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Abstrace—The function of the dark central floret (DCF) in the wild carrot, Daucus carota L. (Apiaceae), is
uncertain. It has been suggested that it is a vestigial structure without a function, that it serves as a long or short
distance signal to attract pollinators, or that it might function as a defense mechanism against herbivores. We
experimentally assessed the role of the umbel size and height in the attractiveness of the DCF to insects in a coastal
Population of D. carota in western Turkey. We did not find differences in the number of insect visits between umbels
with a DCF and umbels in which the DCF was removed when they were of average diameter (10 cm) and were placed
either at the average inflorescence height (120 cm) or at 147 cm above ground. Similarly, we did not find differences
in the number of insect visits before and after the removal of the DCF from an umbel or between umbels of small (5—
7 em) and large (11-13 cm) diameters. However, umbels of average diameter with DCF received more insect visits
than those without it when we placed them at 81 cm above ground. These results suggest that umbel height, not
diameter per se, influences the attractiveness of the DCF in the studied population. Thus, our study supports the
hypothesis that DCF function depends on ecological context, reliant on both the visitor community and the
predominant flower phenotype.
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INTRODUCTION DCF is a vestigial structure without a function (Darwin

1888), that it serves as a long or short distance signal to attract

The wild carrot, Daucus carota L. (Apiaceae), is native to or deter flower visitors, or that it might function as a defense

Burope, Asia and North Africa, and it has been introduced to mechanism against herbivores, such as the gall midge Kiefferia

North America, Australia, New Zealand, and South Africa pericarpiicola  (Bremi) (Diptera: Cecidomyiidae) (e.g.,

(Lamborn & Ollerton 2000). As in other umbellifers, the Eisikowitch 1980; Lamborn & Ollerton 2000; Goulson et al.
flowers of this species are in a compound inflorescence 2009; Polte & Reinhold 2013).

(umbel) at the end of a stem. Each umbel consists of many
Such a diversity of explanations attributed to the DCF

umbellets, which are composed of several individual florets. In
appears to be a reflection of the generalized pollination system

D. carota, one or several of the florets in the central umbellet cton ) !
are pink or dark purple and thus stand out among the white of D. carora, varymg in function dependmg on the local
pollinator availability and composition (Ollerton et al. 2007;
Goulson et al. 2009; Polte & Reinhold 2013). For example,

the number of floral visitors recorded for D. carota ranges

florets of the remaining umbellets. The function of the dark
central florets (DCF), which not only vary in numbers but also

in their presence within a population, has been a matter of

debate for many years. Some authors have suggested that the from 20 SPECies in Europe to more than 300 species in NOI‘th

America. In addition, different taxa of floral visitors respond

differently to the removal of the DCF among locations and
even between years in the same population (e.g., Bohart & Nye
1960; Westmoreland & Muntan 1996; Lamborn & Ollerton
2000; Goulson et al. 2009).
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The adaptive value of the DCF might also depend on
other factors, such as the height and size of the umbel. In
general, flowers or inflorescences of taller plants naturally
attract more bees and other pollinators than those of short
plants (e.g., Gumbert & Kunze 1999; Lortie & Aarssen 1999),
and large umbels tend to receive higher visitation rates than

small umbels (Thomson 1988). In fact, Goulson et al. (2009)

noted that adults of the dermestid beetle Anthrenus verbascs

(Linnaeus) are more abundant in larger umbels of D. carora,
as well as in umbels with greater numbers of dark florets.

Herein, we sought to answer the following questions:
Does the DCF have a role in the attraction of floral visitors in
a coastal population of D. carora in western Turkey? Do
umbel size and height have a role in the attractiveness of the
DCEF to visitors?

MATERIALS AND METHODS

From June 21 to 27, 2016, we conducted observations on
a coastal population of D. carota (40°04'30.67” N,
26°21'36.41” E, 11 m as.l.) located next to the Dardanos
Dormitory at Canakkale Onsekiz Mart University (COMU)
in the Republic of Turkey. Umbels ranged from 6.0 to 16.5

em (X =10.2 £ 2.10, N=106) in diameter and from 64.8

to 211.2 cm ()_( =126.6 £29.7, N= 106) in height, the
latter measured from the ground to the base of the umbel.
Umbel diameter was positively associated with height
(Spearman’s correlation, r» = 0.283, P = 0.003). To explore
the role of umbel size and height in the attractiveness of the
DCF, we assessed insect visitation in the following four
experiments (Table 1), each of which controlled for one or
both independent variables:

Experiment I. We compared umbels of average diameter
(10 em) placed at the average population’s height (120 cm).

