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Introduction

Stanley-Samuelson et al. (1988) proposed that the fatty acid 
composition of a given insect may represent an instantaneous 
window into a large array of ongoing dynamic processes. 
Among these processes, dietary fatty acids are incorporated 
into tissues without modifications; also, sugars and certain 
amino acids are converted into fatty acids, then incorporated 
into tissues. Tissue fatty acids may be modified by a number 
of endogenous enzyme systems, including desaturases. In ad-
dition to these processes, there is a continuous fatty acid turn-
over in tissue lipids, brought about by the regulated actions of 
hydrolytic and transferring enzyme systems.

Whereas these processes enable tremendous short-term 
changes in fatty acid composition, the bulk of insect fatty acid 
analyses indicate that most organismal-level profiles are fairly 
similar (Fast, 1970; Thompson, 1973). Within this broad simi-
larity, certain groups of insects stand out from the general pat-
tern. For example, with the exception of two cecidomyiids, lip-
ids from all dipterans so studied characteristically have high 
proportions of 16:1 (very often >20% of total fatty acids, com-
pared with 0–2% in most insects) (Fast, 1970; Thompson, 1973). 
Several other distinct patterns have been described for other 
insect taxa (Fast, 1970; Thompson, 1973; Stanley-Samuelson 
et al., 1988). These special patterns result from the biochemi-
cal processes mentioned above, yet they appear to be fixed fea-
tures within certain taxonomic groups.

A physiological interpretation of fatty acid compositions 
would argue that these profiles are not fixed characteristics of 
insects, but are the end products of adaptive biochemical pro-

cesses. If this were so, we would expect that insects would re-
spond to changes in various environmental and life-stage 
parameters by altering their fatty acid profiles. To be sure, de-
velopmental and dietary parameters strongly influence the 
fatty acid profiles of many insect species (Stanley-Samuelson 
et al., 1988). If insects are able to respond to changing condi-
tions by altering fatty acid profiles, then the extent of such 
changes become of interest. Can the fatty acid profiles of in-
sects be modified to only a limited extent, within the bound-
aries of some template, or might they be radically altered, be-
yond the patterns commonly seen in representatives of a 
particular group?

We analyzed the fatty acid compositions of phospholipids 
(PLs) and triacylglycerols (TGs) from two species of chinch 
bugs, Blissus leucopterus leucopterus (Say) and B. iowensis (An-
dre). Our data indicate that chinch bugs present fatty acid pro-
files very different from all other insects so studied except 
most Diptera, and that the patterns from B. l. leucopterus do not 
change during overwintering diapause, development, across 
gender or after mating. These data show that B. l. leucopterus is 
an example of an insect that does not undergo remodeling of 
fatty acid profiles even under extreme changes in environmen-
tal conditions and overwintering physiology.

Materials and Methods

Insects
Chinch bugs, B. l. leucopterus, were collected throughout the 

late summer, fall and winter of 1989–1990 from fields in Gage 
County, Nebraska. Prediapausing adults and nymphs were col-
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1. The fatty acid compositions of phospholipids and triacylglycerols prepared from whole chinch bugs Blissus leucopterus leucopterus and 

B. iowensis were analyzed.
2. The fatty acid profiles from these insects are different from those from all other insect groups so analyzed, except most Diptera.
3. The major components include 16:0 and 18:0, high proportions of 16:1 and 18:1 and low proportions of polyunsaturated fatty acids.
4. The fatty acid profiles were similar for several categories from both species of chinch bugs, including adult males and females, predia-

pausing and diapausing adults, and nymphs.

799



800   Sp i k e e t al. i n Com p a r a ti ve Bi oc he m i s t r y a nd Phy s i ol og y B 99 (1991)

lected in September from infested millet fields. After mid-Octo-
ber, diapausing adults were collected monthly from native prai-
rie bunchgrasses, mainly little bluestem (Schizachyrium scoparium). 
Diapause was broken in some adults by transferring them to sor-
ghum Sorghum bicolor in the greenhouse, and allowing them to 
mate and lay eggs. After 6 weeks, males and females were sepa-
rated according to morphological characteristics (Luginbill, 1922), 
then processed for lipid analysis. Groups of the bluestem chinch 
bug, B. iowensis were collected in July 1990 from buffalograss Bu-
chloe dactyloides on the east campus of the University of Nebraska–
Lincoln. Lipids from nymphs and winged and wingless adult 
male and females were analyzed.

