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Males of the parasitoid wasp Nasonia vitripennis showed no innate preference
for blue versus yellow or for green versus brown. They learned to associate
color with mates, but their ability to do so depended on the color used and
the strength of the reward. Specifically, males learned to associate brown or
green with a reward of many virgin females. With fewer females, fewer training
periods, or mated females as the reward, males still learned a preference for
green but not for brown. Males did not learn to associate color with rewards
of honey or water. Previous studies of color preference and associative learn-
ing in parasitoid wasps have focused almost entirely on females. This is the
first demonstration of associative learning in response to visual cues by male
parasitoid wasps.
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INTRODUCTION

Learning is defined as a change in behavior based on past experience. If the
learned behavior is a result of previous experience associating a stimulus with
a reward or a punishment, it is called associative learning. Individuals that
can learn which environmental stimuli are associated with mates and food
may have a fitness advantage over those who cannot and therefore should
be favored by natural selection (Dukas and Duan, 2000). The present study
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examines innate color preference and associative learning in response to
color in males of the parasitoid wasp Nasonia vitripennis (Hymenoptera:
Pteromalidae). Parasitoid wasps use other invertebrates, usually insects, as
hosts during their larval stage and are then free-living as adults. N. vitripennis
parasitize several species of fly pupae found in carrion, nests, and refuse
(Rueda and Axtell, 1985).

Studies of associative learning in parasitoid wasps are reviewed by
Turlings et al. (1993). Most have focused on learning of olfactory cues (e.g.,
Wäckers and Lewis, 1994; Takasu and Lewis, 1996; Morgan and Hare 1998),
with fewer studies of visual cues (e.g., Wäckers and Lewis, 1999). Regardless
of what sense has been examined, most studies have focused on females,
particularly females finding hosts, with only one study on male parasitoid
wasps (Sato and Takasu, 2000).

The present study examined whether males learn to associate colors
with food, water, and mating. In the laboratory, adult N. vitripennis ea-
gerly eat honey and drink water. Honey increases life span of both females
and males (Edwards, 1954; King, unpublished), similar to effects of feeding
in most parasitoid wasps (Jervis et al., 1993). Mating in N. vitripennis oc-
curs mostly outside of the host (Drapeau and Werren, 1999). Males usually
emerge first and wait on or around the puparium for females to emerge and
then mate with them immediately (van den Assem and Werren, 1994). Both
sexes, but especially males, will mate multiply (e.g., Barrass, 1961). Males ea-
gerly attempt to mate with previously mated females and such females often
accept (Bratzke, 2001). The present study tested whether the use of females
as a reward is affected by whether the females are virgin versus mated, by
the number of females used as the reward, or by the number of separate
occasions on which access is provided.

Our experiments involved males distinguishing between blue and yel-
low or brown and green. The former were chosen because their peak wave-
lengths are at opposite ends of the spectrum and, thus, may be the most
likely for the wasps to distinguish. In addition, these colors allowed compar-
ison to a previous study with female N. vitripennis (Oliai and King, 2000).
Males were tested with brown and green because of their ecological rele-
vance (Fig. 1). N. vitripennis hosts are a brown–purple–red color and their
background (soil, carrion, nests, or refuse) may also contain brown. Green
may be found in the vegetation surrounding host sites.

METHODS

General Methods

The N. vitripennis were a scarlet-eyed strain that was maintained on
pupae of Calliphora vomitoria. The C. vomitoria pupae were stored at 4◦C.
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Fig. 1. Percentage reflectance at different wavelengths (nm) for the green (∗) and the brown
(©) backgrounds.

The wasp colony was kept in an environmental chamber at 23–26◦C with a
12:12 light:dark cycle. The wasps were in test tubes kept in white trays, and the
chamber was lined in white with chrome-colored metal racks; thus exposure
to experimental test colors was minimal. Unless specified otherwise, the
wasps used in experiments were virgin and had been fed honey. Female N.
vitripennis were used only as rewards, not as study subjects.

The general test protocol was similar to that used earlier with female N.
vitripennis (Oliai and King, 2000). Both training and testing were in 100 ×
15-mm (diameter × height) petri dishes with a clear 10-mm-high divider
down the center. Since the divider did not go completely to the top, it was
easy for the wasps to climb from one side to the other, and they did. A
different color of paper was placed under each half of the petri dish so that
to one side of the divider was one color (e.g., yellow) and to the other side
was the other color (e.g., blue). Each petri dish was separated from the others
by cardboard dividers, so that each male would only see his dish. The dishes
were about 2 m from the room’s overhead white 34-W fluorescent lights,
which were on continuously.
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During training, the reward color was alternated from left to right be-
tween training days to minimize the potential for learning of location cues
instead of color. The side on which the reward color was first located was
alternated between males. Each reward was only used once, and clean petri
dishes were used daily.

