foreign pollen

The reduction in seed set experienced by L. alatum with
the presence of foreign pollen may have several explana-
tions. First, L. salicaria pollen may prevent L. alatum

pollen from adhering to stigmatic papillae (Galen and
Gregory 1989; Randall and Hilu 1990). This could affect
both morphs of L. alatum given the variety of sizes of
L. salicaria pollen and the papillae lengths of L. alatum
morphs (Mulcahy and Caporello 1970; and B. Brown,
personal observation). Different papillae heights between
morphs could accommodate different sizes of pollen so
that some morph:donor combinations might be less or
more effective than others in reducing seed set.

Second, L. salicaria pollen might usurp ovules by fer-
tilizing them before L. alatum pollen. We think this is
unlikely for two reasons. First, foreign pollination pro-
duces too few hybrids to account for the reduction in
seed set for the mixed treatment compared to the legiti-
mate treatment. Second, there are too few L. salicaria
tubes at the base of the style to allow other factors such
as fertilization and subsequent abortion of ovules to play
a role in seed set reduction.

Third, L. salicaria pollen may prevent pollen germi-
nation or pollen tube growth, either mechanically
(Thomson 1989) or chemically (Char 1977; Sukhada and
Jayachandra 1980; Cruzan 1990; Murphy and Aarssen
1995a, b, c, d). It is unlikely that the reduction is due 
to pollen allelopathy given that previous studies of alle-
lopathy show a considerable reduction in seed set with
only a small number of allelopathic pollen grains pres-
ent. For example, Thomson et al. (1981) found almost
complete reproductive failure in ovule development 
with additions of 50% allelopathic pollen. Murphy and 
Aarssen (1995d) found a 70% reduction in seed set when
pollen extract from only five pollen grains from Phleum
pratense was applied to stigmas of Agropyron repens.
Our data do not indicate such a dramatic decrease in seed
set, and instead exhibit a more gradual decline with
abundance of foreign pollen, suggestive of stigma or
stylar clogging (Palmer et al. 1989; Scribailo and Barrett
1994) or stigma inhibition. Visual inspection of L. sali-
caria pollen on L. alatum stigmas 24 h after application
(unpublished data) revealed corkscrew-shaped pollen
tubes and oblate tips characteristic of an inhibition reac-
tion at the stigmatic surface (Williams et al. 1982). Thus,
events at the stigmatic surface are probably responsible
for at least part of the reduction in seed set for mixed
pollination. In experimental applications of mixed pollen
where both donors were known, Cruzan (1990) found
that certain donors appeared to have a “bad apple” effect,
reducing pollen tube growth for any pollen which was
applied simultaneously, although this is not always the
case (Snow and Spira 1996). It is unlikely that this re-
duction in seed set in L. alatum is due to pollen limita-
tion, since we applied excess conspecific legitimate pol-
len. A “bad apple” reaction or other stigmatic interfer-
ence seem likely explanations for the partial reduction in
seed set we observe in L. alatum with the presence of
L. salicaria pollen.

The non-significant tendency towards greater seed set
in the long morph for our legitimate and mixed treat-
ments is typical of heterostylous species (Ganders 1979)
but the reverse of this common pattern in the foreign
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Fig. 5 Number of pollen tubes at the bottom of styles of L. alatum
24 h after receiving one of three pollen treatments: Unpollinated,
Legitimate=100% legitimate, or Foreign=100% L. salicaria. 
Values shown are means + SE. n=10 plants/bar

Table 5 Mixed model ANOVA for number of pollen tubes at the
bottom of styles of L. alatum 24 h after pollination with L. alatum
pollen, L. salicaria pollen, or unpollinated; model R2=0.749. De-
nominator MS as in Table 1

Source df MS F P

Treatment 2 118.2 4.23 0.03
Morph 1 220.4 6.52 0.03
Plant (Morph) 8 33.8 1.21 0.35
Treatment×Morph 2 45.6 1.63 0.23
Error 16 27.9



pollen treatment is noteworthy. We suggest that stylar in-
hibition may be responsible for this since L. salicaria
tubes must travel farther through long morph styles
(Thomson 1989), potentially allowing selective inhibi-
tion (Cruzan 1990, 1993) of foreign pollen, and causing
reduced seed set in the long morph. Thus stylar inhibi-
tion of foreign pollen tubes may help reduce rates of hy-
bridization. Such a reaction would also explain the less
dramatic reduction in seed set with increasing presence
of L. salicaria pollen.

Potential for hybridization and introgression

Although seed set with the foreign pollen treatment was
extremely low, some putative hybrid seed formed
(Fig. 1). Attempts to ascertain if these seeds were hy-
brids were unsuccessful due to their poor germination
rate and very limited growth. Anderson and Ascher
(1994) have found individuals with morphological char-
acters intermediate between these two species in the
field. They also report fertile crosses of L. salicaria and
L. alatum (Anderson and Ascher (1993, 1994) in the lab-
oratory. The work of Strefeler et al. (1996) with allo-
zymes suggests that introgression may have already oc-
curred between L. salicaria and L. alatum. If hybridiza-
tion and/or introgression occur, the potential exists for
the creation of a variety of L. salicaria which can invade
the drier habitats characteristic of L. alatum. This could
lead to invasion of even greater areas as previously limit-
ing factors are overcome by importing adaptive capabili-
ties from one species to another.

Potential for impact of foreign pollen in the field

We found that dye and – by inference – pollinators and
pollen frequently move from L. salicaria to L. alatum
separated by 1 m., a distance that frequently occurs in
field populations. Thus, the potential for L. salicaria to
decrease L. alatum seed set and reproduction, and per-
haps even to hybridize with that species, may be an im-
portant threat to the persistence of L. alatum as a spe-
cies.

Summary

Our research shows that flowering invasive species
may pose a threat to native species by reducing seed set
through stigma or stylar clogging. Furthermore, the po-
tential for hybrid formation may exist for invasives
which are congeneric with native species. Should such
hybridization allow increased competitive ability for
the invasive, native populations would be at even 
greater risk. Such reproductive and genetic effects,
while challenging to detect, are potentially important to
the survival of native species and warrant further re-
search.
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