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ABSTRACT

The sensory basis o f  frequency-dependent mate se lec t ion  
in  two s t ra in s  o f  the p a r a s i t i c  wasp Mormoniel la v i t r i -penn is  
was inves t iga ted .  Using a "double chamber" technique the ra r  
male advantage was tested fo r  both w i ld  and mutant m in o r i t y  
types. The frequency-dependent behavior observed f o r  the mu­
ta n t  m in o r i t y  appears to be mediated by a i rborne  cues, proba­
b ly  pheromonal.



AIRBORNE CUES AS A FACTOR IN 

FREQUENCY-DEPENDENT MATE SELECTION 

IN MORMON!ELLA VITRIPENNIS



INTRODUCTION

I r o n i c a l l y ,  the phenomenon o f  frequency-dependent mate se lec ­

t i o n ,  so f a r  noted on ly  in the c lass Insecta ,  seems ra th e r  to have 

i t s  g rea tes t  i n t u i t i v e  appeal in  a cons ide ra t ion  o f  human charac­

t e r i s t i c s .  The suggest ion, c a p i ta l i z e d  on by a d ve r t is in g  execu­

t i v e s ,  th a t  blondes (as a m in o r i t y  type) have more fun ,  would ap­

pear to i l l u m in a te  a fa ce t  o f  human sexual experience; what Clau- 

d ine P e t i t  (1972) has re fe r red  to  as the "charm o f  the e x o t i c " .

For e v o lu t i o n i s t s ,  however, the i n t e r e s t  in  frequency-depen­

dent mate se lec t io n  l i e s  beyond a simple d e sc r ip t io n  o f  unique 

sexual behavior. Though l i t t l e  i s  known about the exis tence o f  

a frequency-dependent response in  natura l  populat ions (Bor isov ,  

1970). t h i s  mode o f  sexual se le c t io n  may prove to p lay an im­

po r tan t  ro le  in  the maintenance o f  c e r ta in  balanced polymorphisms.

P e t i t  (1958) and Ehrman et_ aj_. (1965) independently observed 

th a t  f o r  Drosophila melanogaster and CL pseudoobscura, r e s p e c t i v e l y , 

mating success in  the la bo ra to ry  was dependent on the r e l a t i v e  

frequencies o f  the two types o f  males. The m in o r i t y  male type 

showed an increased mating e f f i c i e n c y .  The advantage o f  the rare 

male has since been described in  e ig h t  more species o f  the genus 

Drosoph i la ; CL e q u in o x ia l is  , CL fu n e b r i s , CL gaucha, Dl immigrans , 

fi.* pavan i , [1. pers im i l  i s , ID. t r o p ic a l  i s , and J). wi 11 i s t o n i  (Ehrman 

and P e t i t ,  1968; Ehrman, 1966, 1972b; Ehrman et  al_., 1972; Spiess,
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1968; Spiess and Spiess, 1969; and Bor isov,  1970); the p a r a s i t i c  

wasp Mormoniel la v i t r i p e n n is  (Grant ert al_., 1974); and suggested 

in  the red f l o u r  beet le  T r ibo l ium  castaneum (Sinnock, 1969). Fe­

males have been shown to  possess the a b i l i t y  to  d i s t in g u is h  

s t ra in s  o f  males ca r ry ing  d i f f e r e n t  chromosomal in ve rs io ns ,  o f  

d i f f e r e n t  geographic o r i g i n s ,  reared a t  d i f f e r e n t  temperatures,  

and w i ld  versus mutant types (Ehrman, 1967, 1970b; P e t i t  and 

Ehrman, 1969).

Recent work has been concerned w i th  the behaviora l compo­

nents o f  frequency-dependent mate s e le c t io n ,  the mechanism(s) by 

which males in  the m in o r i t y  may gain a mating advantage over 

those in the m a jo r i t y ,  thus making a d isp ro p o r t io n a te  c o n t r ib u ­

t io n  to the gene p o o l .