During testing for both innate preference and associative learning ex-
periments, no reward was offered on either color. Each male was tested only
once. Testing took place within 10 min of the end of training. For testing each
male was placed on the center dividing line between the two colors in the
petri dish. Then for 10 min the time spent on each color was recorded. In the
first experiment, the first color that the male chose was also recorded, i.e.,
the first color in which at least half the male’s body was located. Preference
for a color was determined by calculating the total time spent on a given
color divided by the total time spent on both colors. The preferred color is
the color on which the male spent more than 50% of his time.

The proportion of time spent on each color was analyzed by one-sample
t-tests with 0.5 as the comparison value (SPSS, 1999). Assumptions of nor-
mality were met (Baeder, 2002). Means are presented with standard errors.
Two-tailed P values are indicated by 2t, while one-tailed values are repre-
sented by 1t; however, using two-tailed tests throughout would not affect
any conclusions.

Innate Color Preference

To test for an innate color preference for yellow versus blue, each of
40 males was exposed to both colors simultaneously and the amount of
time spent on each color was recorded. The first color each male went to
was also recorded, but it was not a good indicator of the color on which
he subsequently spent most of his time (Baeder, 2002). The blue and yellow
were identical to those used in earlier experiments with female N. vitripennis
(Oliai and King, 2000).

Innate preference for green versus brown was tested in a similar way
except fed and hungry males were tested, 30 of each. For 2 days prior to
testing, the fed males had been given honey and water. The hungry males
never received honey but did receive water for the 2 days prior to testing.
Testing was alternated between fed and hungry males to minimize temporal
differences. Innate preference was retested with 40 additional fed males after
the initial test gave nonsignificant but suggestive results.

Learning with Food or Water as a Reward

The honey reward experiment examined whether males learn brown
and green when honey is used as the reward. Each male was trained for
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4 days with a drop of honey on one color and nothing on the other color.
A 4-day training was chosen because it is effective for learning in female
N. vitripennis (King, unpublished). Thirty males were trained with brown
rewarded, and 30 were trained with green rewarded.

The water reward experiments tested for learning using water as a re-
ward. During training one color was rewarded with water, which was pre-
sented in small wads of cotton so the wasp would not drown. In the first
water experiment, yellow versus blue were tested and the reward was of-
fered for 4 days. In the second water experiment, to make males thirstier,
they were placed alone without food or water in a test tube in the envi-
ronmental chamber for 1 day between training and testing. In the third and
fourth water experiments, males were without food or water for 1 and 2 days,
respectively, the colors tested were brown versus green, and the reward was
offered for 2 days.

Learning with Females as a Reward

The remaining experiments tested whether males learn a preference
for brown over green, and vice versa, when access to females is used as
the reward. The first of these experiments was designed to provide what
was expected to be a large reward, meant to increase the chances of de-
tecting learning. Ten virgin females were offered twice as the reward. Train-
ing in this experiment differed from that used previously: only one color
was placed under the male at a time, and petri dishes were not used. Dur-
ing exposure to the rewarded color, the male was in a test tube with 10
virgin females and the number of matings was recorded. After 10 min he
was removed from the test tube and placed in a clean test tube by him-
self for another 10 min on the opposite color. The procedure was repeated
one more time using new females and new test tubes each time. Whether
the reward color or nonreward color was offered first was alternated be-
tween males. Thirty wasps were trained on each color. In addition to us-
ing a t-test to test for preference, a linear regression was performed to test
whether males that mated more times during training (gave themselves a
larger reward) subsequently had a stronger preference for the rewarded
color.

