Americin Journal of Bolany 83(6): 744-T48. 1996,

FRUIT SET, FRUIT REDUCTION, AND FRUITING
STRATEGY IN CORNUS SANGUINEA (CORNACEAE)'

JaviErR GUITIAN,? PABLO GUITIAN, AND LUIsS NAVARRO

Depantamento de Biologin Vegetl (Farmacia), Universidad de Samtingo- 15706, Saniizgo, Spain

We siudied various aspects of the fruiling biology of Carnus sanguinea (Cornaceach, a fleshy-fruit-producing deciduous
shrub, in four populations in northwest Spain, One population was studied over o S-yr period (1989-19948), and the remaining
populations in 1994 anly, Fruit-set level varicd among years (range | 1-18%) and among populitions (range H-22%). but
was in all cases low. Within plants, fruit-set level did not vary significontly among inflorescences, indicating that inflores-
cenve Fruit set is independent of inflorescence position and inflorescence phenology. To investigate the Tunction af surplus
flowers, we carmied out Aower removal experiments, Inflorescence fruit-set level was unaffected by removal of up 1o =75%
of Mowers. These results suggest that Cornus sanguirea regulates its fruit-set level via plisticity in the number of fruits
aborted: it Aower mortality has been high, Fewer fruits will be aborted. Within the inflorescence, surplis fowers thus et s

insuranee against Nower loss.

Key wards:

Fruit production by higher planis has been the object
of considerable interest over the past decade, largely as
a result of increasing awareness of the evolutionary im-
portance of this aspect of plant biology. The recent lit-
erature contains numerous studies that deseribe the fruit-
sel patterns of different species, investigate the factors
that may affect these patterns, and postulate the evolu-
tionary consequences of different strategies (for reviews,
see Stephenson, 1981, 1992; Sutherland, 1986a; Primack,
1987; Lec, 1988).

Such studies have shown that most outcrossing her-
maphrodites produce more flowers than fruits (Stephen-
son, [981: Sutherland and Delph, 1984; Sutherland,
19864, b). It has been reported for numerous species that
the probability that a given flower will set fruit is affected
by its spatial position within the inflorescence or on the
plant, andfor by its temporal position within the inflores-
cence or plant, andfor by the number of seeds initiated
(Stephenson, 1981, 1992; Siephenson and Winsor, 1986,
Winsor, Davis, and Stephenson, 1987: Solomon, 1983;
Stephenson, Devlin, and Horton, 1988; Byrne and Mazer,
1990; Ho, 1992; Vaughton, 1993; Vaughton and Carthew,
1993; Ehrlen, 1993; Harris and Whelan, 1993; Guitidn,
1994). A number of hypotheses have been put forward
to explain the production of “‘surplus”™ flowers, and a
variety of experimental designs have been used to test
the different hypotheses (Holisford, 1985; Stephenson
and Winsor, 1986; Winsor, Davis, and Stephenson, 1987:
Sutherland, 1987; more recently Campbell, 1989; Ehrlen,
1991, 1993; Guitiin, 1993), Likewise, considerable atien-
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tion has been paid to whether observed low [ruit-set lev-
els are due 1o extrinsic factors, such as pollen limitation
and flower predation, or intrinsic factors, such as geno-
type and stored resource conlent (see, for example. Ste-
phenson, 1980, 1981, 1992; Wiens et al.. 1987). Some
authors have attempted to relate the proportion of surplus
Aowers to the cost of fruit production, estimated as the
ratio of fruit dry mass to ovary dry mass (Primack, 1987)
or of Aower dry mass to fruit dry mass (Ehrlen, 1991
Ramirez, 1993). These authors have suggested that plants
that produce fleshy (and thus probably energetically ex-
pensive) [ruits can be expected to have low fruit set.

One plausible explanation for the production of surplus
flowers is the reserve ovary hypothesis (Ehrlen, 1991),
which postulates that surplus fllowers constitute a stock
of spare ovaries in the event of “unpredictable™ flower
mortality. Ehrlen’s hypothesis can be viewed as a null
alternative to the adaptative hypotheses that have been
generated for high flower o fruit ratios, Here, we de-
scribe various aspects of flower and fruit production by
Cornus sangiinea (Cornaceac), a shrub with fleshy fruits,
and evaluate the extent o which the pattern of fruit pro-
duction coincides with that predicted by the reserve ovi-
ry model, To this end, fruit-set levels were monitored {a)
in & single population for 5 yr, and {(b) in four populations
(including that monitored for 5 yr) for | yr. This design
allowed us to account for the possible effects of both
among-year and among-population variability. We aimed
to answer the following specific questions. (a) Do inflo-
rescences function as autonomous units as regards allo-
cation of resources for fruit production? (b) Are resource
allocation patterns determined before or after fertiliza-
tion? (c) What is the function of the surplus Nowers of
Ceornus sanguinea’?

