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Abstract 

Seven species of false wireworms were found associated with grain 
crops in South Dakota. El eodes opaca (Say) was the most abundant 
species and was frequently associated with damage to wheat fields. 
The larval stages of this species, Eleodes extricata (Say), and El eodes 

obsoleta (Say) were present both during the spring and the fall and 
were capable of causing damage to recently sown grain fields at each 
of these times. El eodes sutural is (Say) and Eleodes hispilabris (Say) 
were present in the actively feeding stage only during the fall and 
were capable of causing damage to winter wheat. Embaphion muricatum Say 
and Eleodes tricostata (Say) were present in grain fields but were not 
associated with damage. 

In the past, summer fallow and crop rotation interrupted the life 
cycles of these species and kept populations below economic levels. 
However, changes in cropping practices in recent years have resulted 
in widespread damage. Continuous growth of wheat will increase the 
populations of false wireworms and may result in these insects being a 
limiting factor in wheat production. 

On the cover: An adult Elodes suturalis beetle. September 1975 



False Wirevvorsns 

of economic importance in South Dakota 
( Coleoptera: T enebrionidae) 

C. 0. Calkins and V. M. Kirk 

False wireworm is the common name for larvae of beetles of the 
genera Eleodes and Embaphion. They belong to an extensive coleopteran 
family, Tenebrionidae, which has more than 15, 000 described species 
and subspecies of which 210 belong to the genus Eleodes and 7 belong 
to the genus Embaphion (3). 

The common name is derived from the fact that the larvae closely 
resemble larvae of Elateridae, the true wireworms. They can be distin­
guished from true wireworm larvae by several taxonomic characteristics. 
However, the easiest methods for field identification include: 
longer and more prominent legs, longer antennae that are conspicuously 
clavate, a non-flattened body, and more rapid movement of the larvae 
( 16) . 

False wireworms are generally described as inhabiting the arid 
and semi-arid portions of the United States west of the 97th meridian. 
The adults are usually crepuscular or nocturnal and seek shelter 
during the day under litter, rocks and dried animal dung, and in small 
animal burrows. They feed on seeds, plant leaves, chaff, and occasion­
ally soft bodied insects. They deposit their creamy white, oval eggs 
about 1/8 to 1/2 in. below the soil surface. The larvae, for the most 
part, exist below the soil surface where they feed on seeds, roots, 
and decaying organic matter. 



F i g . 1 . --Dorsal  aspect of adu l t s  of the 7 species  of e conomic 
fal s e  wireworms found in South Dakota . 
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F a l s e  wi reworms were important pests  of wheat duri ng the ea rly 
part o f  this c e ntury, and the c roppi ng p ractices  o f  that time were 
synch ro nized wi th the li fe cycl e of s e veral spec i e s. However, a wide­
spread cha nge in c roppi ng p ract i ces occurred duri ng the 1920s and 
1930s . Farmers began to alte rnate wheat with other c rops ,  and they 
began a p ractice called s ummer fallowi ng . 

These  pract ices were detrimental to fals e wire worms because  they 
broke the c rop conti nui ty necessary fo r the comp letion o f  the li fe 
cycl es . The economi c  importance of fals e wi re worms seemed to decli ne 
quite sharp ly, and the mention of economi c i nfestations no lo nge r  
appeared i n  t h e  s c i e nt i fic l it e rat ure . 

The recent occ urre nce of s e ve ra l  s cattered i nfestations p rompted 
another look at this g roup of i nsects to determi ne the caus e  o f  these  
out break s and to ascertai n what potential ex ists  fo r another major 
p robl em to  ari s e .  

Biology and Life History 

After exte ns i ve sampli ng of various habitat s ,  s e ve n  speci es o f  
fa l s e  wi re wo rms associated wi th c rop s i n  South Dakota were ident i fied. 
These were Eleodes suturalis (Say) , Eleodes opaca (Say) , Eleodes 

hispilabris (Say) , Eleodes extricata (Say), Eleodes tricostata (Say) , 
Eleodes obsoleta (Say) , and Embaphion muricatum Say (Fig . 1). Biol ogy 
and life history info rmation a bout these species h ave bee n  accumulated 
by e ntomol ogi s t s  s i nce 18 90. Our s t udies we re des i g ned to us e this 
earl y i nformat ion to delve deeper i nto the ecology and the c rop-i nsect 
relationships of these false wi reworms i n  South Dakota . 