Ehrman (1969, 1970a, 1972a) has demonstrated th a t  f requency-  

dependent behavior depends most heav i ly  on in fo rm at ion  t ra ns fe r red  

to  the females by a irborne  o l f a c to r y  cues. Frequency-dependent 

mate se lec t ion  has been exper im en ta l ly  induced w i th  equal f requen­

c ies o f  male types o r ,  conversely ,  reduced when unequal frequen­

c ies were present. This can be accomplished through use o f  a dou­

ble chamber technique, in  which f l i e s  in  the mating chamber per­

ceive the odor o f  f l i e s  in  an adjacent compensation chamber. A l ­

though a pheromone would appear to be the major mediat ing fa c to r  

(Ehrman e t  a 1_., 1973), i t  probably acts in  con junct ion  w i th  aud i­

t o r y ,  t a c t i l e ,  and v isua l  sensory s t im u la t io n  (Leonard e t  a l . , 

1974). The s i t u a t i o n  is  f u r t h e r  complicated because o f  the age 

and experience dependence involved in  mate se le c t io n  (Pruzan and 

Ehrman, 1974; Pruzan, 1976).
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Unlike, the studies o f  the Ehrman group w i th  _D. pseudoobscura, 

P e t i t  and Nouaud (1975) found th a t  o l f a c to r y  s t im u la t io n  appeared 

to  be o f  no importance as a mechanism f o r  frequency-dependent mate 

se lec t ion  in t h e i r  in v e s t ig a t io n  Of D_. me!anogaster. The pr imary 

con t ro l  mechanism was found to  invo lve  v ib ra t i o n a l  cues.

This paper represents a p re l im in a ry  examination o f  the con­

t r o l l i n g  fa c to rs  o f  frequency-dependent mate s e le c t io n ,  described 

by Grant e t  al_. (1974), in  the p a r a s i t i c  wasp Mormoniel la v i t r i -  

penni s .



MATERIALS AND METHODS

Mormoniel1 a v i t r i p e n n i s  is  a small wasp o f  the superfam i ly  

Chalc idoidea, which in  i t s  la rv a l  stages p a ra s i t i z e s  c e r ta in  

Dipteran pupae. In t h i s  experiment the female wasp was al lowed 

to  o v ip o s i t  her eggs in the pupae o f  the f l e s h f l y  Sarcophaga 

b u l l a t a . Females range from 1.0 to 3.5 mm. in leng th ,  males 

from 0.6 to 2.4 mm. The general b io logy  o f  Mormoniella has 

been reviewed by Whit ing (1967). The wasps show a very complex 

cou r tsh ip  behavior ,  predominantly charac te r ized  by the drumming 

o f  the male upon the head o f  the female w i th  h is  antennae and 

p ro tho rac ic  l imbs. In d iv id u a ls  are able to copula te immediately 

upon emergence from the Sarcophaga pupal case and may mate more 

than once. For a more complete review o f  the mating behavior,  

see Barrass (1960).

The s t ra in s  employed in  t h i s  experiment,  w i ld  type and a 

double mutant f o r  purp le  body and peach eye, were obtained o r i ­

g i n a l l y  from Carolina B io log ica l  Supply Company in  1972.

The wasps ’were cu l tu re d  in  small she l l  v i a l s  in  a lab o ra to ry  

incubator  a t  21-22°C w i th  a twelve hour (9 AM, 9PM, EST) l i g h t -  

dark cyc le .  Generation t ime a t  such temperatures is  approximate­

l y  21 days. In order to ob ta in  v i r g i n  wasps, the Sarcophaga pu­

pal cases, w i th in  which the wasps have a lready matured, are opened 

several hours p r i o r  to  emergence. Mating is  e f f e c t i v e l y  p roh ib i ted .

5
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w i th in  the host pupal cases due to  extremely t i g h t  crowding.

Upon re lease from the host puparium the a d u l t  wasps were imme­

d i a t e l y  anesthesized w i th  CĈ  and sorted as to sex. I n d i v i ­

duals were segregated according to  sex and eye c o lo r  (w i ld  or  

mutant) in glass v i a l s .  A l l  wasps were allowed a fo u r  hour 

recuperatory  period p r i o r  to  the mating experiments.