Experiment 2. We compared umbels of average diameter
(10 em) placed at 81 and 147 cm above the ground,
representing heights below and above the average population’s

height.
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Experiment 3. We compared small (5—7 cm) versus large
11-13 cm) umbels placed at the average population’s height.
p ge pop g

For experiments 1-3, we set up one or two parallel
transects 0.4—0.5 m apart. Along the transects, we established
treatments using water picks (plastic tubes filled with water
and covered with a rubber cap that has a hole in the center
through which the flower stem is inserted). We tied pairs of
water picks onto stems of plants, each 4—5 m apart along the
length of the transect. The number of transects and pairs of
water picks varied among experiments (Table I). In
Experiment I, we set upa single transect consisting of 10 pairs
of water picksi In Experiment 2, we set up two transects, each
consisting of five pairs of water picks, placed at alternated
heights (five pairs at 81 cm, five pairs at 147 cm above the
ground). In Experiment 3, we set up two transects, each
consisting of six pairs of water picks.

About 30—40 minutes before we started the experiments,
we placed umbels in the water picks and then randomly
removed, with forceps, the DCF from one of the umbels
(treatment) of each pair. The umbel with the intact DCF
served as a control. In Experiment 3, we set up two additional
types of pairs (Table 1), one in which we left the DCF intact
in both umbels (small and large) and one in which we removed
the DCF from both of them, thus serving as positive and
negative controls, respectively. Along a transect, we repeated
each type of pair three times.

We selected undamaged umbels without galls. If spiders
or beetles were present on the umbels, we removed them with
forceps or a brush before we placed them in the water picks.
We conducted Experiments 1-3 for two days each and used
a new umbel each time. Two observers recorded hourly insect
visitation to umbel pairs, for 2.5 min at 10:00 through 14:00
hours, when activity was highest and before umbels began to
wilt. To avoid disturbing insect visitors, we conducted
observations about I m away from the umbels. We considered
a visit only to be when insects landed directly on the umbels.

Table I. Summary of experiments conducted on a coastal population of Daucus carota L. in western Turkey. We completed Experiments 1-3 on

two days, each day using a new umbel, and Experiment 4 on the same day and same umbel, after the removal of the dark central floret. — = not

applicable, as the same umbel was compared before and after the removal of the DCF.

Experiment Description Function #Transects # Pairs
1 Average size umbels (10 cm) at Baseline 1 10
average population height (120 cm)  comparisons
2 Average size umbels below (81 ecm)  Testing effect of 2 5 (below)
and above (147 cm) average height S (above)
population height (120 ¢m)
3 Umbel of small (5-7 cm) and large ~ Testing effect of 2 3 (small/W vs. large/ W)
(I1-13 cm) diameters with (W) umbel diameter 3 (smaﬂ/ W vs. large/ Wo)
and without (Wo) the dark central 3 (small/Wo vs. large/ W)
floret 3 (smaﬂ/ Wo vs. large/ Wo)
4 Average size umbels at average Control for I —
population height; umbels not possible
removed from plants (N =41) handling effects
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If an insect moved from one to another umbel and
returned to the original umbel during the observation period,
we recorded it as two separate visits.

Experiment 4. To control for possible handling effects of
the umbels, we selected 41 umbels (one umbel per plant) of
average diameter and height and compared insect visitation
before and after the removal of the DCF. We chose umbels
the day before the experiment and marked the base of the
plant with a piece of non-adhesive plastic ribbon. We began
observations at 10:35 by recording the number of insect visits
during one minute per umbel. Immediately after this
observation period, we removed the DCF and brushed off
arthropods, such as spiders, ants, and hemipterans, from the
umbel. Then, about 80 min later, we again recorded the
number of insect visits for another minute starting with the
first umbel.

For Experiments 1-3, we used generalized linear models
with Poisson distribution to examine the effect of the presence
of the DCF and umbel height and diameter on the number of
insect visits per umbel. For Experiment 4, we used a Sign test
to compare the number of visits before and after removal of
the DCF on the same umbel. We considered a P-value of <
0.0§ to be statistically significant. Finally, to estimate the
prevalence of umbels with DCF in the studied population, we
randomly selected and then examined 230 umbels.

