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Pollinator individuality: when does it matter?

I have always regretted that 1 did not mark the bees by attaching bits of
cotton wool or eiderdown to them with rubber, because this would
have made it much easier to follow their paths.

Charles Darwin, cited by Freeman (1968)

The symposium that stimulated this book arose from the editors’ convic-
tion that botanists interested in biotic pollination would benefit from a
consideration of recent research on the behavior and the sensory capabil-
ities of flower-visiting animals. We hoped to offer perspectives that would
correct misapprehensions, enrich future work, and open new questions.
In this chapter, we continue in this evangelistic vein by indulging in long-
standing personal interests in the individuality of pollinating animals.
Ignoring the uniqueness of individuals will invite regrets like those
expressed by Darwin in reviewing his work on the flight patterns of male
bumble bees. Although he investigated this question for several years,
Darwin never published his observations. Might he have considered his
failure ro mark the bees a fatal law?

Our goals are to outline some of the insights that are made possible by
treating pollinators as individuals, and to show possible pitfalls of nor
doing so. Some well-known conclusions regarding pollinator physiology
and behavior can be given alternative interpretations by invoking indi-
viduality. We hope that this chapter will stimulate more systematic
approaches to pollinator individuality.

There are many relevant axes along which individual pollinators may
vary, including gross behavioral aspects such as foraging-site preferences,
food-plant preferences, and numerous aspects of foraging style (includ-
ing sampling cffort, level of flower constancy, giving-up thresholds, ctc.).
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These in turn may be underlain by variation in basic neurophysiological
processes such as learning ability (speed, capacity, and duration), sensitiv-
ity to interference, efficiency at detecting flowers, etc. There are also
multiple causes for observed variations in foraging behavior. These can be
genetic, learning-related, age-dependent, or induced by parasites. In
what follows, we are mostly concerned with cases where neglecting polli-
nator individuality may lead to erroneous conclusions.

Basic observations

Small foraging areas

Several studies showing that social insects use spatial memory in foraging
date back to the penultimate century (e.g. Fabre 1879; Miiller 1882). After
many decades of detailed research on spatial memory of bees (e.g. Chittka
et al. 1995; Menzel, this volume), most pollination biologists accept that
such memory exists, but most associate it with finding the nest rather
than finding food sources. Optimal foraging theory is partially respon-
sible for this (Healy & Hurly, this volume): some adherents of this theory
propoesed that pollinators forage using essentially the same rules as proto-
zoans. The numbers of places visited during a foraging bout seemed to
many biologists too high (often, several thousand flowers must be visited
to fill the stomach of a bee) for bees to memorize much detail of the
complex flight path, |

Yet, if one catches bee workers at a patch of flowers, marks them, and
releases them, one will frequently see some of them return to the site
(Ribbands 1949; Heinrich 1976; Free 1993). This indicates that at least
some individuals have established small foraging areas to which they
return for all or most of their feeding. In one study, 37 plants of Penstemon
strictus were planted in a meadow in a hexagonal pattern with 1.5 m
between plants (Thomson et al. 1997). We marked bees and followed some
of them intensively from 2328 July 19g0. Several bees did all of their for-
aging in this area; one worker in particular, Bombus flavifrons “Blue,”
worked the array for our entire period of close observations (23 July
through 5 August 1990). She would visit the 37 plants (and some of other
meadow species that grew interspersed with the Penstemon) essentially all
day, disappearing for only a few minutes at ¢. half-hour intervals to drop
off collected rewards at the nest. Bumble bees of other species have per-
formed comparably on other plants (Thomson ez al. 1987), but we do not
know whether this site fidelity is typical.
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Fig. 10.1. Frequencies of visits in one day to a focal plant of Penstenron strictus by
a number of marked bumble bees (Williams & Thomson 1998). Bee names
mostly indicate painted color marks (e.g., RY = red—yellow), although a few
distinctive bees were identified by natural attributes (e.g., HUGE).

In another study of Penstemon strictus, Williams & Thomson (1998)
videotaped all visits to a single potted plantin acircular array of 27 plants.
We had marked visitors on previous days. Four individuals made over
half of the plant visits (Fig. 10.1); these bees returned to the focal plant at
statistically regular intervals, with mean interarrival times of 5.36, 5.90,
7.07, and 7.91 min. Unmarked bees might have been vagabonds with no
site fidelity, site-faithful bees that evaded marking, or site-faithful bees
that were new arrivals.

Individual bumble bees may maintain more than cne foraging area.
Brian {1952) noted that Bembus agrorum (now pascuorum) workers tended to
leave the nest in characteristic compass direction, but that some individu-
als had more than one departing direction. These bees also came back
with different pollens when they left in different directions. Karen
Goodell (personal communication) found that certain workers of B. ephip-
ptatus collected one of two different sets of several pollen species on differ-
ent trips in a montane Neotropical habitat. The most likely explanation
for the covariation of several species is that the bees were going to two dif-
ferent localities, then foraging inconstantly in each place.
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Traplining behavior

Ifbees do return frequently to foraging areas, they may also tend to visica
set of plants within those areas in a particular, somewhat repeatable
circuit (Manning 1956; Heinrich 1976; Thomson et al. 1982, 1987, 1997). In
fact, such traplining is a case where pollinator individuality manifests
itself par excellence. In one study, we let bumble bees (Bombus impatiens)
forage in an arena with six artificial flowers at fixed positions. The nectar
rewards were adjusted ro bee crop capacity, so that bees had to visit all six
flowers {but not more) to fill their stomach once. Each bee was tested indi-
vidually and encountered an absolutely identical array during 40 succes-
sive foraging bouts. Yet, each bee found a unique solution to the problem
of linking the six flowers, and used this solution repeatedly (see Fig. 10.2).