The mating observat ion chambers, made from modif ied glass 

she l l  v ia l s  (see Figure 1 ) ,  were designed to provide ease o f  

cons t ruc t ion  and maximum v i s i b i l i t y .  The end o f  a v ia l  was 

cu t  o f f ,  r e s u l t i n g  in  a glass c y l in d e r  90 mm. long w i th  a diameter 

o f  22 mm. A 4 mm. sec t ion  o f  a two-hole rubber stopper d iv ided  

the c y l in d e r  in to  equal halves. The holes on both sides o f  the 

d isc  were covered w i th  f i n e  metal screen. Free a i r  f low  was 

thus permit ted between halves o f  the double chamber v i a l ,  but 

v isua l  cues between the wasps o f  the adjacent chambers were 

severe ly  r e s t r i c t e d  and any physical contact  between the wasps 

was prevented.

Each end o f  the chamber was f i t t e d  w i th  a one-hole rubber 

stopper in to  which a short  length o f  metal tub ing  was at tached; 

a gen t le  curren t  o f  a i r  could then be pumped through the length 

o f  the chamber and out the excurren t  end. The a i r  l i n e  was a t ­

tached to  an a i r  compressor and f i l t e r e d  through charcoal and 

spun glass to remove im p u r i t ie s .  The v e lo c i t y  o f  the a i r  o u t f low  

was measured by i t s  a b i l i t y  to  d e f l e c t  a needle gauge. A gen t le  

a i r  f low  o f  constant value was ipaintained throughout the course 

o f  the experiment.

I f  the basis o f  frequency-dependent mate se le c t io n  were o l -
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fa c to ry  in  nature ,  then presumably these o l f a c t o r y  cues could be 

t ransm it ted  from one sect ion o f  the double chamber to  the o the r .  

The presence o f  the m in o r i t y  males in  the r i g h t  h a l f  o f  the ob­

serva t ion  chamber, designated chamber A (ad jus tm ent) ,  could be 

used to counterbalance the frequency-dependent mate se lec t ion  from 

the unequal r a t i o  o f  males in the a d jo in in g  chamber to  the l e f t ,  

designated chamber M (mating) where both sexes are present and 

mating is  observed and scored.

Three frequencies o f  mutant to  w i ld  type males were examined 

under cond i t ions  both adjusted f o r  the m in o r i t y  male (wasps in 

chamber A) and unadjusted (chamber A empty). Mo v isua l  or  phys i ­

cal contact  was permit ted between the a d jo in ing  chambers, but 

the t ra n s fe r  o f  the hypothet ica l  pheromone between the chambers 

was provided f o r  by the f low  o f  a i r  over the ' 'm ino r i ty "  in 

chamber A in to  the o ther  h a l f  o f  the observat ion chamber (M).

In a l l  t r i a l s  female w i ld  to mutant r a t i o s  were held con­

s tan t  a t  5:5;  a i r  f low  was maintained f o r  a l l  t r i a l s ,  w i th  or 

w i thou t  the ad jus t ing  m in o r i t y  males in  chamber A. In chamber 

M male r a t i o s  were var ied from 5 :5 ,  8 :2 ,  and 2:8 w i ld  to mutant 

type. In those t r i a l s  in  which the ra re  males o f  chamber M were 

to be adjusted by the presence o f  l i k e  genotype in chamber A,

6 males were used to compensate to e q u a l i t y .  Thus i f  a pheromone 

were involved in mate re c o g n i t io n ,  an 8:8 r a t i o  o f  w i ld  to  mutant 

pheromone could be assumed.

Matings fo r  a l l  t r i a l  runs were observed f o r  30 minutes w i th  

the aid o f  a d issec t ing  scope and scored as to the type o f  male 

and female in a given mating p a i r .  Mutant wasps were i d e n t i f i e d



by eye c o lo r ,  as body co lo r  d i f fe re n ce s  are sub t le .  Sexes were 

i d e n t i f i e d  by conspicuous d i f fe re n ces  in  wing length  and the po- 

s i t i q n s  assumed in cou r tsh ip  and mating. The chambers and rubber 

stoppers were thoroughly  washed between t r i a l s  to avoid any pos­

s ib le  odorous contamination. Approximately 200 matings were ob­

served f o r  each t e s t :  5:5 w i ld  to  mutant male; 8 :2 ,  unadjusted; 

8 :2 ,  ad justed; 2 :8 ,  unadjusted; and 2 :8 ,  adjusted.



