1819

Reproductive biology of island and mainiland
populations of Primula mistassinica
(Primulaceae) on Lake Huron shorelines

Brendon M.H. Larson and Spencer C.H. Barrett

Abstract: To investigate the influence of insularity on plant reproductive biology at a local geographic scale, we
examined aspects of reproduction in distyldasmula mistassinicaMichx. (Primulaceae) on Lake Huron shorelines of

the Bruce Peninsula and adjacent Tobermory Islands in Ontario, Canada. A total of 7 mainland and 13 nearshore island
populations were compared. Controlled pollinations demonstratedPthaistassinicgpossesses a dimorphic

incompatibility system with intermorph crosses setting significantly more seeds than self or intramorph crosses.

Floral morphology, population style-morph ratios, and seed fertility were compared in mainland and nearshore island
populations to determine whether there was evidence for differences in reproductive traits between these areas.
Style-morph ratios did not differ significantly from equilibrium expectations, and there were no consistent differences
between island and mainland populations in floral morphology or fertility. Rather, the generalized pollination system of
P. mistassinicaand extensive historical opportunities for colonization appear to have mitigated insular effects so that
proximate ecological factors are more relevant to the current reproductive biology of populations.

Key words distyly, insularity, pollination, reproductive biology.

Résumé: Afin d'étudier I'influence de I'insularité sur la biologie reproductive des plantes a I'échelle géographique
locale, les auteurs ont examiné des aspects de la reproduction cReimigda mistassinicaMichx. (Primulaceae)

distyle, venant sur les rives du lac Huron bordant la péninsule de Bruce et sur les Tles Tobermory adjacentes, en
Ontario, au Canada. lls ont comparé au total 7 populations continentales et 13 populations insulaires riveraines. La
pollinisation contr6lée démontre que e mistassinicgpossede un systeme d’incompatibilité dimorphe, les croisements
intermorphes donnant naissance a un nombre significativement plus élevé de graines que les autocroisements ou les
croisement intramorphes. lls ont comparé la morphologie florale, les rapports style-morphe des population et la fertilité
des graines dans les populations continentales vs. les populations insulaires riveraines, afin de détdryniaatesi

preuves confirmant les différences des caracteres reproductifs entre ces deux sites. Les rapports style-morphe ne
different pas significativement des équilibres attendus, et il n'y a pas de différences congruentes entre les populations
continentales et insulaires au niveau de la morphologie florale et de la fertilité. Au contraire, le systéme de
pollinisation généralisé d®. mistassinicaet les opportunités historiques importantes semblent avoir estompé les effets
insulaires de sorte que les facteurs écologiques immédiats sont plus pertinents a la biologie reproductive usuelle des
populations.

Mots clés: distylie, insularité, pollinisation, biologie reproductive.

[Traduit par la Rédaction]

Introduction Finally, island pollinator faunas are often depauperate, so
: . . fertility may decline in island populations unless countered
_ The reproductive biology and genetics of plant popula, e eyolution of selfing mechanisms. Although recent
tions on islands may differ from mainland populations in ¢ gies have supported the second prediction by comparing
several respects (reviewed in Ehrendorfer 1979; Barretf,o genetic diversity of island and mainland populations (re-
1996). First, adaptations for self-fertilization are likely in is- viewed in Frankham 1997 and see Affre et al. 1997), there
land populations as they increase the probability of esta ave been relatively few island—mainland comparisé)ns of

Iishmlentdfollowling difspersal_. Sec_on_d, its)land Co'%nizati%nbreeding systems and pollination. Existing comparisons typi-
may lead to a loss of genetic variation because of foundegy test Baker’s (1955) prediction that self-compatible spe-
effects and genetic drift in small founding populations.

cies are more likely to colonize islands and have mostly

involved interspecific comparisons at large geographic

. scales (Barrett 1996, and references therein). Intraspecific
Received March 10, 1998. studies at small scales that would allow explicit comparisons
B.M.H. Larson and S.C.H. Barrett.! Department of Botany, of reproductive traits in mainland and island populations are
University of Toronto, 25 Willcocks Street, Toronto, ON generally lacking.