Although we lack comparative studies that would indicate how often
bumble bees show trapline behavior, or what circumstances tend to elicit
it, it seems likely that traplining is most likely to emerge (1) when nectar
or pollen rewards are replenished rapidly after being drained by a visitor,
and (2) when there are spaces between plants, with sufficient landmarks
to allow bees to orient. Bumble bees, especially Bombus ternarius, showed
clear traplining behavior on scattered plants of Aralia hispida in central
New Brunswick (Thomson et al. 1982}; in dense stands of Solidago spp.
(goldenrods) nearby, however, bees of the same species showed no dis-
cernable tendency to repeat their flight paths, although they were using
small foraging areas (J. D. Thomson & W. Maddison, unpublished data).

Two aspects of bumble bee traplining are most relevant to this paper.
First, although traplines are quite flexible - bees do not slavishly follow a
fixed route, but rather add new plants and drop old ones as conditions
change — there is a conservative tendency for bees to keep using accus-
tomed flight paths (Thomson 1996) and to keep returning to plants that
have been particularly rewarding in the past (Thomson 1988). For
example, Manning (1956) described how bees that had been trained to
visit potted plants still returned to those locations after the pots had been
completely removed. Second, bees return to plants on their traplines at
surprisingly brief intervals, ¢. 10 min in both Penstemon strictus and Aralia
hispida.

Variation in working speed
When following marked pollinators, one is frequently struck by varia-
tions in the speed of individuals. Some of this variation is caused by differ-
ences in the nectar offerings of plants on which these individuals forage.



Pollinator individuality

For example, bees and butterflies will fly more rapidly when more nectar
is available, an observation with several possible explanations (Nuficz
1970; Kunze & Chittka 1996). But there is also variation between individu-
als who are using the same resources at the same time. Some such varia-
tion can be explained by size: larger bees are faster fliers (Spaethe et al.
2000). In addition, some sensory attributes correlate with size and influ-
ence the speed with which bees detect flowers. Spaethe et al. (2000)
recently found that larger bees have better visuo-spatial resolution, and
are therefore substantially more accurate and faster at detecting small
flowers. Furthermore, foraging speed is dependent on colony needs in
bumble bees (Cartar 19924).

In studies with numerous marked bees, Thomson has frequently
encountered a few individuals that seem to fly much faster and to handle
inflorescences very quickly. Because such bees are hard to observe for long
bouts, they may be underrepresented in certain types of observational
data.

Even among the more stolid bees for which data are available,
however, there are individual differences in working speed and in other
aspects such as flower constancy (Table 10.1). The mean flower-handling
times of 17 bees in the 1994 data varied two-fold. Recall that all of these
data come from the same planton a single day. Bees also varied about two-
fold in the duration of their plant visits (measured as the mean number of
flowers visited per plant visit), but plant-visit durations varied so much
within bees that the variation among bees was insignificant. In addition
to showing variation among individuals, the data for “Blue” suggest that
this bee’s foraging tempo slowed over the two weeks she was observed.

Variation in foraging mode
Different bees may adopt different ways of using flowers. One of the more
conspicuous differences involves the type of floral reward — pollen or
nectar — being actively sought. On Penstemon strictus, for example, most
Bombus workers enter the large flowers rightside-up and tongue the
paired nectaries at the filament bases. These bees usually accumulate
small pollen loads, but they never fill their corbiculae, presumably
because their honeystomachs fill first. Other bees, mostly B. bifarius,
ignore the nectaries, turning upside-down to grasp the anthers and soni-
cate pollen from them. These bees accumulate very large pollen loads.
Some bees combine the two behaviors, but most individuals tend to stick
with one type of behavior over atleast a few days. Still, changes occur; bees

