
consisting 01 nine blocks 01 48 tnals. 1 he 
nine blocks were devoted to each of the 
nine combinations of the three different 
tilt conditions and three different 
amounts of displacement of the middle 
point (2, 4, or 6 percent of the 3-D 
distance between the two endpoints). 
Three sessions were devoted to displays 
with perspective projections and three to 
displays with parallel projections. 

Detection accuracy was a linear func- 
tion of the magnitude of the 3-D displace- 
ment of the middle point and was unaf- 
fected by variation in the 3-D tilt or by 
perspective projection (Fig. 2A). (Per- 
formance was virtually identical for all 
three observers, so only the average data 
are plotted in this and subsequent 
graphs.) A single linear function ac- 
counted for 98.3 percent of the variance 
in accuracy among the 18 conditions. 
Therefore, the geometric information for 
this discrimination must have been some 
aspect of the 3-D structure that remained 
invariant under projective transforma- 
tions. 

The best measure of the magnitude of 
displacement in this task is the percent- 
age of the distance between the two end- 
points rather than the absolute angular 
distance at the retina. This derives partly 
from the geometrical fact that this per- 
centage remains invariant under motion 
in 3-D space and partly from empirical 
evidence, not reported here, that detec- 
tion of a given percentage displacement 
remains invariant under scalar changes 
in distances among the three points. 

In experiment 2 we compared the per- 
formance of this distance acuity task 
with that of more familiar vernier acuity 
tasks. Whereas the distance acuity task 
involved collinear displacements that al- 
tered only the distances among the 
points, the vernier acuity task involved 
orthogonal offsets that altered the collin- 
earity of the points. These patterns were 
presented only in the 2-D projective 
plane. 

Accuracy was slightly higher in the 
vernier acuity task in eight of the nine 
conditions, although the overall differ- 
ence was not statistically significant by 
analysis of variance. Both tasks were 
similarly affected by the distance be- 
tween the endpoints, depending on the 
relative percentage rather than the abso- 
lute retinal distance of the displacement. 
Additional experiments have shown, 
however, that acuity in both of these 2-D 
tasks is lower than with displays of three 
stationary points, presumably owing to 
the rotary motion of the present dis- 
plays. 

In a final experimental test of the 3-D 
structure of the visual information we 

asked observers to detect displacements 
from the 2-D center (rather than the 3-D 
center) of patterns whose endpoints 
were rigidly rotated in 3-D space and 
displayed by perspective projection onto 
the xy display screen. Three observers 
served for two sessions, one of which 
was devoted to detection of centers in 2- 
D space and the other to the detection of 
centers in 3-D space. The 3-D tilt-0°, 
30°, 45", or 60"-was randomly varied 
between trials. One block of 96 trials in 
each session was devoted to the detec- 
tion of one of two different amounts of 
displacement-2 or 3 percent. Observers 
were not significantly better than chance 
at detecting the 2-D centers of these 
patterns (Fig. 2C). The reason for the 
difficulty of the 2-D task was that the 
displays still appeared as 3-D, but the 
middle point appeared neither centered 
nor rigidly connected to the endpoints. 

We have also found that motion is 
necessary for the perception of 3-D dis- 
tance in these displays. When observers 
were presented with stationary patterns 
like that in Fig. lC, they detected the 3-D 
centers little better than chance, though 
few errors occurred when the same set of 
points was sequentially displayed as 
three points rotating in 3-D space. 

The general finding is that precise vi- 
sual measures of 3-D structure can be 
derived from the invariant structure of 
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where y and n iepresent the responses "yes'; 
and "no," C and D represent the two stimulus 
alternatives, centered and displaced, and N ( ) 
represents the number of trials on which the 
designated response was made to the designated 
stimulus. This measure was used because it 

optical patterns undergoing perspective Fprrects for biases in the tendency to respond 
yes" or "no" and because it has the mathe- transformations. matical vroverties of a measure of distance. This 

JOSEPH S.  LAPPIN measure' is-similar to the signal detection mea- 
sure, a . 
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Social Wasps: Discrimination Between Kin and Nonkin Brood 

Abstract. In experiments in which nest boxes were switched, colony foundresses of 
the social wasp Polistes fuscatus accepted sisters' combs with little brood destruc- 
tion but destroyed younger brood in the combs of less closely related females and 
sometimes deserted these combs. Discrimination between related and unrelated 
brood does not appear to depend on prior brood contact or environmentally acquired 
cues. 

