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Flight Polymorphism 
in the Field Cricket Gryllus pennsylvanicus 
R.G. Harrison 

Department of Biology, Yale University New Haven, CT. 06520 USA 

Summary. Wing length polymorphisms are common in many groups of 
insects. In the field cricket Gryllus pennsylvanicus the long-winged morph 
occurs in low frequency in most populations but seems not to occur at 
all in certain areas and to become relatively abundant in others. Laboratory 
rearing experiments and single-pair crosses suggest that both inter-and intra- 
population variation can be explained at least in part by genetic differences. 
A model of genetic variation in threshold response is consistent with all 
available data. One possible mechanism for maintenance of the flight poly- 
morphism is discussed. 

Introduction 

Andrewartha and Birch (1954) pointed out that " . . .  because motility is a primary 
quality of animals, adaptations among them for dispersal are less obvious [than 
among plants]" (p. 89). In certain groups of insects "trivial movements" (South- 
wood, 1962), those "restricted to the animal's habitat" and generally associated 
with feeding, reproduction, predator avoidance, etc., are usually accomplished 
by walking or swimming. For these insects flight may be primarily an adaptation 
for dispersal. In many of these same groups wing length and flight muscle 
development are variable and individual species exhibit distinct morphological 
polymorphisms that clearly affect flight ability. Crickets (Orthoptera: Gryllidae) 
provide an excellent example of this phenomenon (Sellier, 1954; Alexander, 
1968). Species may be entirely macropterous (long-winged), entirely microp- 
terous (short-winged), or polymorphic. 

In this paper I discuss observations and experiments on wing polymorphism 
in the North American field cricket Gryllus pennsylvanicus. Two questions are 
of particular concern: Do morph frequencies vary among populations? If so, 
do genetic differences contribute to intra-specific variation in morph frequency? 
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rooktondale 

Fig. 1. Collecting localities for Gryllus 
pennsylvanicus populations in the eastern 
United States 

Materials and Methods 

I sampled populations of Gryllus pennsylvanicus from 21 localities in the eastern United States 
(Fig. 1). These areas include a variety of disturbed habitats - pastures, fields, and roadsides - 
all of which are characteristic for this species. Crickets were brought to the laboratory where 
body length and hind wing length were measured to the nearest 0.5 ram. Additional information 
on morph frequency was obtained from field censuses of marked individuals of G. pennsylvanieus 
in populations from Brooktondale, New York. 

In order to assess the contribution of genetic differences to geographic varation in wing morphol- 
ogy and development, I reared G. pennsylvanicus from six populations under constant laboratory 
conditions. Adult crickets from New York, Connecticut, Maryland, Virginia, and Washington, 
D.C. were brought into the laboratory between August 26 and September 10. For each population, 
eggs derived from 10 field collected females were placed in a refrigerator (T=4-7 ~ C) for 108 122 
days in order to break diapause. Upon removal from the cold, eggs were allowed to develop 
at 29 ~ C, with a light:dark regime of 14 h light, 10 h dark. Nymphs were reared under the same 
conditions in small aquaria (40 nymphs/aquarium) with food (Purina Cat Chow | and lettuce), 
water, and shelter (paper towel). Adults were removed as they appeared and body length and 
wing length determined as described above. 

Long-winged and short-winged laboratory-reared crickets from one population (Hereford, 
Maryland) were used as parents in single-pair crosses. Rearing procedures for the offspring of 
these crosses were identical to those used for the parents. 