MATERIALS AND METHODS

Sty avea and study specfes—The experiments wene carried ol in
four populstions (Covas, Chana, Valiia, and Cancela} in norhwest
Spiein (Bl Bierzo, Ledn), The four populations fall within a circle of 10
km radivs and are at similar altitode (S00-600 m above sea level). All
four populations form part of thormshrub communitics fringing Quercus
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rotundifotin woodland, Such communitics are a typical component of
the vegetstion ot the Eurosiberion™editerranean Region transition in
the northwest Therion Peminsula.

Correeey somneneine L, (Cornaceae) is a deciduows shrub of up 1o 4 m
in height, found in woodland fringes amd clearings throughout most of
temperaie Europe, [ has white hermaphrodite fowers arranged in um-
hels. Eacl umbel is composed of four subumbels. The (it is a black
simgle-seeded drupe of =7 mm in diameter, commonly caten by fru-
givorous hirds (particularly the robin Erithacas cabereido and members
of the genera Tieedes and Svivia; 1. M. Guitiin, unpublished observa-
Lions ).

Experimental design—In 1989 we marked 15 plants in the Covas
populotion with plastie ags, and over this and the subsequent 4 yr (ie.,
198914 recorded number of Towers and number of fruits produced
on cach plant, In total 9455 flowers were monitored. This provided the
hasiz for estimation of among-vear variation in fruit-set level In 1994
we marked ten plants in each of the four populations, and again re-
ecorded the number of lowers and number of fruits prodeced on each
plant {total = 8 136 Aowers), Comparison of the 1994 data for the four
populations provided the basis for estimation of among-populstion vari-
ation in fro-sct level.

I 19903 aned 1991 we monitored the Aowering and fruiting phenology
of ten plants in the Covas popelation: plants were visited every 3-15 d
hefore fruit ripening with recording of the number of ower buds, Now-
ers, initiated fruits (C10mis™) and ripe fruits (*Rfruis™) o each visit,
This allowed calewlation, for each plam, of the perceniage loss, with
respect 1o original number of buds, at coch transition (bud-to-Nower,
Mower-w=ITruit. Imi-to-Riruit); note that the sum of these three per-
centages plus fruit-ser level is 15, Noie alse that, in 1991, Alowers
and initiated fruits were considered as a single stage. Losses due 1o
evident external causes (inscct damage, predation by binds, inclement
weather, ete.) were classified as due o exirinsic causes; otherwise,
losses were classified os dee o intnnsic ciuses (see Sephenson, 1981),

In 1904, to investigate whether there was significant within-plant be-
iween-inflorescence varation in fruit ser, we marked all umbels on four
plants in the Valifia population with numbered tags (8 = 70 umbels),
Mumber of fowers and number of froits produced were recorded for
each umbel. To investigate patterns of resource allocation, we carried
out bud/flower removal expenments with ten plants in the Covas pop-
ulation in 1994, On each plant four umbels {(A-Dp were marked: umbel
Aowas lelt unmonched, while one subumbel was removed from umbel
B. two subumbels from umbel C. and three subumbels from umbel 1,
This experiment was carried out at the prefentilization (ie.. bud} phase
on five plants, and ot the postfenilizution (ic.. Ifruis) phase on the
remaining five plints. Fruit=set levels (with respect 1o both pre- and
pastremoval number of Mowers) were determined in all coses. This se-
ries of experimenis allowed evaluation of whether umbels acit as auton-
omous units as regards allocation of resources to fruit production, and
wis also a means of lesting the validity of the “reserve ovary™ hy-
pothesis,

Fruit-ser level con be defined as “the propartion of buds that survive
the peried of competition” (““final fruit set;” Goeldwin, 1992, Note thit
ripe fruits may remain on the plant for =2 mo; losses ocourring over
this period were nol monitored.

Date analysiv—Among-year and among-population variations in
Fruit-set level were investigated by chi-squared analysis. Among-plant
variztion was investigated by analysis of varionce following an aresing
iransformation of the data, The effects of subumbel removal (% level™ )
and of tme of subumbel removal (pre- or postfenilization) (“treat-
ment’") on the probobility of fruitsel by the remmming Nowers in that
umbel were investigated by moximum likelihood logisie regression
{subrouting CATMOD in the SAS package; SAS, 1988). This lechnique,
like other logistic regression methods, constructs a log-linear model
allowing prediction of the probability of a given outcome (from amoeng
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studied im 1994 in the Covas, Chana, Cancela, and Valifia populations.

two or more possible outcomes) given the values of one or more in-
dependent variables; subsequent analysis of vamonce allows estimition
of the statistical significance of the effect of cach independent variable
and of the likelibood ratio (o messure of the poodness of fit of the
model), In the present case, each fower wos treated os an event with
two possible outcomes (set fruit™ or “not sct froic’ ), and the inde-
pendent variables were “number of subumbels removed from that fow-
cr’s umbel” {zero, one, two, or three) and “time of removal of sub-
umbels from thist ower's umbel™ {pre- or postiertilizition).