M5S 3B2, Canada. The paucity of intraspecific studies may reflect the as-

IAuthor to whom all correspondence should be addressed.  sumption that gene flow at small geographic scales will pre-
e-mail: barrett@botany.utoronto.ca vent evolutionary divergence (e.g., Halkka and Halkka
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1974). It seems unlikely, however, given the evidence for lo-Reproductive biology

cal adaptation at even more restricted spatial scales in plant To document distyly irP. mistassinicameasurements of stigma
populations (Snaydon 1970; Antonovics 1976; Turkingtonand anther height, and pollen size and number were made in a pop-
and Aarssen 1984), that colonization of islands within re-ulation at Cape Hurd on the Bruce Peninsula (see Fig. 1). Stigma
gional archipelagoes will fail to cause significant changes tcnd anther height were measured on single flowers sampled from
plant reproductive biology. Recent intraspecific investiga-2> Plants per style morph, using camera lucida and Sigma-Scan
tions have indeed shown that insular effects can be prese yersion 2.6, Jandal Scientific 1986) connected to a digitizing tab-
at a local scale, in terms of lowered reproductive succes et. Ten pollen grains from six plants of each morph were mea-

. . : Sured using Northern Exposure image analysis software (release
(Linhart and Feinsinger 1980; Spears 1987) and adaptive '€ 9x, Empix Imaging 1995), and their sizes compared using

duction of dispersal ability (Cody and Overton 1996). None-aANOVA, with morph and plant nested within morph as main ef-
theless, studies that examine patterns of floral morphologects. To compare pollen production of the floral morphs, anthers
and breeding-system variation between numerous islandsom twelve flowers per morph were acetolyzed (Kearns and Inouye
and the nearby mainland are rare. 1993) and the pollen grains suspended in lactophenol—glycerin
To investigate the possible effects of insularity on islangwith cotton blue stain before four replicate counts were made using
plant populations at a local scale, we compared 7 mainlané hemacytometer. Pollen counts for the style morphs were com-

- . - . pared using a Studentstest. All statistical analyses were con-
and 13 nearshore island populationsfsimula mistassinica ducted using JMP (version 3.0.2; SAS Institute Inc. 1994).

'\BAIChX'P(Pr!mUIﬁceaZ)TOB Lake I-:ulrondShge“?_es alqng the The compatibility of the floral morphs was investigated by us-
bruce Feninsula and 1obermory Isiands (, ig. 1), paying par|'ng plants transplanted to a glasshouse prior to flowering. Three
ticular attention to aspects of the species’ floral morpholog¥owers on 10 plants of each style morph were randomly allocated

and bre_eding system. The islands vary in size from abouly separate treatments conducted on the same day: self-pollination,
1 ha (Middle and Harbour Islands) to 875 ha (Cove Island)ntramorph cross-pollination, and intermorph cross-pollination.

and are located between 0.5 km (Doctor Island) and 6.3 knThe calyx and corolla tubes were slit to facilitate treatments using
(Bear's Rump Island) from the Bruce PeninsuRrimula  short-level organs. Seed set was quantified when fruits matured
mistassinicais distylous, with populations containing both 2 months later, and treatments were compared using a Kruskal—
long-styled (or “pin”; hereafter L-morph) and short-styled Wallis nonparametric test. Seed set in the two style morphs was
(or “thrum”; hereafter S-morph) individuals that differ recip- ¢ompared for each treatment using one-way ANOVA or Kruskal—
rocally in stigma and anther heights. The floral morphs ir]Wallls tests, depending on whether ANOVA assumptions were met.

distylous species are normally self-incompatible, and at. '© detérmine the most frequent visitors to flowersRoinistas-
sinica, collections were made during visits to populations at peak

equilibrium occur at a ratio of 1:1 unless there is frequentﬂowerin - L
P T . g. Voucher specimens of taxa collected are deposited in
self-fertilization (Ganders 1979; Richards 1986; Barrettye ingect collection of B.M.H.L. The degree of pollen limitation in