Results 

V a r i a t i o n  in  w i n g  l e n g t h  in  G. pennsylvanicus is c l ea r ly  d i s c o n t i n u o u s .  F i g u r e  2 

s h o w s  t h a t  t he  f r e q u e n c y  d i s t r i b u t i o n  is b i m o d a l .  B o t h  f ie ld  c o l l e c t e d  a n d  l a b o -  

r a t o r y - r e a r e d  c r i cke t s  c a n  r e a d i l y  be  d i v i d e d  i n t o  t w o  d i s t i n c t  c lasses  ( m i c r o p t e r s  

a n d  m a c r o p t e r s ) .  
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Fig. 2. Frequency distribution of 
hind-wing length in 
field-collected and 
laboratory-reared Gryllus 
pennsylvanicus from Lowland 
and Blue Ridge populations 
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Table 1 presents frequencies of long-winged and short-winged individuals 
in natural populations of G. pennsylvanicus with collecting localities grouped 
according to geographic area. Three areas have been distinguished: Northern, 
Lowland, and Blue Ridge. Electrophoretic surveys of genetic variation in G. 
pennsylvanicus provide support for grouping populations in this way. Electro- 
morph frequencies are relatively constant among populations within a 
geographic area, but differ significantly between areas (Harrison, 1977, manu- 
script in preparation). There are also consistent differences in morphology and 
development. However, the BR2 population at the northern end of the Blue 
Ridge Parkway in Virginia is exceptional. Crickets from this site appear interme- 
diate between Lowland and Blue Ridge forms in morphology, development, 
and electromorph frequency (Harrison, 1977). 

The frequency of long-winged G. pennsylvanicus is low everywhere these 
crickets have been sampled, but populations from Lowland areas generally 
have higher frequencies of macropterous individuals (Table 1). Long-winged 
males have only been found in these Lowland populations and in the southern- 
most Blue Ridge population (BR7), which also contains a high proportion 
of long-winged females. The BR2 collection has a relatively high frequency 
of macropters, consistent with its known genetic affinities with Lowland popula- 
tions. Although the frequency of long wings is greater among females than 
males (Table 2), this cannot account for differences between geographic areas, 
since Lowland collections contain a smaller proportion of females than Northern 
or Blue Ridge collections. 
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Table 1. Frequency of long-winged and 
short-winged crickets in populations 
of Gryllus pennsylvanicus from the 
eastern United States. Some 
populations were sampled once, 
others more than once, during the 
summers of 1974-1977. See Fig. 1 and 
Harrison (1977) for additional 
information on collecting localities 

Sample size include data from 
field censuses of marked crickets 

Population n Short Long 

Northern 
Brooktondale, N.Y. 

Varna, N.Y. 
Walden, N.Y. 
Sharon, Ct. 
Bushkill, Pa. 

Blue Ridge 

Blue Ridge Parkway 

BD1 450 a 0.989 0.011 
BD2 91 0.989 0.011 
BD3 41 0.976 0.024 
BD4 422 ~ 0.993 0.007 
BD5 107 1.00 0.000 
VA 17 1.00 0.000 
WL 39 1.00 0.000 
SH 49 1.00 0.000 
BU 7 1.00 0.000 

BR1 100 0.990 0.010 
BR2 51 0.941 0.059 
BR4 70 1.00 0.000 
BR5 35 1.00 0.000 
BR6 53 0.981 0.019 
BR7 41 0.878 0.122 

Lowland 

Marion, Pa. MA 22 0.864 0.136 
Hereford, Md. HE 28 0.929 0.071 
Sparks, Md. SP 27 0.889 0.111 
Glen Burnie, Md. GB 21 0.952 0.048 
Washington, D.C. WA 89 0.966 0.034 
Charlottesville, Va. CH 21 0.952 0.048 

Table 2. Numbers of long-winged and 
short-winged males and females 
of G. pennsylvanicus. Data from all years 
and all collecting localities 

Long Short 

males 6 987 
females 27 761 

X2= 19.24 p<0.001 

Table 3 shows that even when eggs and nymphs develop in a uniform 
environment Lowland G. pennsylvanicus (HE and WA populations) have a signi- 
ficantly higher proportion of macropterous individuals. Indeed, the differences 
are far more striking in laboratory populations than in the field. The frequency 
of long-winged adults is also high among laboratory-reared crickets from BR2. 