RESULTS

Amrong-vear and among-population variation in fruit
set—Fruit-set level was low (<25%) in all years and in
all populations studied. Over the period 1989-1994, fruit-
set level in the Covas population ranged from 11.2% to
18.0%:; thus, in this population, between 5.6 ad 8.9 flow.
ers were produced for every fruit (Fig. 1a). Fruit-set level
varied significantly among years (x* = 457, df = 4, P
=< 0.0001), In 1994, fruit-set level in the four populations
ranged from 7.8% to 21.6% (Fig. 1b); among-population
variation was significant (y* = 71.7,. dl = 3, P < 0.0001).

Phenology and loss of reproductive structures—The
first flower buds appeared in mid-April, and the first ripe
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fruits at the end of July. In 1990, losses with respect to
initial number of buds were 18.39% over the bud-to-flower
transition, 31.6% over the flower-to-Ifruit transition and
39.0% over the Ifruit-to-Rfruit transition (Fig. 2). In
1991, losses were 53.4% over the bud-to-Ifruit transition
and 41.3% over the Ifruit-to-Rfruit transition (Fig. 2),
Losses over the bud-to-flower transition were larzely due
to extrinsic causes such as herbivory and inclemem
weather (mainly late frosts). Losses over the subsequent
transitions (most notably the flower-to-Ifruit transition)
were largely due (o intrinsic factors.

Unibel characteristics and fruit set—The mean num-
ber of Aowers per umbel was 46.3 + 208 (X + SD) (N
= 54}, and there were 10.1 = 5.1 fruits produced per
umbel. Within each plant, fruit-set level did not vary sig-
nificantly among umbels, indicating that umbel fruit-set
level is independent of umbel position and umbel phe-
nology (Table 1). Umbel fruit-set level did, however, vary
significantly among plants (F = 37.1, P < 0.0001}.

Effects of subumbel removal—The results of maxi-
mum likelihood logistic regression (Table 2} indicate that
both treatment (pre- or postfertilization subumbel remowv-
al) and level (zero, one, two, or three subumbels re-
moved) had significant effects on the probability of fruit
set by the remaining flowers in the treated umbel. The
interaction treatment = level was also significant, indi-
ating that the effect of level differed among treatments.
As can be seen from Fig. 3. prefertilization removal of

Tanee 1. Values of ¥ for among-inflorescence heterogeneity in frui-
set level, for lour Cornus sangainea plants in the Covas population,
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Tank 2. Analysis of varonee ble fmaximum hkelihood logistic re-
gression, subroutine CATMOD in the SAS package) o investigate
the effect of the factors Treatment (pre- or post fertilization) and
Level (number of subumbels removed) on the probability that o
Cornus sanguinea lower will give rise o o mature (it

Source r x
Treatmeni | 16.25 (1L.IMHI1
Lewel 3 £.39 (LOGS3
Treatment * Level 3 37.50 (LM
Likelihood ratio 0 (11K} (KL

three subumbels led to increased fruit-set levels with re-
spect 1o the number of Aowers remaining afier subumbel
removal. Postfertilization subumbel removal did not af-
fect fruit-set level with respect to number of fruits re-
maining, but led to a significant reduction in fruit-set lev-
el with respect to initial number of flowers (see Fig. 4).

More detailed analysis of the resulis of the prefertili-
zation subumbel removal experiments indicate that re-
moval of one or two subumbels had no significant effect
on fruit-set with respect to the number of flowers re-
maining (x* = 0.12, df = 2, P = (1.94), whereas removal
of three subumbels had a significant effect (x* = 8,17, df
= 1, £ = 0.004), However, fruit-set level with respect to
initial number of Aowers was not significantly affected
by prefertilization subumbel removal (x* = 4.8, df = 3,
f = 0.18),

DISCUSSION

Fruit-set levels for Cornus sangwined in the study area
were consistently low (8-22%) in all populationfyear
combinations studied; this is in accordance with the hy-
pothesis that plants with “expensive” fruits will tend to
have low fruit-set levels (Stephenson, 1981; Sutherland
and Delph. 1984; Ehrlen. 1991; Ramirez, 1993). In a
study of this species in southeastern France (Krusi and
Debussche, 1988), fruit-set level did not vary signifi-
cantly among habitats; on average, =23% of flowers
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reached the “immature fruit™ stage and =6% produced
ripe fruits. These data are not directly comparable with
our data for a number of reasons; in general terms, how-
ever, they suggest a similar pattern of fruit-set to that
ohserved in our region, with a high proportion of surplus
flowers.