Adul ts  of each spec ies were col l ected througho ut wes t e rn South 
Dakota fo r establi shment of l a boratory colo nies and use in bi o logical 
s t udi e s .  The e s s e ntial aspects of the bio logy o f  each species were 
determi ned by us i ng the same standardized method s .  

The s eparat ion o f  ma le  and female bee t les  o f  each s p e c i e s  was 
achieved by the us e of c riteria descri bed by Blai sde l l  ( 3) ( Table 1) . 
The fecundity of females and the s i ze of eggs were determi ned by the 
techni ques deve l oped by Mat teson ( 17 ,  18 ) .  

The numbe r  of larval  i nstars was dete rmi ned from head cap s ul e  
meas urements  with an ocul a r  mi c rometer .  The head cap s ul e s  o f  neo nates 
were meas ured , and the l arvae were p l aced i n  sma l l  pet ri dishes co n­
taini ng ground wheat . The dishes were p l aced i n  p l ast i c  bags cont a i ni ng 
moi s t  paper t o we l s  to p reve nt desiccation of the l a rvae and we re h e l d  
at constant temperat ures o f  21-24°C .  Larval  head cap s ul es were meas ured 
dai l y ,  a nd the g ro und med i um was exami ned fo r exuvia  to dete rmine the 
numbe r  o f  i ns tars . Dyar's Law ( 11) was app l i ed to as sure that a l l  
i nstars were accounted for. Mat ure l arvae and p repupae were p l aced i n  
mois t ,  s a ndy soi l fo r p upat i o n  and held i n  cabi nets a t  24-47°C .  The 
pans were exami ned dai l y  fo r adul t eme rgence . Newly eme rged adults 
were p l aced i n  ovipo s i t io n  containe rs to determine the l e ngth of the 
p reoviposit ion period . The o vipo s i t i o n  med i um was exam i ned dai ly  for 
the p re s e nce of eggs . 
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Tabl e !. --Distingui shing characteri s t i cs s eparat ing ma l e  
and fema l e  fa l s e  wireworm adu l t s  ( 3) . 

Sexua l characters 
Species 

El eodes 

sutural is 

E .  opaca 

Ma l e  

Protho raci c femo ra wi th 
a cute tooth . 

Body moderate ly narro w  
and fus i form. 

1st 2 joints at prothoraci c 
tarsi  s l ight ly widened and 
cl othed beneath with dense 
pads of spongy pube s cence ,  
surface of pads flat.  

E .  hispilabris Prothoraci c femora with 
an acute tooth . 

E .  tricostata Elytra widest at base.  

E .  extricata 

Abdomen dis tinct l y i mpress ­
ed at base  of 1st s eg ment 
and bet ween the coxae . 

Ant e rior spur of protho­
raci c t i bia 1/3-1/2 l onge r 
than post e rior.  

1st joint of each protho­
raci c tarsus wi th a s ma l l ,  
subacut e tuft o f  ye l lowi sh 
pubescence on the pro ­
duced t ip beneath . 

Body fus iform-ovate ,  
e l ongate . 

Prothoraci c f e mo ra armed 
wi th subacute tooth . 

1st joint of prothoraci c 
tarsi  cl othed at tip 
beneath, wi th a s mal l 
subt run cate tuft of golden 
pubes cence usua l l y darkly 
d i s co l ored . 
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Fema l e  

Prothoraci c femo ra with a 
s ma l l  o btuse tooth . 

Body broadly  fus i fo rm 
ova l .  

Prothoraci c t ars i un­
modified . 

Prothoraci c fe mora wi th 
an o btuse  tooth . 

Elytra widest at midd l e . 