The other experiments that used females as the reward varied in the
females’ mating status, the number of females, and the number of training
episodes (Table I). Previously mated females and fewer females are likely
to be perceived by males as lesser rewards. Lesser rewards and fewer train-
ing episodes are expected to result in weaker or no preference for the re-
warded color. Independent t-tests were used to compare preferences among
experiments.
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Table I. Summary of Females-as-Rewards Experiments

Female reward Number of Mating Number of
experiment females status exposures to females

10v2x 10 Virgin Twice
10m2x 10 Mated Twice
10v1x 10 Virgin Once
10m1x 10 Mated Once
2v2x 2 Virgin Twice
2m2x 2 Mated Twice

RESULTS

Innate Color Preference

Males exhibited no significant innate preference for blue versus yellow
(0.53± 0.034 on blue; t = 0.99, df = 39, 2tP = 0.33). Regardless of whether
males were hungry or fed, they exhibited no significant innate preference
for green versus brown (hungry, 0.502± 0.043 on green, t = 0.043, df = 29,
2tP = 0.97; first test of fed males, 0.59 ± 0.047 on green, t = 1.83, df = 29,
2tP = 0.078; retest of fed males, 0.45 ± 0.048 on green, t = 0.97, df = 39,
2tP = 0.34).

Learning with Food or Water as a Reward

When honey was the reward, males did not learn a preference for the
rewarded color, regardless of whether it was brown or green (Table II). Like-
wise, when water was provided as a reward, males did not learn a preference
for the rewarded color in tests of yellow versus blue or in tests of brown ver-
sus green (Table II). Even those males that were without water for a day or
two before testing showed no significant preference for the rewarded color.

Learning with Females as a Reward

Males learned to associate both brown and green with 10 virgin females
twice as a reward (Table III). The strength of preference did not differ signif-
icantly with which color had been rewarded (t = 0.50, df = 58, 2tP = 0.62).
Strength of preference did not increase significantly with the number of
times that the male had mated on the rewarded color: the relationship was
not statistically significant when the rewarded color was brown (R2 = 0.0016,
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Table II. Preferences for the Rewarded Color in the Honey Reward Experiment and the Water
Reward Experiments

Is preference >0.50?Rewarded Preference
Reward color (mean ± SE) t df 1tP

Honey reward experiment

Honey Brown 0.51± 0.043 0.11 29 0.46
Honey Green 0.56± 0.048 1.18 29 0.12

Water reward experiments

Water Blue 0.50± 0.043 −0.07 29 >0.50
Water Yellow 0.47± 0.043 −1.18 29 >0.50
Water after 1 da without Blue 0.47± 0.030 −0.91 29 >0.50
Water after 1 d without Yellow 0.52± 0.044 0.39 29 0.35
Water after 1 d without Brown 0.53± 0.097 0.33 13 0.37
Water after 1 d without Green 0.54± 0.073 0.51 15 0.31
Water after 2 d without Brown 0.53± 0.087 0.36 14 0.36
Water after 2 d without Green 0.58± 0.089 0.93 14 0.18

ad, day(s).

F1,28 = 0.046, 1tP = 0.42) and not even in the predicted direction when the
rewarded color was green (R2 = 0.0086, F1,28 = 0.24, 1tP > 0.50). Males
mated 13.12±0.26 times (range: 8–19); the number of matings was indepen-
dent of which color was rewarded (t = 0.19, df = 58, 2tP = 0.85).

Males learned to associate green, but not brown, with 10 mated females
twice as a reward (Table III). There was no significant difference in prefer-
ence for green between males that had been rewarded twice on green with
10 mated females versus 10 virgin females (10m2x experiment versus 10v2x
experiment: t = 1.38, df = 58, 2tP = 0.17). Strength of preference increased

Table III. Preferences for the Rewarded Color in the Female Reward Experiments

Is preference >0.50?Rewarded Preference
Experiment color (mean ± SE) t df 1tP

10v2x Brown 0.65± 0.033 4.50 29 <0.001
10v2x Green 0.67± 0.027 6.18 29 <0.001
10m2x Brown 0.55± 0.041 1.20 29 0.12
10m2x Green 0.61± 0.031 3.62 29 0.001
10v1x Brown 0.55± 0.047 1.01 29 0.16
10v1x Green 0.64± 0.035 3.98 29 <0.001
10m1x Brown 0.54± 0.037 1.05 29 0.15
10m1x Green 0.60± 0.026 3.76 29 0.001
2v2x Brown 0.49± 0.047 −0.19 29 >0.50
2v2x Green 0.60± 0.026 3.98 29 <0.001
2m2x Brown 0.51± 0.027 0.38 29 0.354
2m2x Green 0.59± 0.026 3.71 29 0.001
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Fig. 2. Effect of reward strength on preference for the rewarded color for
males that had been presented with 10 mated females twice on green (R2 =
0.24, F1,28 = 8.97, 1tP = 0.003; preference = 0.06 ∗ reward + 0.14).

significantly with the number of times that the male had mated when the
rewarded color was green (Fig. 2), but not when it was brown (R2 = 0.016,
F1,28 = 0.46, 1tP = 0.25). Males mated 7.62 ± 0.18 times (range: 4–11); the
number of matings was independent of which color was rewarded (t = 1.19,
df = 58, 2tP = 0.24).