1992). Rare, self-compatible homostylous phenotypes occuyhe Cape Hurd population was determined by adding supplemental
in most heterostylous taxa, particularly in association withpollen to stigmas of 2 flowers on 12 plants per morph, marking
ecologically or geographically marginal environments, wherehem, and later comparing their seed set to 2 unmanipulated flow-
they are best documented in the geRusnula (Charlesworth  ers on the same plant. Other flowers on each plant were removed.
and Charlesworth 1979; Richards 1986, 1993). A two-tailed paired test was used to compare mean seed set of the
Here we document for the first time the reproductive bio|_pollen-supplemented flowers with those of the control flowers in

ogy of P. mistassinicaand pose three questions that explic- €1 Morph.
ity compare mainland and nearshore island populations:
(1) Does floral morphology differ between mainland and is-Island—mainland comparisons

land populations? In particular, is there any evidence for

the occurrence of floral adaptations in island popula-Floral morphology

tions that promote self-pollination? Seven ro_raI characters (Table 1) were measured, as described
(2) Do populations exhibit biased style-morph ratios, and istove, on single flowers sampled from 25 plants per style morph
this correlated with insularity? (fewer in small populations) in six mainland and seven island pop-

ulations. Stigma—anther separation was derived from these mea-
surements as the distance between the stigma and the apex or base
of the anther in the L- and S-morphs, respectively. Inflorescence
samples were also collected from four mainland and eight island
populations to assess variation in the total number of flowers
Methods per inflorescence. Measurements were analyzed using a mixed-
model nested ANOVA, with region (island or mainland) and
style morph as fixed effects, and population nested within re-

(3) Is fertility reduced in island populations in comparison
with those on the mainland?

The study species gion as a random effeck tests for the effect of region used a
Primula mistassinicacommonly known as bird's-eye primrose, denominator constructed from M jation(region@Nd Mo and
is a variable diploid member d?rimula sectionAleuritia. It is typ- those for morph andegion X morph similarly used a composite

ically distylous and may be differentiated from other Nearctic of MSyopnxpopulation(regionfNd MSror In €ach of these cases, de-
Primula by its lavender (rarely white) corollas and heavily yellow grees of freedom were derived from the Satterthwaite approxima-
farinose or efarinose leaves (Kelso 1991). It is distributed acrossion (SAS Institute 1994; Sokal and Rohlf 1995). The effects of
boreal North America, reaching its southern limit in the Greatpopulation(region) and morptx population(region) were tested
Lakes region and New England (Soper et al. 1965; Kelso 1991). lusing M orphxpopulation(regionfNd MSror @S denominators, respec-
southern Ontario, peak flowering of the cymose inflorescences octively. Ovary height was log transformed to meet ANOVA assump-
curs during late May; the flowers are scented and last as long asons. A sequential Bonferroni test (Rice 1989) was used to
10 days. determine tablewide ANOVA probabilities.
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Fig. 1. Location of 7 mainland and 13 island populationsRysimula mistassinicssampled on Lake Huron shorelines in Ontario,
Canada. The lower panel shows the study area and the location of the mainland Bruce Peninsula populations, with lines along the
left margin corresponding to 5 min of latitude, ranging from 44°%50the south to 45°20n the north. The upper panel is an
enlargement of the Tobermory Islands showing the location of the island popula#or&mall-sized populations (<100 individuals);

B, medium-sized populations (100-1000 individua®); large-sized populations (>1000 individuals).
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Table 1. Mean squares from mixed-model ANOVAs of the effect of region (island or mainland), morph, and population nested within
region on floral characters measured on an average of 25 plants per morph from six mainland and seven island popPaiionis of

mistassinica
No. of Calyx Corolla Petal Log ovary Style Filament  Anther  Stigma-anther