9

Fig. 1 The double observat ion chamber. M = chamber M (mat ing) ;  
A = chamber A (ad jus tment) ;  S = two-hole rubber s top­
per and screens; N = needle gauge; L = a i r  l i n e .





RESULTS

The r e s u l ts  have been analyzed w i th  respect to  two fa c to rs :  

mating d is c r im in a t io n  and mating success. Mating d is c r im in a t io n  

is  a measurement o f  the tendency to mate w i th  l i k e  or  un l ike  geno­

types. An in d iv id u a l  th a t  mates on ly  w i th  members o f  i t s  own 

genotype is  said to  show p o s i t i v e  a s s o r ta t iv e  mating. Mating suc­

cess or  performance describes an i n d i v i d u a l ' s  r e l a t i v e  mating 

e f f i c i e n c y .  I f  v/asp A mates three t imes f o r  every two matings 

o f  wasp B, then v/asp A can be said to  be more successful a t  

mat ing .

Following Schaffer  (1968), Table 1 presents the r e s u l ts  o f  

te s ts  fo r  mating d is c r im in a t io n  between w i ld  and mutant s t ra in s  

f o r  each o f  the f i v e  te s ts .  S cha f fe r 's  measure represents a 

q u a n t i f i c a t i o n  o f  a sso r ta t ive  mating and may range from +100% to 

-100%, the sign in d ic a t in g  e i t h e r  p o s i t i v e  or  negative a sso r ta t ive  

mating. A l l  data in d ica te  some d is c r im in a to ry  mating patterns 

(non-zero values) in  the d i r e c t i o n  o f  p o s i t i v e  a s s o r ta t iv e  mating. 

However the re s u l ts  o f  an adjusted heterogenei ty  ch i-square te s t  

f o r  s ig n i f ica n ce  shov/s on ly  the mutant m in o r i t y  unadjusted data 

to  be s t a t i s t i c a l l y  s i g n i f i c a n t  a t  a p<0.05 le v e l .

In Table 2 the data have been rearranged f o r  the presenta t ion  

o f  mating performance. The mating performance o f  the females, 

regardless o f  the male f requenc ies,  never var ied s i g n i f i c a n t l y

10
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from the expected 5:5 r a t i o s  according to ch i-square te s ts .  A l l  

expected values f o r  unequal f requencies (8 :2 ,  2 :8 ;  adjusted and 

unadjusted) f o r  the male performance data have been un i fo rm ly  c o r ­

rected to correspond to  the non-random mating pa t te rns  observed 

a t  the 5:5 c o n t ro l .  At equal f requencies w i ld  males showed a 

s i g n i f i c a n t  advantage over the mutant males in mating success
p

(X =9.10, p<0.005). By d iv id in g  the matings in  which w i ld  males 

were involved (123) by the t o ta l  matings f o r  the 5:5 con tro l  (203),  

i t  i s  ca lcu la ted  th a t  w i ld  males were involved in .606 o f  the 

t o t a l  matings,  ra the r  than the expected .500 under cond i t ions  

a l low ing  f o r  random mating. In order to compensate f o r  t h e ,  

w i ld  type advantage, a c o r re c t io n  value o f  .106 N (where N is  

the t o ta l  number o f  matings) was c o n s is te n t l y  added to  the expected 

w i ld  type mating frequencies and subtracted from the expected 

mutant type mating frequencies a t  a l l  unequal f requencies.  Thus 

a t  a frequency o f  .800 w i ld  males, the expected number o f  w i ld  

male matings would be corrected to  .906 N and the expected num­

ber o f  mutant male matings would be s h i f te d  down from .200 N to 

.094 N. Likewise a t  a w i ld  to  mutant r a t i o  o f  .200 to .800 the 

number o f  expected matings would be .306 N f o r  the w i lds  and .694 

N f o r  the mutants.

For both the w i ld  m in o r i t y  unadjusted and the w i ld  m in o r i t y  

adjusted t e s t s ,  no s i g n i f i c a n t  dev ia t ions  from the corrected 

expected mating f requencies were observed. In each case the w i ld  

males approximated t h e i r  inherent  .106 mating advantage. With 

such co r rec t ions  frequency-dependent mate se lec t ion  was not i n d i ­

cated f o r  the w i ld  m in o r i t y  te s ts .
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The phenomenon o f  frequency-dependent mate se lec t ion  was 

shown fo r  both the mutant m in o r i t y  adjusted and unadjusted te s ts .  