It is well known that adult social in- 
sects discriminate between nestmates 
and other conspecifics, probably using 
odors (1, 2). Despite the importance of 
adult-brood interactions in the evolution 
and maintenance of insect sociality, little 
is known about the frequency or mecha- 
nism of adult-brood discrimination (2). 
In particular, the ability of adults to 
discriminate among brood on the basis of 
adult-brood relatedness is unexplored, 
although heritable recognition cues have 

recently been strongly implicated in 
adult-adult kin discrimination in several 
social insect species (2, 3). We now 
report that colony-founding queens of a 
social wasp, Polistes fuscatus, discrimi- 
nate between brood-filled combs (nests) 
of their sisters and those of less closely 
related females, possibly through the use 
of inherited cues. 

In a study conducted at the Macbride 
Field Campus of the University of Iowa, 
we used free-living P. fuscatus colonies 
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housed in artificial nest boxes. To estab- 
lish sisterhood among females, we 
marked young potential queens in ma- 
ture fall colonies (1980) with colony- 
specific paint codes. In March 1981, we 
placed 150 identical nest boxes at inter- 
vals of 5 to 30 m along forest-meadow 
boundaries within a range of 3 km. Most 
of the boxes were eventually occupied 
by overwintered colony foundresses that 
had been marked with individual codes. 
There was one comb per nest box. 

The experimental manipulation con- 
sisted of simultaneously chasing two 
foundresses from their nest boxes and 
switching the nest boxes. Thus each 
foundress encountered the comb and 
nest box of the other female at her nest 
site upon her return (4). Switches were 
made between foundresses previously 
marked on the same natal combs (SS, 
sister switches) and those that were ei- 
ther marked nonsisters or females of 
unknown parentage (NS, nonsister 
switches) whose colonies were at least 
300 m apart. Females nesting at this 
distance are not likely to be closely relat- 
ed, because very few marked foundress- 
es in the study started colonies at loca- 
tions more than 50 m from their natal 
sites. All experiments were conducted 
before workers emerged, and with few 
exceptions (5) ,  only colonies with single 
foundresses were used. Nonsister 
switches were conducted at three stages 
of development: eggs only (E stage), 
eggs and larvae (L stage), and eggs, 
larvae, and pupae (P stage). Sister 
switches were made at only E and P 
stages because single-foundress sister 
colonies were in short supply (most 
of the marked sisters joined associa- 
tions). 

The criteria for brood discrimination 
were destruction of brood or desertion of 
foreign combs by recipient females with- 
in 4 days after the nest box switch. 
Control experiments showed no evi- 
dence that experimental procedures af- 
fected a returning female's response to 
brood (Table 1). 

We found that relatedness of females 
to foundresses offoreign brood markedly 
affected their treatment of the brood. 
Brood destruction occurred in 30 of 34 
nonsister comb switches as opposed to 6 
of 24 sister switches (P < 0.001, X 2  test). 
Nonsisters ate significantly more eggs 
and ate or ejected more of the smaller 
larvae than did sisters across all stages of 
colony development (Fig. 1 and Table 1). 
Also, 12 of 34 nonsisters deserted new 
combs, whereas all 24 sisters adopted 
theirs (P < 0.01, X 2  test) (6). Most brood 
were destroyed, and most desertions (8 
of 12) took place within 1 hour after the 
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rial or (ii) females nesting close to each 
other may habituate to each other's 
combs through intervisitation. (Although 
such visits by single foundresses were 
not observed, they could not be ruled out 
because colonies were not under close 
surveillance.) To test these hypotheses, 
we switched two pairs of SS-E combs 
located over 100 m apart (intervening 
tree belts increased their isolation) and 
two pairs of NS-E combs located within 
15 m of each other (data included in 
Table 1). All four sisters accepted their 
new combs and ate no eggs, whereas the 