Abdomen s t rong ly convex . 

Ant e rior spur of p rotho­
raci c t i bia 2 t i mes as 
long as posterior.  

1st joint of protho­
raci c tarsus wi th a tuft 
of ordinary p i ceous 
spinu l es on the thi ck­
ened t ip . 

Body ovate,  rathe r  ro bust . 

Prothoraci c  femo ra un ­
armed . 

1st joint of prothora ci c 
tarsi  narrowl y and t rans ­
ve rs e ly thi ckened at tip 
beneath with short 
p i ceous spinu l e s . 



Tabl e 1. Cont inued . 

Sexua l  characte rs 
Species  

E .  obsoleta 

Embaphion 
muricatum 

Mal e  

Body e l ongate . 

Elyt ra g radual l y  narrowed 
posteriorly . 

Ant e rior spurs of p rotho ­
rac ic t i bi a  ca . t wice as 
l ong as post e rior.  

1st joint of protho racic 
tars i  with minute tuft of 
modified spinu l es s ca rce l y  
evident , ordinary spinu l es 
p resent on thickened t ip 
beneath . 

Abdomen mode rat ely  convex 
and not noti ceabl e  im­
p ressed . 

Protho raci c  t i bia quite  
sudden ly and briefly con­
s t ricted at bas e .  

Fema l e  

Body ro bust . 

Elyt ra broadly  ova l  and 
s l ight ly na rrowed pos ter­
iorly . 

Ante rior spurs of p rotho­
raci c t i bi a  usua l ly ca.  
1/3-1/2 l onger than 
posterior. 

1s t joint of p rothoracic 
tars i wi th ordinary 
spinu l es on thickened 
tip beneath. 

Abdomen rathe r  s t rong ly 
convex. 

Protho rac i c  t i bia g radu­
al ly narrowed at base . 

To determine the s easonal appearance of the s tages of e ach species , 
i t  was necessary to make detai l ed obs e rvat ions in the fi e l d . Popul a ­
t ions of adu l t s  were eas iest  to samp l e  ove r  wide areas because  they 
moved a bout on the surface and could  be eas i ly t rapped . 

Other s tages occurred in the soi l in re l at i ve l y  l o w  numbers and 
were quite  difficu l t  to samp l e  systemat i ca l l y  over l a rge geographical  
a reas . The temporal occurrence of these other s t ages was determined 
by s amp l ing in areas of damage and at randomly s e l ected s i tes  through­
out the g ro wing season as we l l  as by extrapolat ing the rat e  of deve l op ­
ment of each s tage beg inning with t h e  appearance of reproduct i ve ly 
mature adu l t s . 

To dete rmine the s easonal appearance of adu l ts throughout South 
Dakota i t  was necessary to col l ec t  them e ve ry 1 to 2 weeks throughout 
the g ro wing s eason . Adu l t s  of fa l s e  wi reworms are f l i gh t l e s s  and 
exhi bi t  a c repuscu l ar or nocturnal act i vi ty pattern ,  making them 
difficul t  to find during the day . 

To s amp l e  the popul at ions ade quate ly,  t wo types  of pitfa l l t raps 
were used. One type cons i sted of 1-pt . mason jars as desc ri bed by 
Matteson (1 7 ,  18 ) . Anothe r type , a t rough t rap designed t o  capture 
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larger s amp les , was cons t ructed from galvani zed metal and measured 
about 36 X 4 X 2 in . ( 6) . Both types of t raps were buri ed flush with 
the soil surface , and a ll vegetation and obs tacles were c leared from 
a 6- in . band around each t rap . 

The jar t raps were us ed in 1964� 1965, and 1966, and the t rough 
t raps were used in 1967 and 1968 . 

Traps were p laced in grain fi elds on high level areas o r  at the 
c re s t  of kno lls about 20 ft. into the field in groups of thre e ,  usually 
5-10 ft. apart . Many workers have indicated that fals e  wi reworms we re 
mos t numerous in such locat ions (6,  21, 27, 29, 32) . 