Reducing the number of training sessions seemed to decrease learning.
With one session of 10 virgin females instead of 2, males no longer exhibited
statistically significant learning on brown; there was a statistically significant
learning response only when males were trained on green (Table III). The
learning on green was not significantly less than with two training sessions
(Table III: 10v2x versus 10v1x; t = 0.59, df = 54, 1tP = 0.28).

Reducing the number of virgin females per training showed similar
results as decreasing the number of training sessions. Again, there was a
statistically significant learning response only when males were trained on
green (Table III). The reduction of learning on green that resulted from
reducing the number of females provided was not statistically significantly
(Table III: 10v2x versus 2v2x, t = 1.48, df = 58, 1tP = 0.075).

Decreasing training sessions had no statistically significant effect for
mated females as a reward. There was still a statistically significant learning
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response only when males were trained on green (Table III), and the magni-
tude of the preference for green was not statistically different for one versus
two sessions (Table III: 10m2x versus 10m1x, t = 0.33, df = 58, 1tP = 0.37).

When decreasing the number of mated females from 10 to 2, there was
a statistically significant learning response only when males were trained on
green, not on brown (Table III); and the number of mated females provided
as a reward had no statistically significant effect on the strength of preference
for green (Table III: 10m2x versus 2m2x, t = 0.65, df = 54, 1tP = 0.26).

DISCUSSION

That N. vitripennis males showed no innate color preference for blue
or yellow is consistent with data on female N. vitripennis (Oliai and King,
2000). N. vitripennis males also showed no significant innate color preference
for brown versus green when they were hungry or when they were fed. The
initial test of fed males was not statistically significant but was suggestive of
an innate preference for green; however, in the retest, the preference was
not even in the same direction of preference as the first test, and the pref-
erence was clearly not significant. Among female parasitoid wasps, innate
color preference is seen in some (Battaglia et al., 2000; Schmidt et al., 1993)
but not all species (Wardle, 1990; Hofstetter and Raffa, 1998) and is influ-
enced by prior feeding in at least one species (Wäckers, 1994). Innate color
preference has been examined in both females and males in the parasitoid
wasp Trybliographa rapae, and both sexes show the same innate preference
(Brown et al., 1988). In contrast, innate odor preferences differ with sex in
the parasitoid wasp Gelis festinans (Fabricius) (Vanbaarlen et al., 1996).

Male N. vitripennis exhibited associative learning with some rewards of
females but not with the diet rewards that were tested. Specifically, males did
not learn a preference for brown or green when the reward was honey. Nor
did they learn a preference in tests of blue versus yellow or brown versus
green when the reward was water, regardless of whether they had been
deprived of water for a day or two between training and testing. Testing
males on green with a water reward might be worth repeating with more
than 2 days of training and with more than 2 days of being made thirsty, as
this color and reward showed the greatest tendency toward learning among
the diet rewards. Diet rewards have been shown to elicit learning in female
N. vitripennis. Specifically, females learn to associate honey with blue versus
yellow (Oliai and King, 2000). Females in a few parasitoid wasps, including N.
vitripennis, have also been shown to learn an association between color and
hosts, but males were not examined (Arthur, 1966; Wardle, 1990; Brown et al.,
1988; Schmidt et al., 1993; Wäckers and Lewis, 1999; Oliai and King, 2000).
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The absence of learning in N. vitripennis males when water was the reward
cannot be compared to conspecific females or to other species because water
has not previously been used as a reward in testing for associative learning in
other studies of parasitoid wasps. However, the cricket Cryllus bimaculatus
can learn to associate odor with a water reward (Matsumoto and Mizunami,
2002).