Although both dev ia t ions  from the expected were s i g n i f i c a n t ,  

the .X  value f o r  the adjusted mutant m in o r i t y  was a much lower 

value. To determine whether the d i f fe re n c e  between the two 

treatments was s i g n i f i c a n t ,  the two samples were ranked in ac­

cord w i th  the Mann-Whitney U t e s t  (see d iscuss ion in  S iege l ,

1956). The measure o f  p r o b a b i l i t y  U was determined to be 65.5, 

which proved to be s i g n i f i c a n t  a t  the p^O.OOl leve l  ( f o r  1 degree 

o f  freedom).

The lessening o f  the e f f e c t  o f  frequency-dependent mate se­

le c t io n  f o r  the adjusted mutant m in o r i t y  is  shown g ra p h ic a l l y  in 

Figure 2. Mating success K is  p lo t te d  aga ins t  the male genotype 

frequency. The value K is  termed the c o e f f i c i e n t  o f  mating suc­

cess ( P e t i t  and Ehrman, 1969). A K value equal to  1.0 is  in d ic a ­

t i v e  o f  random mating where no mating advantage f o r  any type o f  

in d iv id u a l  e x is t s .  When K<1.0, in d iv id u a ls  are a t  a mating d i s ­

advantage and e x h ib i t  decreased mating success r e l a t i v e  to the 

other type. K>1.0 ind ica tes  an increase in  mating success.

For the mutant:

Km= (A /a ) : (B /b )
the var iance o f  K =K = ( b^/a^)(NA/B^)m vm v x '
standard d ev ia t io n  o f  K =K ^m vm

where a=number o f  mutant males, A=number o f ' fem a les  inseminated

by mutant males, b=number o f  w i ld - t y p e  males, B=number o f  females
6

inseminated by w i ld - t y p e  males, and N=A+B= to ta l  number o f  insem­

inated females. To determine mating success f o r  the w i ld - t y p e
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males, s imply interchange appropr ia te  case B and A in the pre­

ceding equat ions.

In Figure 2 regions 1 and 4 in d ic a te  the w i ld  m in o r i t y  data, 

both adjusted and unadjusted, in  which no evidence f o r  frequency- 

dependent mate se lec t ion  is  found. Regions 2 and 3 in d ica te  

frequency-dependent mate se le c t io n  f o r  the mutant m in o r i t y  males; 

the K values having been s h i f te d  s i g n i f i c a n t l y  toward the con tro l  

values as a d i r e c t  r e s u l t  o f  the presence o f  the a d jus t ing  mutant 

m in o r i t y  males in  chamber A.
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Table 1. Mating d is c r im in a t io n  te s ts  shown as numbers o f  matings 
observed. (*-.6) ind ica tes  adjusted m in o r i t y .

Male
frequencies

Females 
.5+ . 5mut

Total 
mati ngs

S ch a f fe r 's   ̂
measure Adj. H e t .X  Prob.

.2+ 36 24 211 +6.726 1.06 n. s .

.8mut 77 74

, 2+(+\ 6+) 30 25 202 +1.559 0.013 n. s .
.Smut 77 70

. 5+ 64 59 203 +4.235 0.24 n. s .

. 5mut 38 42

.8+ 83 75 207 +11.41 4.08 p<0.05

.2mut 17 32

. 8+ 86 88 206 +1.102 0.005 n. s .

. 2mut(*-. 6mut) 15 17
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Fig. 2. Mating success as ind ica ted  by K computed f o r  both 
w i ld  and mutant males p lo t te d  as a fu nc t ion  o f  
genotype frequency. So l id  l i n e  -  unadjusted; bro­
ken l i n e  = adjusted f o r  m in o r i t y ;  open c i r c le s  = 
w i ld  males; closed c i r c l e s  = mutant males. For 
d e s c r ip t io n  o f  regions 1, 2, 3, and 4 see t e x t .
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DISCUSSION

The re s u l ts  o f  the double chamber experiment described in 

t h i s  paper demonstrate th a t  the recogn i t ion  o f  one wasp by another 

as required f o r  frequency-dependent mate se le c t io n  i s ,  a t  le a s t  

in  p a r t ,  non-v isual and n o n - ta c t i l e .  Although the p o s s i b i l i t y  

o f  a v ib ra t io n a l  s t imulus s t i l l  e x i s t s ,  the much more l i k e l y  

re cogn i t iona l  f a c to r  is  chemical s t im u la t io n ,  i . e . ,  pheromonal. 

