


















































Wild Pollinators Enhance Fruit
Set of Crops Regardless of
Honey Bee Abundance
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The diversity and abundance of wild insect pollinators have declined in many agricultural landscapes.
Whether such declines reduce crop yields, or are mitigated by managed pollinators such as honey
bees, is unclear. We found universally positive associations of fruit set with flower visitation by wild
insects in 41 crop systems worldwide. In contrast, fruit set increased significantly with flower visitation
by honey bees in only 14% of the systems surveyed. Overall, wild insects pollinated crops more
effectively; an increase in wild insect visitation enhanced fruit set by twice as much as an equivalent
increase in honey bee visitation. Visitation by wild insects and honey bees promoted fruit set
independently, so pollination by managed honey bees supplemented, rather than substituted for,
pollination by wild insects. Our results suggest that new practices for integrated management of
both honey bees and diverse wild insect assemblages will enhance global crop yields.

Human persistence depends on many nat-
ural processes, termed ecosystem ser-
vices, which are usually not accounted

for in market valuations. The global degrada-
tion of such services can undermine the ability
of agriculture to meet the demands of the grow-
ing, increasingly affluent, human population (1, 2).
Pollination of crop flowers by wild insects is
one such vulnerable ecosystem service (3), as the
abundance and diversity of these insects are de-
clining in many agricultural landscapes (4, 5).
Globally, yields of insect-pollinated crops are

often managed for greater pollination through
the addition of honey bees (Apis mellifera L.)
as an agricultural input (Fig. 1) (6–8). Therefore,
the potential impact of wild pollinator decline on
crop yields is largely unknown. Nor is it known
whether increasing application of honey bees (9)
compensates for losses of wild pollinators, or
even promotes these losses.

Fruit set, the proportion of a plant’s flowers
that develop into mature fruits or seeds, is a key
component of crop yield (fig. S1). Wild insects
may increase fruit set by contributing to polli-

nator abundance, species number (richness),
equity in relative species abundance (evenness),
or some combination of these factors. Increased
pollinator abundance, and therefore the rate of
visitation to crop flowers, should augment fruit
set at a decelerating rate until additional in-
dividuals do not further increase fruit set (e.g.,
pollen saturation) or even decrease fruit set (e.g.,
pollen excess) (10–12). Richness of pollinator
species should increase the mean, and reduce
the variance, of fruit set (13) because of comple-
mentary pollination among species (14, 15), fa-
cilitation (16, 17), or “sampling effects” (18),
among other mechanisms (19, 20). Pollinator
evenness may enhance fruit set via comple-
mentarity, or diminish it if a dominant species
(e.g., honey bee) is the most effective pollinator
(21). To date, the few studies on the importance
of pollinator richness for crop pollination have
revealed mixed results (22), the effects of even-
ness on pollination services remain largely un-
known, and the impact of wild insect loss on
fruit set has not been evaluated globally for
animal-pollinated crops.

We tested four predictions arising from the
assumptions that wild insects effectively polli-
nate a broad range of crops, and that their role
can be replaced by increasing the abundance of
honey bees in agricultural fields: (i) For most
crops, both wild insect and honey bee visitation
enhance pollen deposition on stigmas of flow-
ers; (ii) consequently, for most crops, wild insect
and honey bee visitation both improve fruit set;
(iii) visitation by wild insects promotes fruit set
only when honey bees visit infrequently (i.e.,
there is a negative interaction effect between
wild insect visitation and honey bee visitation);
and (iv) pollinator assemblages with more spe-
cies benefit fruit set only when honey bees visit
infrequently (i.e., there is a negative interaction
effect between richness and honey bee visitation).

To test these predictions, we collected data at
600 fields on all continents, except Antarctica,
for 41 crop systems (Fig. 1). Crops included a
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