Identifications of the chinch bug and the bluestem chinch bug 
were confirmed by the USDA Systematic Entomology Laboratory, 
Beltsville, Maryland.

Lipid analysis
Lipids were processed for fatty acid analysis according to rou-

tine methods (Howard and Stanley-Samuelson, 1990). Total lipids 
were extracted by homogenizing groups of 10-20 individuals per 
sample in chloroform: methanol (2:1, v/v) according to Bligh and 
Dyer (1959). Autooxidation of unsaturated fatty acids was mini-
mized by adding 50 µl of 2% butylated hydroxytoluene in chloro-
form to each sample during extraction. PL and TG fractions were 
prepared from total lipid extracts by developing Silica Gel G thin-
layer chromatography plates [20 × 20 cm, 0.25 mm thick on glass 
plates. (Sigma Chemical Co., St Louis, MO)] in petroleum ether: 
diethyl ether: acetic acid (80:20:1, v/v). Fractions were visualized 
under u.v. light after spraying with 2′,7′-dichlorofluorescein (Su-
peico, Supeico Park, PA) and identified by comparison with au-
thentic standards.

Phospholipid and triacylglycerol fractions were scraped 
from the plates, and transmethylated by refluxing the silica gel 
in acidified methanol for 90 minutes at 85°C. Fatty acid methyl 
esters (FAMEs) were extracted from the acidic methanol three 
times with petroleum ether, then chromatographed isother-
mally at 190°C on a Hewlett-Packard HP-5890 gas chromato-
graph (Hewlett-Packard, Palo Alto, CA) equipped with a SP-
2230 capillary column [0.25 mm × 30 M, 0.2 µm film thickness 
(Supeico, Supeico Park, PA)], a flame-ionization detector and an 
HP-3396A recording integrator. Samples were injected in split 
mode (45:1), and separations carried out with He2 carrier gas at 
0.6 ml/min. Major FAMEs were tentatively identified by com-
paring retention times with authentic standards (Sigma Chemi-
cal, St Louis, MO).

Gas chromatography-mass spectrometry of FAMEs
Identities of FAMEs were confirmed by analysis on capillary GC-

electron impact mass spectrometry (EI-MS) on a Hewlett-Packard 
5790 GC equipped with an SP-2330 column with specifications ex-
actly as described above (Howard and Stanley-Samuelson, 1990; Stan-
ley-Samuelson et al., 1990). The GC was interfaced to a Hewlett-Pack-
ard 5970 mass selective detector operated at 70 eV. A 45-s splitless 
injection was used and all GC runs used temperature programming 
from 170 to 200°C at 1°C/min, following an initial 2-min holding pe-
riod. Separations were carried out with ultrapure He2 at 1 ml/min.

Retention times and total ion EI-mass spectra of even carbon-
number FAMEs were compared with FAME standards obtained 
from Sigma Chemical Co. Odd carbon-number FAMEs and hy-
droxy FAMEs were characterized by comparison with published 
EI-mass spectra (McCloskey, 1970; Ryhage and Stenhagen, 1963).

Results

Blissus leucopterus leucopterus
The fatty acid compositions of PLs and TGs prepared from 

adult males and females, and from nymphs collected before 
the diapause season, are shown in Table 1. The unusual fea-
tures of these analyses of chinch bugs are the consistently high 
proportions of 16:1, that make up more than 25% of PL and 
more than 35% of TG fatty acids, respectively, and the very low 
proportions of polyunsaturated fatty acids (PUFAs). Taken to-
gether, the polyenoic components make up less than 3% of PL 
fatty acids and do not occur in greater than trace levels in TGs. 
In addition to the components that are usually seen in insect 
lipids, we detected small proportions of odd-chain fatty acids.

Chinch bugs can be brought out of diapause by placing 
them on a suitable host with a long-day photoperiod (16:8, 
day: night) which induces mating and oviposition (Smith et 
al., 1981). After 6 weeks, the non-diapausing chinch bugs were 
processed for fatty acid analysis. The fatty acid compositions 
of PLs and TGs from diapausing and non-diapausing chinch 
bugs are shown in Table 2. These data indicate that the fatty 
acid profiles from prediapausing, diapausing and non-dia-
pausing chinch bugs are similar.

We analyzed PLs and TGs from three groups of virgin and 
mated female chinch bugs. Comparisons of virgin and mated 
females showed that mating status did not alter the PL and TG 
fatty acid compositions (data not shown).