App roximate ly 32 fields were s e lected each year as t rapping s ites 
within wheat gro wing areas of the s tate . Trapping periods and field 
locations varied from year to year because of cropping s e quences . 
F i e lds used were e ithe r unde r summer fallow or crop rotat ion sys tems . 
Harvesting and weed contro l  p ractices resulted in premature terminat ion 
of some t rapp ing s ites , however.  

Traps were vis ited at intervals of from 6 to 14 days . Beetles  
were usually found alive , but  i f  they had died , the  elytra we re always 
p resent so that accurate ident ificat ion and counts  could be made . 

Because the number of fie ld locat ions and the time that t raps were 
present at each s ite  were vari ab le within and among years , all o f  
t h e  data were reduced to t h e  number of beetles caught p e r  location p e r  
day. For e a s e  of.int e rpretation , t h e  season was divided into 15- day 
intervals . The data were t ransformed to percentages of beet les  o f  
each species caught during each time int erval throughout t h e  5-year 
p e riod . Thi s  reduced the b i as int roduced by having unequal numbers of 
field s ites and by ext remes of dai ly weather e ffects . 

Our experimental data and the obs e rvations of other entomologists 
are summari zed in Table 2, which encompas s ed mos t  of the pert inent 
detai ls of the life cyc le of these seven species . The numbe r  of 
ins tars and the mean head capsule widths o f  six of the species are 
shown in Table 3 .  

Table 4 shows the  s eas onal appearance of adults of each speci es  
from Apri l 16 to October 15 from 1964 through 1968 . The seasonal 
occurrences of the li fe stages of each spec ies (from our s tudies and 
obs e rvations by other worke rs ) are sho wn in Table 5. These comb ined 
obs e rvat ions complete the li fe histories of these seven spec ies in 
South Dakota and i llus t rate how the seasonal appearance of each stage 
varied between species . 
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Table 2.--Biology of false wireworms found in South Dakota .. !/ 

Species 

Eleodes sutural is 

E. opaca 

E. hispilabris 

E. tricostata 

E. extricata 

E. obsoleta 

E. muricatum 

Size range 
(LxW, mm) 

Egg 

1.20-1.33 x 0.68-0.76 
1. 5- 2 x i!!./ 
l.2-l.37X0.63-0.77EJ 

1.20-1.32 x 0.65-0.73 
Ll-1.4 x o.'5o-o.65� 
1.5-1.7 x 8-0.85� 

1.10-1.32 x 0.65-0.75 
1.5�/ 

2.0-2.91 x 1.1-2.0 
2 . 2-2 . 5 x 1. 2.�/ 

0.9-1.4 x 0.60-0.75 

1.7-2.3 x 0.98-1.33 

1.20-1.35 x 0.65-0.78 
1.1-1.3 x 0.60-0.62.&/ 
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Incubation 
period 
(days) 

7-26 
(30-15°C) 
8-10�/ 

u 
6-9 
6-19d/ 
6-10:V 

10-12 
9-13� 

14.91.!l 
10-18.!l 

10 
14.5 AvY 

6-11 AugS 
46 NovY 

8-10 
10.86.!l 

8 

4-9 
10-13£/ 



Table 2.--Continued. 

Larva PreEuEa Pupa 

Larval Prepupal Pupal 
No. period period period 

Species ins tars (days) (days) (days) 

E. sutural is 6�/ 120 6 17 
l llV 110-13oh/ 4-10.!Y 10-22.!Y 

40-5o!U 14-21.!V 

E. opaca 12 60-80 6 9.6-20.6� 
11.V 300-350.V 7f / 11-12� 
nV 8-20.V 

E. hispilabr is 6-8.�/ 369.U 4-8 10 
11Y 4-6�./ 33.59i/ 

13-79i/ 
15-20Y 

E .  tricostata Unknown 280£/ 5-lOS' 18.45Y 

E .  extricata 11.U 79-96 14 14-17.!V 
367i./ 11. 4m_ij 

E. obsoleta 9 151. 7 6.8 19.9 

E. muricatum 14 76 4 13.4 
79Y 7-9Y 18-20Y 
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Table 2.--Continued. 

Adult 

Preovi-
position No. 