However, pheromones alone do not appear to mediate the frequency- 

dependent response. Even when the rare males have been compen­

sated to e q u a l i t y ,  the frequency-dependent mate se lec t io n  has 

not been completely e l im ina ted .  I t  is  poss ib le  th a t  in  Mormoni- 

el 1 a frequency dependent mate se lec t ion  may be the r e s u l t  o f  a 

mult i-component system.

Unlike the previous work on frequency-dependent mate se lec ­

t i o n  in Mormoni el la  (Grant e t  al_., 1974), the data accumulated 

here are asymmetric. A ra re - type  mating advantage was found fo r  

the mutant m in o r i t y  males, but not f o r  the w i ld  m in o r i t y  males. 

There are several poss ib le  explanat ions f o r  t h i s  discrepancy.

Due to the fa c t  th a t  the w i ld - ty p e  males showed a s i g n i f i c a n t  

mating advantage a t  a 5:5 r a t i o ,  an advantage which was ind ica ted 

by Grant e t  cH_. a t  a n o n -s ig n i f i c a n t  le v e l  (X = 2 .8 1 ,  p<0.10), i t  

might be the case th a t  a more extreme r a t i o  is  required to e l i m i ­

nate t h e i r  inheren t  advantage. The experimental method employed

17
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here d i f f e re d  from e a r l i e r  e f f o r t s  w i th  respect to two va r ia b le s :  

the a i r  blown across the wasps and a mating chamber o f  one -h a l f  

the volume* I t  is  not known what e f f e c t ,  i f  any, d en s i ty  has on 

the mating behavior o f  the wasps, but obv ious ly  more experimental 

work is  requ ired on possib le  dens i ty  re la te d  e f fe c t s .

The i n te r p r e ta t i o n  o f  these re s u l t s  provide no hard and fa s t  

explanat ions as to  the mechanism o f  frequency-dependent mate se lec ­

t i o n  in  Mormonie l la . They do provide l im i t a t i o n s  o f  what is  pos­

s ib l y  occurr ing  and a l low  fo r  the phrasing o f  questions in a more 

r igorous fashion.  This experiment is  a necessary small step in 

what may prove to be a long ser ies  o f  experimental problems re ­

quired to resolve the issue. The next pro jected experiment w i l l  

ho pe fu l ly  provide c l a r i f i c a t i o n  on the quest ion o f  whether these 

a i rborne cues are v ib ra t io n a l  or o l f a c t o r y .  The s u b s t i t u t io n  o f  

f r e s h ly  k i l l e d  males f o r  the l i v e  ones o f  chamber A w i l l  r e s u l t  

in  the e l im in a t io n  o f  any poss ib le  a u d i to ry  s t im u l i .  I f  the f r e ­

quency-dependent response is  s t i l l  c u r t a i l e d ,  o l f a c t i o n  w i l l  have 

been estab l ished as the c o n t r o l l i n g  sensory inpu t  t ra n s fe r re d  by 

a i r .

At the present t ime the importance o f  frequency-dependent 

mate se lec t ion  remains p r im a r i l y  t h e o re t ic a l  in  t h ru s t .  U n t i l  

such questions as how frequency-dependent mate se le c t io n  has been 

observed f o r  such s l i g h t  d i f fe re n ces  in  Drosophila males as being 

cu l tu red  a t  d i f f e r e n t  temperatures or  on d i f f e r e n t  media (Manning, 

1972) and whether the mating advantages can be demonstrated in 

na tura l  popu la t ions ,  the o ve ra l l  s ig n i f i c a n c e  o f  t h i s  phenomenon, 

the maintenance o f  genet ic  v a r ia t i o n ,  w i l l  remain c o n je c tu ra l .
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