Table 1. Proportions of fatty acids as percentages of total fatty acids associated with phospholipid and triacylglycerol fractions prepared 
from prediapausing chinch bug, Blissus leucopterus leucopterus Say

Fatty acid                                              Phospholipid                                                                                               Triacylglycerol

               	 Male               	 Female  	 Nymph       	 Male 	 Female      	 Nymph 
	 (n = 2)      	  (n = 3)  	 (n = 4)      	  (n = 3)   	 (n = 4)       	 (n = 2) 

14:0	 0.4 (0.05)	 0.1 (0.00)	 0.2 (0.05)	 0.2 (0.09)	 0.5 (0.35)	 0.2 (0.00)
14:1	 0.4 (0.12)	 0.3 (0.05)	 0.3 (0.05)	 1.2 (0.14)	 1.1 (0.08)	 0.9 (0.05)
15:0	 1.2 (0.29)	 1.1 (0.21)	 1.2 (0.15)	 1.6 (0.76)	 1.5 (1.49)	 2.3 (0.40)
16:0	 5.4 (0.87)	 4.7 (0.59)	 4.3 (0.30)	 18.5 (3.53)	 17.3 (3.31)	 17.8 (1.05)
16:1	 33.5 (1.87)	 33.9 (1.42)	 33.1 (2.95)	 41.7 (3.01)	 41.0 (1.85)	 36.8 (1.50)
18:0	 5.7 (0.46)	 4.7 (0.37)	 7.5 (1.10)	 2.2 (0.21)	 2.4 (0.28)	 4.2 (0.00)
18:1	 47.6 (0.97)	 49.6 (1.19)	 48.2 (1.45)	 33.7 (1.10)	 36.0 (2.26)	 35.5 (2.10)
18:2	 1.1 (0.14)	 0.7 (0.26)	 0.6 (0.20)	 0.2 (0.12)	 0.1 (0.00)	 0.1 (0.01)
18:3n-6	 0.5 (0.07)	 0.5 (0.08)	 0.7 (0.15)	 0.1 (0.04)	 0.1 (0.02)	 0.1 (0.01)
18:3n-3	 0.5 (0.07)	 0.3 (0.05)	 0.3 (0.00)	 tr (3/3)	 tr (3/4)	 tr (2/2)
20:1	 1.1 (0.19)	 1.1 (0.09)	 1.4 (0.10)	 tr (3/3)	 tr (3/4)	 0.2 (0.05)
20:3n-6	 tr (4/4)	 0.5 (0.15)	 0.2 (0.00)	 —	 —	 0.1 (0.00)

Values are mean with SD in parentheses, n = Number of samples. tr = Trace proportions (< 0.1%), with parenthetical fraction, x/y, indicating the 
number of runs showing peak/number of replicates.
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Blissus iowensis
Fatty acid compositions of PL and TG prepared from 

nymphs and adult males and females are set out in Table 3. 
Winged and wingless morphs were analyzed, and because the 
profiles from both were similar, they are not reported sepa-
rately. The overall profiles from B. iowensis are similar to those 
from B. l. leucopterus, with high proportions of 16:1 and very 
low proportions of PUFAs. Traces of odd-chain component 
and of C20 PUFAs were also recorded in all PL analyses.

Discussion

The PL and TG fatty acid profiles from B. l. leucopterus and B. 
iowensis are very similar. Chinch bug PL and TG fatty acid pro-
files are characterized by high proportions of 16:1 and very low 
proportions of C18 and C20 PUFAs; as such, these patterns dif-
fer from fatty acid compositions known from all other Heterop-
tera so studied, and are similar only to the patterns known from 
most species of Diptera (Fast, 1970; Thompson, 1973).

Within the Hemiptera, Homoptera have fatty acid profiles 
that are considerably different from the majority of insect spe-
cies (Fast, 1970; Thompson, 1973). Most species in Aphidio-
dea feature very high proportions of 12:0 and 14:0, and rela-
tively small proportions of 18:2n-6. Coccids are different from 