Additional studies of food rewards in N. vitripennis would benefit from
more information on feeding habits in natural habitats. Although N. vit-
ripennis readily eat honey in the laboratory, what they eat in their natural
habitats is unclear. Other species of parasitoid wasps have been observed
feeding on nectar or honeydew in the wild (Godfray, 1994). This seems more
plausible for female than male N. vitripennis: males have reduced wings and
cannot fly, whereas adult females have full wings and can fly, giving them
easier access to flowers. In addition, when fly pupae containing males were
placed in refuse located near flowers, after the males emerged, very few were
found on the flowers. Most were found much closer to the place of emer-
gence (Baeder, personal observation). Potential food sources that would not
necessitate long-distance movements and hence might be more readily used
by both males and females are fluids from what their hosts are feeding on,
e.g., carrion and bird feces.

Whereas honey and water were not effective in eliciting learning in N.
vitripennis males, mating was. When males were trained with virgin females
they learned to associate color with females even with only two training
periods of 10 min each and regardless of whether green or brown was the
rewarded color. For both colors, the proportion of time spent on the trained
color was over 60%, and the effects were highly significant. In contrast, when
female N. vitripennis learn colors, only when they are trained for more than
3 days with hosts, or honey and hosts, does this lead to over 60% of time
spent on the trained colors (Oliai and King, 2000).

One explanation for males learning mates but not water or color is
differences in experimental design. Males could see both colors when re-
ceiving food or water and this may have reduced their attention to the color
the reward was on, whereas they saw only one color while mating. However,
females learn to associate color with food even when they can see both colors
when receiving food (Oliai and King, 2000).

Male N. vitripennis seemed to learn green more readily than brown.
Males learned a preference for brown only when the reward was 10 virgin
females twice. Similarly, honey bees and blow flies learn some colors more
readily than others (Menzel, 1985; Fukushi, 1989). Perhaps males perceive
green as brighter than brown (Fig. 1); greater brightness may be a stronger
stimulus, and perhaps stronger stimuli are easier to learn. Whether males
were responding to hue or brightness in learning was not investigated.
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Male N. vitripennis were able to associate green with females after only
one training session, and two training sessions did not significantly increase
preference. In contrast, female N. vitripennis show increased preference with
increasing number of training sessions and no response to only one training
session, at least for blue versus yellow and honey and hosts as the reward
(Oliai and King, 2000). Honey bees, house flies, blow flies, and butterflies also
show increased learning with an increase in training sessions (e.g., Gould,
1993; Fukushi, 1976, 1989; Weiss, 1997).

In previous studies, the rewards that parasitoid wasps have been shown
to learn to associate with color include food or, more frequently, hosts
(Arthur, 1966; Wardle, 1990; Shafir, 1996; Oliai and King, 2000). No pre-
vious studies, even of odors, have examined associative learning using mates
as the reward, perhaps because of the focus being on female behavior.
This is the first study to demonstrate associative learning in response to
visual cues by male parasitoid wasps. The other study on associative learn-
ing in male parasitoid wasps, using Pimpla alboannulatus, suggests that
males also can learn to associate odors with food (Sato and Takasu,
2000).

Whether mates would be as effective of a reward for females as for
males is unclear. Female N. vitripennis are thought to disperse away from
their natal site in search of new hosts after mating (King, 1993), and although
they do sometimes remate, they do so less readily than males (Bratzke, 2001).
Learning with male mates as a reward seems most probable in species in
which multiple mating increases female fitness (Hosken and Blanckenhorn,
1999).

Whether males can associate colors with conspecifics when the con-
specifics are other males, rather than females remains to be tested. Males
may learn to avoid colors on which they have encountered other males be-
cause the other males represent competition, and aggressive interactions
with other males may act as a punishment. Another potential negative re-
ward might be predators. The effect of punishment on insect learning has
not been well studied; punishments have included electric shock, toxins, and
saline solution (Bernays, 1993; Phelan et al., 1998; Matsumoto and Mizunami,
2002).
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Turlings, T. C., Wäckers, F., Vet, E. M. L., Lewis, W. J., and Tumlinson, J. H. (1993). Learning of

host-finding cues by hymenopterous parasitoids. In Papaj, D. R., and Lewis, A. C. (eds.),
Insect Learning: Ecological and Evolutionary Perspectives, Chapman and Hall, New York,
pp. 51–78.

Vanbaarlen, P., Topping, C. J., and Sunderland K. D. (1996). Host location by Gelis festinans,
an egg parasitoid of the Linyphiid spider Erigone atra. Entomol. Exp. Appl. 81: 155–163.

van den Assem, J., and Werren, J. H. (1994). A comparison of the courtship and mating behavior
of three species of Nasonia (Hymenoptera: Pteromalidae). J. Insect Behav. 7: 53–66.
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