Fig. 1. The proportion of eggs eaten in four nonsisters ate eggs and deserted -- 
switched combs as a function of relatedness (p = 0.014, Fisher,s exact test), ~ h ~ ~ ~ -  
of recipient foundresses and successive stages 
of colony development (see text for definition nesting Or 
of E ,  L,-and P). The number of eggs available recent contact probably are not involved 
in any comb were 9 to 17 (E stage), 6 to 14 (L in discrimination between a sister's and a 
stage), and 4 to 18 (P stage). Each square nonsister's comb. However. the effects 
represents a switched comb; hatched squares 
represent combs deserted by recipient fe- sisters' common history On the 
males. comb as opposed to their genetic related- 

females' first contact with foreign 
combs. 

These results indicate that Polistes 
foundresses may use heritable cues in 
brood discrimination since, to the best of 
our knowledge, switched females had 
never encountered each other's nests. 
However, acceptance of a sister's comb 
and brood may be due to proximity ef- 
fects, because most females nested with- 
in 15 m of their sisters. Thus, (i) sisters' 
combs may acquire similar odors 
through use of similar food or nest mate- 

ness on comb acceptance have yet to be 
tested. 

It is uncertain whether a female ac- 
cepts a sister's comb because she cannot 
tell the difference between it and her own 
comb, or if she can discriminate between 
them but tolerates the sister's brood. 
Extensive brood destruction in four sis- 
ter switches (Fig. 1) suggests that at least 
some females can recognize a sister's 
comb as being foreign, although the data 
are inadequate to firmly establish this 
generalization. Wide variation in re- 
sponse by both sisters and nonsisters 
(Fig. 1) may reflect a highly polymorphic 

Table 1. Brood destruction by foundresses exposed to the comb of either a sister or a nonsister 
(switches). Control females encountered their own combs. A "natural" control consisted of the 
removal and subsequent replacement of a female's nest box while she was absent. Females 
were chased from their nest boxes before nest box removal in "forced departure" controls. In 
"new box" controls, females were chased from their nest, which was then glued into a new nest 
box before its replacement. Controls were otherwise treated like experimental colonies (4). The 
proportion of brood destroyed is given in parentheses. 

Number of brood destroyed 
Stage of Num- 
colony ber Young Mature 

Manipulation (oldest of 
brood 

larvae 
COI- Eggs (instars (instars larvae pupae 

present) onies 1 to 3) 4 to 5) 

-- 

Switches 
Sisters Eggs 10 3" (.03) 
Nonsisters Eggs 14 54 (.31) 

Nonsisters Larvae 10 46 (.43) 6 (.lo) 1 (.02) 

Sisters Pupae 14 41* (.23) 1 1 1 (.01) 2 (.01) 
Nonsisters Pupae 10 94 (.79) 22 (.52) 0 0 

Controls 
Natural Eggs 6 0 
New box Eggs 9 0 
Forced departure Eggs 9 1 (.01) 

Forced departure Larvae 10 1 (.01) 0 0 

Forced departure Pupae 10 0 0 0 0 

*P < 0.001, X 2  comparisons of sisters and nonsisters. In addition, ten undisturbed colonies were monitored 
for brood destruction. In these colonies, 2 of 306 eggs, 6 of 301 larvae, and 1 of 176 pupae were eaten across 
all stages of colony development. 



genetic basis of discrimination, which 
might allow sister-sister discrimination. 

The locations of the cues used in dis- 
crimination are not known. Egg-stage 
switches indicated that eggs or the comb, 
or their combination, are adequate for 
discrimination of a sister's comb from a 
nonsister's. For several reasons (7) we 
suspect that discrimination cues reside in 
the comb, not in brood members them- 
selves, and are odors applied by the 
foundress (8). If foundresses do odor- 
mark combs, then brood discrimination 
may be based on the same cues as those 
used by Polistes females in adult kin 
recognition (9). 