other Homoptera with high proportions of 10:0 and 12:0. Het-
eropterans differ from homopterans because they present fatty 
acid profiles that are similar to the typical insectan pattern, al-
though we do not have enough data on species in this group 
to be aware of exceptions (Fast, 1970). The fatty acid profiles 
of lygaeids, with the exception of the milkweed bug Oncopel-
tus fasciatus (Dallas) (Kinsella, 1966; Young, 1967), are virtu-
ally unknown. The profiles described here are the only analy-
ses of Blissinae, and they are different from most insects. The 
Lygaeidae is a large family with over 250 North American spe-
cies. These insects are generally regarded as seed bugs, but the 
family also includes a tribe of insect predators (Geocorinae), 
as well as the Blissinae, which feed on plant fluids (Borror et 
al., 1989). Considerable differences in fatty acid profiles may 
be expected among the different feeding types. Indeed, among 
predatory lygaeids, the fatty acid profiles of Geocoris punctipes 
are very different from the Blissinae, with low proportions of 
16:1 (about 7%) and high proportions of 18:2 (about 40%) (A. 
C. Allen, pers. commn).

Our analyses showed odd-chain fatty acids which have only 
recently been included in reports on insect tissue lipids. These 
components have been detected in PLs from the beetle Tenebrio 
molitor L. (Howard and Stanley-Samuelson, 1990) and from the 
cicada Tibicen dealbatus (Stanley-Samuelson et al., 1990). Taken 

Table 2. Proportions of fatty acids as percentages of total fatty acids associated with phospholipid and triacylglycerol fractions prepared 
from nondiapausing and diapausing chinch bugs, Blissus leucopterus leucopterus Say

                                                                             Phospholipid                                                                                            Triacylglycerol

Fatty acid   	 Non-diapausing       	 Diapausing 	 Non-diapausing    	 Diapausing 
	 (n = 12)	 (n =11)	 (n = 12)	 (n = 10) 

14:0	 tr (8/12)	 tr (4/11)	 0.4 (0.22)	 —
14:1	 tr (9/12)	 0.2 (0.07)	 1.0 (0.09)	 0.9 (0.03)
15:0	 0.5 (0.23)	 —	 1.7 (0.48)	 —
16:0	 3.1 (0.79)	 3.5 (0.35)	 14.5 (1.73)	 10.2 (1.14)
16:1	 33.7 (3.25)	 32.1 (1.60)	 39.0 (2.04)	 43.8 (1.32)
18:0	 4.5 (0.74)	 4.8 (0.51)	 2.7 (0.51)	 2.1 (0.29)
18:1	 55.5 (2.85)	 52.6 (3.38)	 41.2 (1.00)	 41.8 (1.52)
18:2	 0.9 (0.44)	 0.9 (0.19)	 tr (11/12)	 0.1 (0.01)
18:3n-6	 0.4 (0.09)	 0.8 (0.14)	 tr (12/12)	 0.1 (0.03)
18:3n-3	 0.4 (0.07)	 0.4 (0.11)	 tr (12/12)	 tr (3/10)
20:1	 0.6 (0.15)	 1.2 (0.18)	 0.1 (0.04)	 0.1 (0.03)
20:3n-6	 0.3 (0.08)	 0.7 (0.16)	 —	 —

Values are mean and SD in parentheses, n = Number of samples, tr = Trace proportions (< 0.1%), with parenthetical fraction, x/y, indicating the 
number of runs showing peak/number of replicates.

Table 3. Proportions of fatty acids as percentages of total fatty acids associated with phospholipid and triacylglycerol fractions prepared 
from the bluestem chinch bug, Blissus iowensis Andre collected from buffalograss 

Fatty acid  	                                    Phospholipid	                 		                                                     Triacylglycerol		

	 Female 	 Male  	 Nymph  	 Female 	 Male  	 Nymph 
	 (n = 3)	 (n = 4)	 (n = 1)	 (n = 3)	 (n = 4)	 (n = 1)

14:0 	 tr (2/3)	 tr (2/4) 	 —	 tr (2/3) 	 3.1 (0.95)	 4.6 
14:1 	  0.3 (0.12)	 0.4 (0.15) 	 0.4	 1.4 (0.16)	  1.6 (0.19) 	 1.2
16:0 	  4.3 (0.25) 	 4.7 (1.04)	  3.7	  19.2 (2.64) 	 16.9 (1.82)	 22.5
16:1 	 30.3 (0.62)	  25.6 (1.29) 	  30.1 	 33.7 (3.21)	 35.0 (2.04)	 28.9
18:0 	  3.8 (0.62) 	 4.9 (0.57)	 4.5 	  4.9 (1.77) 	 3.3 (0.25) 	  6.6
18:1 	 58.2 (0.21) 	  60.4 (0.94)	 57.6	 39.5 (1.69)	 40.3 (1.08) 	 35.4
18:2 	 0.8 (0.14) 	  1.3 (0.26) 	  0.5	 tr (3/3) 	 0.2 (0.06) 	 tr 
18:3n-6 	 0.2 (0.05) 	 0.3 (0.04) 	 —	  0.1 (0.04)	  0.1 (0.00) 	 0.2 
18:3n-3 	 0.2 (0.01)	 0.3 (0.07) 	 0.3	  tr (3/3)	  tr (4/4) 	 tr
20:1 	 1.3 (0.17) 	 1.4 (0.29)	  1.3	  0.3 (0.04) 	 0.2 (0.09)	  0.2
20:3n-6	  0.3 (0.04)	  0.2 (0.00)	 0.2	 tr (2/3)	  tr (2/4)	  tr