What factors limit the production of fruits by Cormis
sempninea? Our data indicate that significant losses of
reproductive structures occurred during all three major
stages of the reproductive period (bud-to-flower, flower-
to-Ifruit, ruit-to-Rfruit), Proportional losses at each tran-
sition were very similar in the 2 yr of study. About 509
of flowers initiated fruit development; of the initiated
fruits, only =23% reached ripeness, Krusi and Debussche
{ 1988) found that =23% of flowers initiated fruit devel-
opment; of these, only =17-35% reached ripeness. Qur
data and those of Krusi and Debussche (1988) are thus
similar as regards the time course of loss of reproductive
structures, and suggest that there are significant losses
due both to extrinsic causes (herbivory, frost, etc.) and
intrinsic causes (Lloyd, 1980; Stephenson, 1981, 1992;
Momalvo and Ackerman, 1987; Lee, 1988).

Our results also indicate that fruit-set, and thus abor-
tion rate, do not vary significantly among inflorescences
of the same plant. First, this suggests that inflorescence
fruit-set level is independent (a) of number of Mowers in
the inflorescence, (b) of inflorescence phenology with re-
spect o plant phenology, and (¢) of inflorescence posi-
tion. These results contrast with those of Wyat (1982)
who found that fruit-set level for Asclepias miberosa was
higher in inflorescences that were physically closer o the
source of resources. Sccond, these results suggest that the
low fruit-set levels were not due to insufficient pollina-
tion since, if pollination were limiting, between-inflores-
cence differences in fertilization rate would be expected.
That fruit set is not limited by pollen/pollinator avail-
ability has since been confirmed by supplementary pol-
lination experiments (L. Navarro, unpublished data).
These results thus argue against the “‘attraction hypoth-
esis” (i.e.. that surplus flowers are produced in order to

GUITIAN ET AL.—FRrUIT SET 1N CORNUS SANGLINEA T47

increase attractivencss to pollinators; Willson and Rath-
cke, 1974; Siephenson, 1979 Sutherland and Delph,
1984; Sutherland, 1987).

The results of our subumbel removal experiments sug-
gest that within-inflorescence redistribution of resources
only occurs in response to prefertilization losses of re-
productive structures. By contrast, postfertilization sub-
umbel removals led o reduciions in fruit set. In prefer-
tilization subumbel removal experiments, inflorescence
fruit-set level (with respect to initial number of flowers)
was independent of number of subumbels removed (zero,
ong, two, or three); one of us has previously obtained
similar results with another fleshy-fruit-producing species
(Prunus mafalel; Guitiin, 1993), Bearing in mind that
the various hypotheses that have been put forward to ex-
plain the production of surplus flowers are not mutually
exclusive (Stephenson, 1981, 1984 more recently Gui-
tidin, 1993), these results are compatible with the “'reserve
ovary hypothesis.” which postulates that surplus flowers
constitute an ovary reserve in case of “‘unprediciable™
mortality at the flower level: that is, inflorescences of
Cornny sanguinea in which a proportion of flowers are
lost due to extrinsic causes (e.2., herhivory, disease, frost)
are able to maintain fruit-set levels by “allowing™ the
development of surplus Alowers that would otherwise be
aborted. These Aowers thus act as an insurance policy,
and the risk of flower loss is presumably sufficiently high
to justify the cost of their production and maintenance
(Ehrlen, 1991, 1993). That this insurance mechanism acis
at the inflorescence level suggests that inflorescences be-
have as semiautonomous units {i.e.. integrated physiolog-
ical units sensu Watson and Casper, 1984) with respect
L0 resource use,

Ehrlen (1991} has developed a numerical model based
on the reserve ovary hypothesis, in which flower-to-fruit
ratio is predicted on the basis of Aower-to-fruit cost ratio
ane ovary mortality. However, the madel is difficult 1o
apply to species with inflorescences that may potentially
produce many fruits such as C, sangiinea (1. Ehrlen, Uni-
versity of Stockholm, personal communication).

In conclusion, Cornus sanguinea appears o regulate
its fruit-set level via plasticity in the number of fruits
aborted: if Aower mortality has been high, fewer fruits
will be aborted. Within each inflorescence, the surplus
Aowers act as insurance against Aower loss. This seems
o be 8 common strategy among Aeshy-fruit-producing
plants.
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