Source of variation df flowers length  tube length length height length length length  separation
Region 1 831 0.001 2.49 4.85 0.05 0.43 0.49 0.58 0.70
Morph 1 4.18 1.41*%  15.52%* 4.81* 0.006 387.06*** 229.60*** 2.66*** 42 .34%**
Region x morph 1 0.10 0.008 0.0008 0.42 0.007 0.016 0.17 0.02 0.06
Population (region) 11 40.65%** 2.22%* 4 Q7*** 537* 0.03** 0.93* 1.18* 0.36***  0.75
Morph x population 11  2.68 0.099 0.19 0.48 0.004 0.21* 0.25**  0.009 0.58***

(region)
Error 566  2.97 0.22 0.27 0.34 0.003 0.087 0.083 0.023 0.10

Note: Tablewide probabilities after a sequential Bonferroni test are indicated by asterisksP(¥%0.001; **, P < 0.01; *, P < 0.05). For flower
number there were 10 and 916 degrees of freedom for the effect of population (region) and error, respectively.

Fig. 2. (A) Variation in stigma [J) and anther (+) height

for 25 plants of the L- and S-morphs &frimula mistassinica

from the Cape Hurd population, ranked by stigma height.
(B) Distribution of pollen size for plants of the LN(= 60, open

bars) and S-morphN = 60, solid bars) ofP. mistassinicafrom

the Cape Hurd population. Mean sizes of pollen grains in the

two morphs are presented in Table 2 and are significantly

different (see text).
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ployed to test for significant deviation from an equilibrium style-
morph ratio (1:1) within populations and when populations were
pooled (Sokal and Rohlf 1995).

Fertility

Mature inflorescences (20 per morph) were collected from six
mainland and five island populations in mid-July to assess female
fertility. Fruit set was not assessed because the vast majority of
flowers set fruit, as in othePrimula species (e.g., Baker et al.
1994). Mean seed set was estimated as the average number of
seeds counted in two randomly chosen capsules per plant. Mean
seed set was multiplied by the number of flowers on a plant to give
an estimate of total fertility. Seed set was analyzed with the same
mixed-model nested ANOVA described above for analysis of floral
measurements. Total fertility was square root transformed to meet
ANOVA assumptions. A Tukey—Kramer HSD test was used to con-
trast mean seed set in populations pooled over morphs. To investi-
gate potential predictors of female fertility, mean fertility for each
population was regressed on the mean value for several morpho-
logical and ecological parameters from the populations, including
population size, mean number of flowers per inflorescence, and
both island isolation and area. Population size was obtained by
counting the total number of plants (small populations) or by aver-
aging two independent estimates of population size (large popula-
tions).

Results

Reproductive biology

The pattern of floral variation in the Cape Hurd popula-
tion demonstrates th& mistassinicapossesses a conven-
tional distylous floral syndrome. Plants can be grouped into
two distinct morphological groups on the basis of differ-
ences in stigma and anther height and pollen size (Fig. 2).
Stamens and pistils were usually entirely within the corolla
tube, but the tips of anthers in the S-morph and terminal sec-
tion of the style in the L-morph were sometimes exserted.
Flowers of the L-morph had significantly smaller pollen
grains produced in greater numbers than flowers of the S-
morph (Table 2; pollen size: morph; ;05 = 1527.2,P <
0.0001, plant (morphfg 108 = 10.76,P < 0.0001; pollen
number:t,, = 3.88,P < 0.001).