The reproductive status of preworker 
brood depends largely on their order of 
eclosion. Early emergents are workers, 
whereas later females are more likely to 
be potential queens (males do not appear 
until later in the summer). For this rea- 
son, age-biased responses to foreign 
brood could be expected and, in fact, 
such a bias appeared (Table 1); eggs 
were more often destroyed than were 
younger larvae, and older larvae and 
pupae were seldom destroyed. Also, the 
proportion of brood destroyed increased 
in older combs for both nonsister and 
sister switches (10). Desertions were un- 
common in later nonsister switches as 
compared to NS-E switches (Fig. 1); 
only one NS-L and one NS-P female 
deserted (neither female was relocated). 

Response to foreign brood on the basis 
of relatedness might be important for 
Polistes females in at least two natural 
contexts: (i) cooperative colony-found- 
ing associations of sisters (11) and (ii) 
usurpation of a single foundress's comb 
by another female (12, 13), usually one of 
unknown origin (13). Subordinate found- 
resses in associations tolerate their dom- 
inant sisters' brood and thereby proba- 
bly increase their own inclusive fitness. 
In contrast, usurpers show age-specific 
brood destruction patterns very similar 
to those observed in our nonsister ex- 
perimental switches (13). Older brood 
are spared and are later, as workers, 
exploited by the usurper to rear her own 
offspring. By destroying brood the 
usurper gains three probable advantages: 
(i) cells are emptied for her own eggs, (ii) 
she removes a competitor's genes, and 
(iii) brood eaten by herself or fed to older 
larvae are a valuable food resource. 
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Male Firefly Mimicry 

In a report of mimicry by male Pho- 
turis fireflies, Lloyd presents "a com- 
plex of behavioral mimicries that is with- 
out known parallel in the animal king- 
dom" (I). Lloyd previously suggested 
that some Photuris females are aggres- 
sive mimics, mimicking the female flash 
of a foreign species in order to attract the 
foreign males as food (2). Here, he pro- 
poses that Photuris males mimic foreign 
male flash patterns in order to attract 
Photuris females for mating. Although 
Lloyd's excellent observations could be 
interpreted as mimicry, other mecha- 
nisms may be involved. 

Lloyd's interpretation of mimicry is 
based on a correlational study, the ap- 
parent similarity between male Photuris 
flashes and the male courtship flashes of 
other firefly species. Lloyd noted simi- 
larities in flash patterns produced by 
Photuris, Photinus, and Pyractomena 
males, but most of his examples include 
flickers, glows, and single flashes, which 
are fairly widespread types of lumines- 
cence often seen in various firefly spe- 

Fig. 1. Twinkles (small peaks) and crescendo 
flashes (large peaks) from a Photuris lucicres- 
cens male during courtship. Scale bar, 2 sec- 
onds. 
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cies. Such similarities may be incidental. 
Mimicry by Photuris males would 

seem not to be a reproductive strategy 
because any male adopting this pattern 
will be eaten by the predatory aggressive 
mimic Photuris female that responds 
(something that actually occurs whenev- 
er Photuris males are placed in a contain- 
er with Photuris females whether or no' 
flashing occurs). Lloyd avoids this diffi- 
culty by assuming that male mimicry 
permits a male to "locate a hunting fe- 
male with marginal valence for hunting 
and change her to a mating condition 
(seduction-mimicry)" (1, 3), but he pro- 
vides no evidence that this happens. 
Observations on Photuris versicolor ar- 
gue against this hypothesis (4). In this 
species only mated females adopt the 
behaviors (photic, locomotory, and pos- 
tural) of the aggressive mimic. Virgin 
females do not become aggressive mim- 
ics. After mating, a behavioral switch to 
predation takes place. There are, appar- 
ently, no reports of aggressive mimics 
mating with males, and I have never 
observed aggressive mimics switching 
back to virgin answering behavior. 
Hence, a P. versicolor male that adopts 
the reproductive strategy of simulating 
the mating signal of the male of another 
species risks destruction, for only a 
predatory Photuris female will be at- 
tracted to such signal, not a reproduc- 
tively active female. The behavioral 
switch may be different in other Photuris 
species (5). 
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