Values are mean and SD in parentheses, n = Number of samples, tr = Trace proportions (< 0.1%), with parenthetical fraction, x/y, indicating the 
number of runs showing peak/number of replicates.



802   Sp i k e e t al. i n Com p a r a ti ve Bi oc he m i s t r y a nd Phy s i ol og y B 99 (1991)

with the recent attention given to the occurrence and signifi-
cance of eicosanoid-precursor PUFAs in insect lipids (Stanley-
Samuelson and Dadd, 1983; Stanley-Samuelson et al., 1988), the 
total number of fatty acid components in most insect tissues 
may be considerably greater than usually recognized. These 
more recently-recognized components are usually present in 
relatively small proportions, and some appear only in trace 
amounts. For the most part, they would be observed only by 
capillary column gas chromatography and/or mass spectrom-
etry. The biosynthesis and significance of these components are 
not yet understood, but their presence suggests a very complex 
picture of fatty acid biochemistry in insects.

To what extent can the patterns seen in these and other in-
sect groups be modified in response to changes in environ-
mental and biological parameters? Some groups, such as the 
Lepidoptera, are able to considerably modify their fatty acid 
patterns. Lepidoptera exhibit typical animal fatty acid profiles, 
characterized by low proportions of 16:1 and high proportions 
of 18:2n-6 and/or 18:3n-3 (Fast, 1970). However, in total lipids 
of bollworms, Heliothis zea (Boddie), fatty acid deficient diets 
produce larvae with much higher proportions of 16:1 and 18:1 
and much lower proportions of 18:2n-6 than larvae reared on 
fatty acid replete diets (Barnett and Berger, 1970). Dietary PU-
FAs similarly effected tissue lipids on the butterfly Pieris bras-
sicae (Turunen, 1973). These changes in dietary parameters af-
fected radical shifts in fatty acid profiles.

Other groups (i.e. Diptera, the Blissinae) show very lit-
tle change within a characteristic fatty acid template. Dip-
tera, with the exception of two species of cecidomyiids (Fast, 
1970), characteristically have high proportions of 16:1, as in 
chinch bugs. Studies of the effects of larval dietary PUFAs 
on tissue PL fatty acid compositions in adult mosquitos Cu-
lex pipiens L. and Cx. tarsalis showed that increasing levels 
of dietary PUFAs had only small effects on tissue monoun-
saturate proportions (Stanley-Samuelson and Dadd, 1983; 
Dadd et al., 1987). This suggests that the characteristic fea-
ture of dipteran fatty acid profiles is not substantially mod-
ified by a major environmental constraint, even to the point 
of complete absence of essential dietary PUFA. Also, choline 
deficiency impacts on house fly tissue PLs by reducing the 
proportion of phosphatidylcholine with respect to phospha-
tidylethanolamine (Bridges and Watts, 1975). These changes 
in PL composition were reflected in PL fatty acid composi-
tions: PL 16:1 decreased from 47 to 41 % with increased lev-
els of dietary choline. The results from these dipterans show 
that fatty acid profiles may be altered by changes in environ-
mental and dietary parameters, but the alterations are consis-
tently within the characteristic dipteran pattern.

We observed similar fatty acid profiles in all categories 
of chinch bugs that we analyzed: nymphs, virgin and mated 
adult females, adult males, prediapausing, diapausing adults, 
and adults brought out of diapause. Diapausing adults con-
sistently had higher proportions of 16:1 than their pre- and 
non-diapausing counterparts, but the overall features of high 
16:1 and low PUFA proportions occurred in all cases. Hence, 
chinch bugs are among those insects that do not radically 
modify their fatty acid compositions in response to changes in 
environmental parameters.
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