Controlled self and cross-pollinations of the two morphs
demonstrated thaP. mistassinicapossesses a dimorphic

A random sample of inflorescences from each of the 20 populaself-incompatibility system. Self and intramorph pollination
tions was used to determine style-morph ratiGstests were em-

resulted in low levels of seed set, whereas intermorph polli-
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Table 2. Mean (mm), SE, and sample size¥) (of floral characters measured on an average of 25 plants per morph from

six mainland and seven island populationsRsfmula mistassinica

Long-styled morph

Short-styled morph

Character Mean SE N Mean SE N

No. of flowers 3.89 0.085 475 3.69 0.086 465
Calyx length* 4.48 0.029 297 4.37 0.030 295
Corolla tube length* 5.39 0.032 297 5.71 0.038 293
Petal length* 5.51 0.040 297 5.29 0.037 295
Ovary height 1.83 0.014 297 1.80 0.014 295
Style length* 3.72 0.022 297 1.99 0.015 295
Filament length* 1.34 0.014 297 2.64 0.023 295
Anther length* 1.17 0.009 297 1.31 0.011 295
Stigma—anther separation* 1.20 0.019 297 0.65 0.022 295
Pollen number* 30 315 2382 12 16 667 2586 12
Pollen size* 8.69 0.12 60 13.12 0.09 60

Note: Pollen size (um) and number measurements are from the Cape Hurd population (see text).
*Significant difference between the morphs (Table 1 and see text).

nationincreased seed set significantly (Fig. 3; KrakRVallis  Fig. 3. Mean seed set per fruit (+ SE) Brimula mistassinica
test:H = 14.05, 14.84 for L- and S-morphs, respectively, flowers of the long-styledN = 10, open bars) and short-styled
df = 2, P < 0.001). The strength of self-incompatibility was (N = 6, solid bars) morphs after self-pollination, intramorph
stronger in the S-morph than the L-morph (Fig. 3). cross-pollination, and intermorph cross-pollination treatments in
Remarkably few individuals of insect species were seenhe glasshouse. Probabilities after nonparametric Kruskal-Wallis
visiting the flowers of P. mistassinica Flower flies test are indicated by asterisks ®,< 0.01; Kruskal-WallisH =
(Syrphidae) were the most prevalent visitors and particularly.54, 9.36 for self and intramorph pollination, respectively, df =
noticeable on warm, sunny days. Specie€gstalis (E. ar-  1). ns, not significant after one-way ANOVA( 1, = 2.00).

bustorum(L.), E. bardus(Say), E. dimidiatusWiedemann, 100 +
E. tenax(L.), and E. transversusWiedemann) andPlaty-
cheirus(2 species) were most common, lilpeodes ame- ns
ricanus (Wiedemann),Helophilus fasciatusiValker, Lejops
stipatus Walker, Orthonevra sp., and Parhelophilus rex
Curran & Fluke were also collected. Other visitors to flow- 80T T
ers included six additional families of Diptera (mosquitoes
(Culicidae), fungus gnats (Sciaridae), soldier flies (Stratio-
myiidae), blow flies (Calliphoridae), muscid flies (Musci- g
dae), and dung flies (Scathophagidae)), locally commons 1
thrips (Thysanoptera) and sap beetles (Nitidulid@arpo- 8 60
philussp.), and rarely, the halictid be&ugochlorella striata -
(Provancher). 8
In the Cape Hurd population, there was no significant dif- ¢
ference between seed set in pollen-supplemented flowers 40 + *
and control flowers in either the L-morph (supplementedg *
93.5 + 6.6; control 84.6 + 9.0t = 1.34) or the S-morph = '|_
(supplemented 95.7 + 6.4; control 101.8 + 9tg; = 0.51). T
Preliminary studies with smaller samples at St. Jean Point )
and Little Cove on the mainland and in the Flowerpot B is- 20 1
land population corroborated these results.
Island—mainland comparisons
Does floral morphology differ? 0 f—

Comparison of floral traits failed to reveal any significant
differences between mainland and island populations. This Self
was indicated by the absence of a significant region effect in
the ANOVA (Table 1). Morph and population main effects
accounted for most variation in floral characters. Plants of
the L-morph had longer calyces and petals but shorter conere those expected for a distylous species. Despite
rolla tubes and anthers than the S-morph (Table 2). Differthorough searches at all sites, no homostylous plants were
ences between the two morphs in style and filament lengtlencountered in any of the populations.