RESULTS AND DISCUSSION

At our study site, beetles (e.g., Dermestidae), flies (e.g.,
Syrphidae), small bees (e.g., Hylaeus sp., Andrena sp.,
Lasioglossum spp.) and wasps (e.g., Ichneumonidae) visited
umbels of D. carora. During the observation period (2.5 min),

the number of visits per observation ranged from O to 19 ( X
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=176 *2.65 N= 264). The percentage of umbels with a
DCEF in the studied population was 76.1% (IN=230) and we

only observed three umbels with galls in 124 umbels examined

(2.8%).

In Experiment 1, the total number of insect visits between
umbels with (control) and without DCF (treatment) were
similar, Wald y? = 0.346, df = I, P =0.557 (Fig. IA). In
Experiment 2, the total number of insect visits differed
between heights above and below the population’s average
height (Wald y* = 12.269, df = 1, P=0.000), and between
the control and treatment (Wald 2= 4.670, df = I, P
=0.031); however, the interaction between height and
presence of DCF was not significant (Wald 2 = 1.312, df =
I, P =0.252). We recorded a higher number of visits in
umbels with the DCF and in umbels placed at 81 ¢cm above
ground, below population’s average (Fig. IB). In Experiment
3, the total number of insect visits was similar between umbels
of small and large diameters (Wald y? = 0.623, df = I, P
= 0.430) and between the control and treatment (Wald %? =
2.502, df =1, P=0.114), but the interaction between umbel
size and presence of DCF was significant (Wald y? = 4.291,
df=1, P= 0.038). In Experiment 4, the number of insect
visits before and after the DCF was removed from an umbel

was similar (Sign test, Z=-1.278, P=0.201, N= 41).

Our results suggest context-dependent effects of the DCF,
as umbel height influenced the attractiveness of the DCF in
the studied population of D. carora. At least one study, using
pan-traps, demonstrated that height, even as small as 70 cm
above ground, may play a significant role in the kinds of bees
collected, especially in their average body size (Gonzalez et al.
2016). In natural systems, distinctions have even been made
between large- and small-bodied bees and the plant
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FIGURE 1.

Number of insect visits recorded from umbels of Daucus carota L with and without the dark central floret (DCF) in Experiments

I—4 (A-D, respectively). A = comparison between pairs of umbels of average population’s diameter (10 cm) placed at average population height (120
cm). B = comparisons among pairs of umbels of average diameter placed below (81 ¢m) and above (147 cm) population’s average height. C =

comparisons among pairs of umbels of small (57 ¢m) and large (11-13 em) diameters placed at average population’s height. D = comparison between

umbels of average diameter and height before and after the removal of DCF. Boxplots display median, quartiles, and extreme values, the latter indicated

by an asterisk.
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communities they forage among (Frankie et al. 1983; Barthell
et al. in preparation). These patterns may relate not only to
the species-specific characteristics of the bees but the
energetics of size in the foraging dynamics of bee species
within plant communities (Schaefer et al. 1979).

If bees and other pollinators tend to fly in the horizontal
stratum and they are naturally attracted to flowers or
inflorescences of taller plants (Gumbert & Kunze 1999; Lortie
and Aarssen 1999; Cane et al. 2000), then short umbels likely
experience fewer insect visits than tall umbels. Thus, the
presence of the DCF in short umbels might increase their
attractiveness to potential visitors in this community. We did
not assess if the presence of the DCF varies with plant height
in our study population. However, anecdotal observations in
one coastal population of D. carota at Kalloni Bay, Island of
Lesvos, Greece, revealed that the DCF was frequently absent
from short umbels (< 100 cm above ground), on the same
plants having umbels of average or above average height with
the DCF. The co-occurrence of umbels with and without the
DCF on the same plant suggests that environmental factors
(e.g., light intensity, arid conditions, arthropod visitation) and
plant developmental factors affect the expression of flower

traits (e.g., Gonzéles et al. 2016).
Finally, we cannot refute the hypothesis that the DCF may

mediate visitation by certain taxa, as we did not address this
aspect in our study. Our conflicting results for umbels at
different heights support the hypothesis that DCF function
depends on ecological context, reliant on both the visitor
community and the predominant flower phenotype (Goulson

et al. 2009; Polte & Reinhold 2013).
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