period Total no. eggs/9 
Species (days) eggs per day 

E. sutura l is 26-29.!Y 108 av!!/ 29. 13 
335 rnax!Y 14-20Y 

l0-2od/ 389+Y 5.3Y 
28-42!1 25-4ooi/ 7-8Y 

E. opaca 

E. hispilabris 20-30 Unknown 17.7 
25oij 

E. tricostata Unknown 176 av�:./ 2.0 
3.7E./ 

E. extricata 21 Unknown 3. 47 

E. obsoleta Unknown Unknown 2-4 

E. muricatum 10-14 230+ 5.36 

1/ Data with no citation are results of this study. 
a/ Haverfield (15) 
b/ Matteson (17,18) 
c/ McColloch (19) 
d/ Mccolloch (20) 
e/ Swenk (25) 
I; Swenk ( 26) 
g/ Wade and Boving (28) 
h/ Wade and St. George (29) 
I/ Wakeland (32) 
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Total 
adult 

life (days) 

200-600 

90-100 
60-120Y 
6o-9oi/ 

360 
3001' 
240-4801' 

90-120 
330-390£/ 

60 

60 

90-120 



Tab l e  3. Number of i ns t ars  and a verage head capsule widths of fa l s e  wireworms 
found i n  S outh Dakota. 

Mean head caEsule  width (mm) 

I ns t ar E. sutural i s� E. opaca E. hispi labris E. extricataY E. obsol eta E. muricatum 

1 0.40 0.41 0.40 0.39 O.S8 0.40 

2 .46 .49 .47 .43 .69 . so 

3 .61 .S6 .60 . so .80 .60 

4 .8S .63 .74 .60 .96 .70 

s l .  l S  . 71 .SSE/ . 72 1.16 .80 

N 6 1. S3 .s1E/ 1. 02.!V 1. 38 .92 

7 2.07 .91E/ 1. 21 1.64 1.04 

8 2.73 l . os.!V 1. 44 2.00 1.18 

9 3.23 1. 20 1. 71 2.21 1. 34 

10 3. 71 1. 36 2.10 1. Sl 

11 4.28 1. so 2.4S 1. 71 

12 1.64 2.87 1. 86 

13 3.43 1. 98 

14 2.10 

� Matteson  (17). El C a l cu l at ed means . s Incomp l et e 



Table 4. Seasonal appearance of false wireworm adults in pitfall traps in South Dakota. 

1964-1968. 

Percentage of total beetles of each species trapped 

each 15-day Eeriod 

April May June July August Sept. Oct. 

16-30 1-15 16-31 1-15 16-30 1-15 16-31 1-15 16-31 1-15 16-30 1-15 

Eleodes suturalis 0.4 0.2 2.7 8.3 15.6 20.6 19.6 16.4 6.9 4.1 3.0 2.3 

E. opaca 0 0 0 0.7 4.9 10.6 16.0 18.7 25.8 17.8 5.4 0 -
\.N 

E. hispilabris 0 0 0.8 4.6 4.1 5.0 7.7 12.5 21. 8 20.7 18.3 4.6 

E. tricostata 0 0 .9 3.7 4.6 7.0 23.3 25.2 19.2 12.6 3.3 0.2 

E. extricata 0 0 0 0 0 0 2.1 22.9 34.1 14.6 17.3 8.9 

E. obsoleta 0 0 .4 .2 0.1 0.5 4.2 13.8 26.0 27.2 24.3 3.4 

Emba phion muricatum .1 1. 2 4.1 7.7 13.1 29.3 19.7 9.1 6.4 3.7 4.5 1. 2 



.J:-

Table 5. Seasonal occurrence of eggs, larvae, pupae, and adults of false wireworms. 