Intramorph Intermorph

© 1998 NRC Canada
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Table 3. Mixed-model ANOVAs of the effect of region (island or mainland), morph, and population nested
within region on female fertility in six mainland and five island populationsPoimula mistassinica

Mean seeds Square root of total fertility
Source of variation df Mean square F Mean square F
Region 1 7283.87 0.58 253.05 0.50
Morph 1 3057.18 10.06* 38.19 1.14
Region X morph 1 87.77 0.29 6.82 0.20
Population (region) 9 13 461.6 46.22%** 537.07 15.66**
Morph X population (region) 9 291.24 0.61 34.29 1.50
Error 360 475.56 475.56 22.99 22.99

Note: *, P < 0.01; **, P < 0.001; ***, P < 0.0001.

Fig. 4. Mean seed set per fruit (= SE) in six mainland and five Fig. 5. Relation between mean seed set per fruit and mean

island populations oPrimula mistassinicaWithin these two number of flowers per inflorescence in five mainlan®)(and
regions, population size generally decreases from left to right. four island @) populations ofPrimula mistassinicaSeed set
@, Long-styled morphM, short-styled morph. Mean seed set and flower number were counted on separate random samples
between populations sharing the same letter is not significantly from the populations.
different (P < 0.05) after Tukey—Kramer HSD test pooled over 120 +
morphs. Mainland sample sites are as follows: (1) Heron Point;
(2) Cape Hurd; (3) St. Jean Point; (4) Eagle Point; (5) Little
Cove; (6) Halfway Log Dump. Island sample sites are as
follows: (1) Echo; (2) Bear’s Rump; (3) Flowerpot B; 100
(4) South Otter; (5) Turning. ‘
=
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1 2345 6 1 23 4 5 Mean number of flowers/
inflorescence
Mainland Island

_ _ _ from an equilibrium style-morph ratio in only one popula-
Are population style-morph ratios biased? _ tion (Heron Point on the mainland, where L-morph 0.61: S-
A total of 1243 plants from 7 mainland populations andmorph 0.39;N = 100, G = 4.88, df = 1,P < 0.05).

869 plants from 13 island populations were sampled to de-

termine style-morph ratios. When populations were pooledHow does fertility vary?

there was no significant departure from equilibrium expecta- Comparisons of female fertility in mainland and island
tions on the mainland (L-morph 0.511: S-morph 0.489;populations failed to detect any significant difference be-
Gpooled = 0.59, df = 1) or the islands (L-morph 0.487: S- tween the two regions (Table 3). Fruits of the S-morph had
morph 0.513;Go0eq = 0.61, df = 1). Style-morph ratios significantly greater seed set (78.3 + 2R;= 195) than
were homogeneous among both mainland and island popul@iose of the L-morph (70.6 = 2. = 187), but total fertility
tions (mainland G, = 7.18, df = 6,p > 0.05; islandsG,.;=  was not associated with style morph. The effect of popula-
10.51, df = 12p > 0.05). There was a significant deviation tion accounted for most of the variation in seed set and total
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fertility (Table 3). Within regions, seed set varied greatly pression in this predominately outcrossing species (Charles-
among populations but was not correlated with simple preworth and Charlesworth 1987). It is important to note that,
dictors of fertility such as population size (Fig. 4). Femalein the absence of self-fertilization, founder effects (e.g.,
fertility within island populations was unrelated to either is- overrepresentation of one style-morph among founders)
land isolation or area. The only morphological trait associ-alone cannot bias population style-morph ratios in a dis-
ated with seed set per fruit was inflorescence size. Amongylous species. After a single generation of disassortative
nine populations, there was a significant positive relation bemating within a founding population a 1:1 style-morph ratio
tween mean number of flowers per inflorescence and meawould be restored, because intermorph cross-pollinations
seed set per fruit (Fig. 5). This association was unrelated tproduce seeds of the two morphs at equal frequencies

region. (Barrett 1992).
The lack of any consistent differences between the fertil-
Discussion ity of mainland and island populations Bf mistassinican-