195



19MO4

uoljisod
fejuanbag

Juaaiad




*S1ESTA X185 UBY2 210W a4y UL INeq SulStlo] © ‘panndwid Apealft pey

ASY31 SIoMOY PaIISIAST UDIJO $29q IsNeIag *SIYS1Y [[€ WOIJ UOTIEUIIOFUT 33 UTEIU0d s[aued 3yo] 2y3 sealoym Inoq SUIFeIo; yoes Jo s1sia
XIS 3817 212 Ajuo surezued spaued 1y311 241 32yl 10N "Inoq SulSelo] e unlis uohised [eniuanbas uaAlS € PIIANIS0 Jomoy YIea Ualjo
moy moys sppued 1ydn oy 1. -sinoq SurSelo] ot Jo [2101 € JO §€ 01 SpUOdSI1I0I TamOl 1535012 JU1 0 A Y3 WOIJ mOIIe Yy “Joued 1J31
raddn oyl ui ‘31dwexs Jog “uayel sem £10192(e2) Yoed £5usnbarj a1 01 spuodsarios SMOIIE 3 JO YIPIM YL "BUTE 2UI 01 IIUEIIUS 153U
91 JO UDIIEZ0] 21 SHIBW IYSL1 Y1 U0 molre 2y L, 31 uIylim syfied 181y Jo Lousnbaay a3 pue ‘(sa1enbs }2[q) SI3MOY JO 1UWASULIIE
3 mays sjaued 1331 UL *SI9MOY [BIDYILIE XIS 1M (WD §2 % W) SOT) BUII¥ JYSIY ¢ ur saaq 21quunq om] Jo Sururdelr ‘z:o1 ‘813

uonisod
(enuanbag
9 o
e
by :
=4

¢ <°d



"Spouad (asn3ny 5) a1ey puE (A[n[ 82-£7) A[Aed 03UT PIPIAIP 3TB _2N|H,, 33 J0] B1R(] p

"MO[[0] 01 £SE3 3T 1EY1 $23q BUIAOW-MO[S 21831PUI $IN0q J23UOT (22 243 SISO 210J9q PIAIISqO sNsiaIue|d

30 19qIUNU 3U1 ST (UWN[03 I5E]) [AZUI] IN0Q UEIW YL AIUEISUOI JO SILIEWILINS SE USALS STE J 01 I2Y3IQ) JO OTIEI 33 Ut (9861 IISEM 935) Xapu] S,UELWIIEY
"$202ds 1310 AU = YO PUE uowd1suag = 4 319y ‘sa102ds IOMOY JOYI0 PUE SUOUIAISUF UIDMII] SUONISUEL1 JO sapuanbaig 4
$uoulsuId BULIOQYSIU 15IEIU-PIIYI-ULYI-19YIIE] ISATEIU-PITY “ISTLIU-PUOIIS 1SITLIU-ISIY OJ SISIA JO SIUNOY

$2J0N

<1 6% . 1€0- St 1 orr Szz A L 9% SgT Jug,,

[48} 600 0 § 72z £z g6z A o) %3 S5t SNE-pPaA,,

g8 970 61'0 184 44 1 79 zg¢ 9 41 gz ot poIe on(g,,

0zt 120 oo~ o1 LE1 81 4 74 61 £€  of 1374 pA1IED 20,

moq ueay d/10 Xopuj s, uruIazeq YO 0112410 d 0113130 PDYI0 01 4 d01d  Ied pé  pud 151 Eats |
SSILIBLUUING gAIUBISUOD p$10QUS19U 03 SIA0I

spupyd 1ay30 yam

AMOPUALL D U 135 STUP)d SMIDLIIS UOWISISUST f0 p1u3 puoSoxay v ur SurSviof saaq pmprarput saays Jo susarzod suounow fo Civwung 101 3[qe],



Pollinator individuality

that collected pollen while young may turn to nectar collecting with age,
or vice versa. “Blue,” for example, accumulated small corbicular loads
during all bouts from 23-28 July, but by 5 August was no longer carrying
visible loads.

Even though the relative efforts made into pollen and nectar foraging
are genetically controlled (Robinson & Page 1989), there is also strong
plasticity in the way in which individuals react to colony needs (Cartar
1992a; Plowright et al. 1993; Fewell & Bertram 1999). There have been
recent attempts to understand such task allocation in bee colonies by self-
organization models in which each bee is an automaton that differs from
other colony members only in the response threshold to particular
stimuli in and outside the nest (Bonabeau eral. 1997; Pankiw & Page 2000).
Even if these models explain some of the observed behavior, there are
potential difficulties, because they neglect the individuality of pollinators
beyond their inborn thresholds. All animals encounter a basic difficulty
when they set out to perform a novel skill: they generally need to learn
that skill, even if it has innate components. The investments in learning
different types of foraging activities (and the costs of interference when
switching) can be substantial (Dukas & Visscher 1994); therefore, we
cannot understand task allocation and task switching without quantify-
ing these costs (and how bees perceive them). Surprisingly, however, one
review of new breakthroughs in task allocation (Gordon 1996) avoids such
terms as “learning” and “memory” altogether.

Learning-related individuality

Pollinators learn about diverse aspects of their environment (see other
chapters of this volume). Because each pollinator’s experience is unique,
its behavior may also be unique. Much of this experience, however, is
beyond the control of the observer. Moreover, each bee’s experience (e.g.,
which flower species it experiences as rewarding) may in part be an epi-
phenomenon of its decision where to forage (sec above) or may simply
reflect stochastic processes.

The efficiency and accuracy with which pollinators handle flowers
depends substantially on their experience with the respective flower
type (Laverty 1994; Chittka & Thomson 1997). Some complex handling
skills, such as nectar robbing in Corydalis cava (Fumariaceac) by bumble
bee queens can take several days to develop (Olesen 1996). But handling
efficiency on a given flower type can also be influenced by pollinators’
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