Results from single pair matings of laboratory-reared crickets (Table 4) show 
that crosses of macropter x macropter give rise to significantly more macrop- 
terous offspring than micropter • micropter crosses. However, both types of 
crosses produce long-winged and short-winged progeny, and there is no reason 
to assume that the polymorphism is determined by a single gene. All individuals 
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Table 3. Proportions of long-winged 
individuals in laboratory-reared 
G. pennsylvanicus from six localities 

Males Females 

BDi 0t20(0.00) 0123 (0.00) 
BD5 0/13(0.00) 1tll (0.09) 
SH1 0/26 (0.00) 0113 (0.00) 
BR2 5/17 (0.29) 7/17 (0.41) 
HE 5/32 (0.16) 11/34 (0.32) 
WA 5/53 (0.09) 18/41 (0.44) 

Table 4. Results of single pair crosses 
involving short-winged (S) and long-winged 
(L) G. pennsylvanicus. Parents were 
reared in the laboratory at 29 ~ C, 14 h light: 
10 h dark. Their offspring were reared 
under identical conditions 

Comparison of results of all L x L and S x S 
crosses: for males 352= 13.89 (p <0.001), 
for females X2=8.79 (p<0.005) 

Cross Parental Numbers of offspring 
phenotypes of given phenotypes 

males females 

L S L S 

1 LxL 1 2 1 2 
2 LxL / 8 3 2 0 
3 LxL 3 2 6 1 
4 SxL 0 2 5 4 
5 SxS 2 17 4 9 
6 SxS 0 4 0 6 

All L • L crosses 12 7 9 3 
All S x S crosses 2 21 4 15 

used in these crosses were derived f rom one Lowland  popu la t ion  (Hereford, 
Maryland) .  Genet ic  var ia t ion  affecting wing development  must,  therefore, exist 
within as well as between populat ions .  

Discussion 

The observed frequencies of macropters  in G. pennsylvanicus popula t ions  sam- 
pled here are consistent  with the mean  value of 4% reported by Alexander  
(1968) for this species. In fo rma t ion  on wing morph  frequencies can also be 
derived f rom earlier observat ions  of G. pennsylvanicus. Walker  (1904) reported 
long-winged female G. abbreviatus (=pennsylvanicus) " c o m m o n "  in Ontar io ,  
a l though far less so than  the short-winged form. In  August ,  1901 he observed 
a "cons iderab le  n u m b e r "  of long-winged females f loat ing in Lake Huron ,  sug- 
gesting that  these individuals  do indeed fly. Al though long-winged females were 
frequently seen in Ontar io ,  Piers (1918) wrote that  " o n l y  the short-winged 
f o r m . . ,  has been met  with i n . . .  [Nova Scotia]".  Cantra l l  (1943) found  no mac- 
ropterous  G. pennsylvanicus among  33 males and 77 females collected at the 
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George Reserve in Michigan. Lutz (1908) examined specimens from populations 
along the east coast of the United States. Among G. pennsylvanicus from Perkins 
Cove, Maine, 3% of males and 11% of females were long-winged. At other 
localities in northern New England no macropters were found (among a total 
sample of 205 females). Piers, Cantrall, and Lutz do not refer to the species 
as G. pennsylvanicus, but it is evident from the localities and dates of collection 
that this is the species involved. 

Thus, although most populations of G. pennsylvanicus have the long-winged 
morph in low frequency, this form appears to be absent (or extremely rare) 
in certain areas and to become locally abundant in others. In general, the 
data suggest that southern populations (Lowland and southern Blue Ridge) 
have higher frequencies of the long-winged morph. However, this observation 
can be explained either in terms of environmetal differences (e.g. warmer temper- 
atures during development in Lowland areas) or in terms of genetic differences 
(which would be consistent with patterns of variation in soluble enzymes). 