dicates that intermorph pollen transfer by pollinators must
Our comparisons of the reproductive biology of distylousbe effective in both areas. Anecdotal reports of butterfly pol-
P. mistassinican mainland and nearshore island populationslination of P. mistassinicaccur in the literature (Soper et al.
on Lake Huron shorelines in Ontario found no evidence forl965), but syrphid flies were the predominant visitors to
consistent differences in their floral morphology, style-flowers in the populations we investigated. Syrphid flies are
morph ratios, or fertility. This finding probably results from generalist pollinators that visit flowers to consume pollen
a synergism between aspects of the life history and floral bigrains (Proctor et al. 1996) and their hairy bodies give them
ology of the particular species investigated and the geosome capacity for intermorph cross-pollination. Small bees
graphic scale of our study. Below we discuss in more detaiivere observed infrequently, but this may simply reflect their
the reproductive ecology and biogeography Rf mistas- more restricted foraging during the inclement weather condi-
sinica to account for our results. tions that often occur on the Bruce Peninsula in May. Bees
The differences in floral morphology detectedRnmistas- may be significant pollinators during the instances within
sinica were those befitting the two morphs of a distylousthe lengthy flowering period ofP. mistassinica when
species. Other characters may have been expected to vamgather is more amenable to their activity. Syrphid flies
between populations from mainland and island areas, buiHelophilus groenlandicug. Fabricius) were reported as
only population-level differences were found. For examplethe most important pollinators of homostyloRdaurentiana
if pollinators were less abundant or reliable on the islandsFern. in Maine, even though it was visited frequently by
flower size and stigma—anther separation may deereased, bumblebees (Campbell et al. 1986). Intermorph pollen trans-
as these transitions are correlated with increasing selffer by the beetles and thrips observed Bn mistassinica
fertilization and have been documented in other mainlandflowers is probably relatively insignificant, but little is
island comparisons (Barrett 1985; Inoue et al. 1996). Our reknown regarding their patterns of inter-plant movement and
sults indicate that these changes are more responsive to loga@tential for pollen transfer.
conditions found within populations than to larger scale eco- The generalized pollinators dP. mistassinicaprobably
logical factors related to insularity. account for successful cross-pollination of the species even
The absence of self-pollinating homostyles within popula-on small, isolated islands. In instances where insular effects
tions of P. mistassinicas not entirely unexpected, because on the pollination of island plants have been detected
homostyles are generated rather infrequently (on the order ¢Spears 1987; Inoue et al. 1996), the species involved were
107% through crossovers within the supergene controllingdependent on specialized bee pollinators that have more re-
heterostyly (Charlesworth and Charlesworth 1979). Furtherstricted larval substrates than flies and hence are less able to
more, inPrimula the evolution of homostyly tends to be as- inhabit small islands. The larvae &fistalis species, in par-
sociated with polyploidy, so homostyly may be less likely in ticular, breed in substrates ranging from shallow water and
a diploid species such @ mistassinicgKelso 1991, 1992; muck to decaying vegetable matter (Gilbert 1986), habitats
Richards 1993). Even if rare homostyles were present in théhat are available on both the mainland and islands. Bumble-
populations we surveyed, it does not appear that the reprdees and moths are often reported as pollinators of larger-
ductive assurance provided by self-fertilization has been #owered Primula species (Schou 1983 fd?. elatior (L.)
strong enough selective pressure to permit their spreatlill; Boyd et al. 1990 forP. vulgaris Huds.; Antrobus and
(Charlesworth and Charlesworth 1979) whether or not this is.ack 1993 forP. verisL.; Miller et al. 1994 forP. angusti-
in association with island colonization. folia Torrey andP. parryi Gray; Washitani et al. 1995 for
The observed style-morph ratios in populationsPofnis-  P. sieboldiiE. Morren), which might make these taxa more
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likely have limited survivorship because of inbreeding de-cence size is influenced by resource status, for example
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