Environmental factors have frequently been implicated in the control of 
flight polymorphisms in insects (for example, Brinkhurst, 1959; Young, 1965; 
Lees, 1966, 1967; Vepsalainen, 1974). In the family Gryllidae, changes in temper- 
ature (Ghouri and McFarlane, 1958; McFarlane, 1962), photoperiod (Masaki 
and Oyama, 1963; Saeki, 1966b; Alexander, 1968; Mathad and McFarlane, 
1968; Tanaka et al., 1976), density (Fuzeau-Braesch, 1961; Saeki, 1966a) and 
diet (McFarlane, 1962) have all been shown to affect the proportion of long- 
winged individuals in laboratory populations. 

Attempts to define a genetic basis for flight polymorphisms have often 
produced ambiguous results. Only in the weevil Sitona hispidula does wing 
length clearly appear to behave as a simple Mendelian trait (Jackson, 1928), 
although Lindroth (1946) has scanty evidence that the same is true in the 
Carabid beetle Pterostichus anthracinus. In both cases the short-winged condition 
appears to be dominant. Single-locus genetic models have also been proposed 
to explain observations on wing polymorphisms in water-striders (Poisson, 1924; 
Ekblom, 1941; Brinkhurst, 1959) and in the field cricket GrylIus desertus (Sellier, 
1954), but in none of these cases are the results convincing. Multi-locus models 
are equally satisfactory. 

The results presented here suggest that genotype makes a significant contribu- 
tion to determination of wing length and flight muscle development in field 
crickets. Differences in morph frequency between laboratory-reared F~ crickets 
could be attributed to maternal influence rather than genetic variation, but 
this seems less likely in view of the clear-cut results from single-pair crosses 
of these F 1 individuals. Thus, both inter- and intra-population variation in 
G. pennsylvanicus can be explained at least in part by genetic differences. In 
the genus Gryllus the frequency of long-winged and short-winged morphs varies 
significantly among species (Alexander, 1968). These differences no doubt also 
reflect genetic differentiation. 

The observations reported here, together with earlier work on the importance 
of environmental factors, are consistent with a model of genetic variation in 
threshold response. Individuals are assumed to have a threshold (perhaps deter- 
mined by hormone concentrations (Southwood, 1961)) above (or below) which 
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they become long-winged. They also have defined sensitivities to part icular  
environmenta l  cues (e.g. temperature,  photoper iod,  food  quality, etc.). These 
characteristics are mos t  likely determined by a large number  o f  loci. Within  
a given popula t ion  individuals may  become short-winged or  long-winged depend- 
ing on (1) the series of  environments  (including other  biota) encountered during 
development  and (2) their genetically determined threshold and sensitivities. 
In ter -popula t ion  variat ion must  be explained in terms of  genotype-envi ronment  
interactions. Differences in macropter  frequency between males and females 
within the same popula t ion  will result if the two sexes have different thresholds 
or  different sensitivities. Individuals may be sensitive to part icular  environmental  
factors only during a limited period of  their life cycle. 

Elsewhere (Harrison, 1977) I have shown that  short-winged G. pennsylvanicus 
always lack fully developed flight muscles, whereas these are usually present 
in long-winged crickets. Reduced flight musculature  in adult  insects is known  
to occur  in a variety of  groups including many  species o f  Hemiptera,  Homopte ra ,  
Coleoptera,  and Orthoptera ,  In certain species individuals with reduced flight 
muscles may  have greater survival and/or  fecundity (Young,  1965 ; Byers, 1969 ; 
Tanaka,  1976). In flightless aquatic beetles, the par t  o f  the thorax that  normal ly  
houses the flight muscles is occupied by the fat body  and, in mature  beetles, 
by par t  o f  the reproduct ive system (Jackson, 1952). Thus, in relatively permanent  
habitats  (those that  persist for a long time at the same location), reduct ion 
o f  flight musculature  may confer a distinct selective advantage on the flightless 
morph.  On  the other hand, colonizat ion of  new habi ta t  patches may  depend 
on dispersal by flight. I f  this is true for G. pennsylvanicus, then maintenance 
o f  flight po lymorph i sm in this species might  be viewed as the result of  a balance 
between the superior survivorship and fecundity o f  the short-winged crickets 
and the superior dispersal ability o f  their long-winged siblings. 
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