Species 

El eodes suturalis 

E. opaca 

E. hispi labri s 

E. tricostata 

E. extricata 

E. obsoleta 

Egg 

Spring-late 
summerY 

July-Oct.� 

Springl/ 
May and June.!Y 
May-Nov._!v' 

July-Oct.Y 

Fall 

Aug. -Oct. 
Aug.-May� 

Larva 

All seasonsY 

Aug. -MayY-

Aug. -June.!Y 

July-JuneY 

June-May,!Y 

May� 

Embaphion muricatum May-June!.Y' June-Apr.!.Y' 

a/ Blumberg ( 4) 
b/ Haverfield (15) 
""§./ Matteson (17,18) 

d/ 
-e; 
!J 

Mccolloch (19) 
McColloch (20) 
McColloch (21) 

g/ 
h/ 
y 

Pupa 

Spring-late 
surnmeri/ 
Spring and 
early summers' 

April and May 
Junee/ 
May-July£/ 

July.!Y 

May-JulyY 

June-July.!Y 

June� 

May!Y 

Adult 

All seasonsY 
June-Sept.!/ 

el May-Oct.-
June-Sept.£/ 

May-Oct. 
June-July!/ 
July-Aug.l/ 
Aug. -June_!Y 

May-Oct. 
June-Nov.Y 

July�/ 
July-Oct. 

May-Oct. 
Aug.-Oct.� 

June-May!!/ 

Overwintering 
stage 

AdultY 
Larvai/ 
10th lnstars' 
Mature larvaK/ 

Larva 
Mature larvae,g/ 

Larvab,k/ 
Adultb,k/ 

Adult� 
Next to last 
ins tar� 

Adult and 
Larvai/ 

Larva 
Egg� 

Adult and 
mature larva!.Y' 

Swenk (26) i/ 
Wade and Boving (21) k/ 
Wade and St. George (29) 

Wakeland (30) 
Wakeland (32) 



Eleodes suturalis 

Complete taxonomic and morphological descriptions of all stages 
of this species were given by Wade and St. George (29). It overwin­
tered as an adult under straw, grass, weeds, and refuse and as a 
mature larva deep in the soil. 

Adults emerged in early spring and laid 14-20 eggs/day in the 
soil throughout the summer and fall. Eggs measured 1.2-1.37 mm X 
0.63-0.77 mm (17). The incubation period in the field was 8-10 days 
but varied according to moisture and temperature regimes. Early 
growth and development were rapid and the larvae passed through several 
instars in a few weeks. Matteson (17) established that 11 instars · 
normally occurred. The larval period from 1st to 10th instar lasted 
40-50 days at 80°F. During the 10th instar, the larvae required 
exposure to temperatures of 40°F for at least 60 days to break an 
obligatory diapause (17, 18). This requirement corresponded to the 
winter period and allowed this species to overwinter. After the 
winter cold period, the larvae resumed feeding for a short period, 
molted once more, constructed earthen cells, and entered the prepupal 
stage which lasted about 6 days. The pupal stage lasted from 10 to 22 
days. 

Upon emergence from the pupal cells, adults were inactive until 
the exoskeleton hardened. Mating occurred 6-7 days after emergence, 
and the first eggs were deposited 20 to 22 days later. An average of 
29 eggs/day were deposited over several weeks. The longevity of 
adults exceeded 2 years in the field but seldom exceeded 1.5 years in 
the laboratory. 

Adults were trapped during each 15-day interval throughout the 
sample periods. Those appearing in late April probably overwintered 
as adults. Young adults, as evidenced by a brighter, deep glossy 
appearance, began appearing in the traps near the end of May. The 
preoviposition period was found to be about 28 days. The first eggs 
from young adults were deposited near the end of June, and oviposition 
continued until September. Larvae from eggs laid by the overwintered 
adults and the earliest eggs deposited by the new generation adults 
reached the 10th instar before September. 

Mature larvae normally did not pose a threat to fall-seeded 
grains because feeding at that stage was insignificant (17, 18). 
Larvae in the 4th-6th instars, which had hatched from eggs deposited 
in August, fed actively and posed the greatest threat to fall-seeded 
grains. They probably did not reach the 10th instar until fall, but 
because of the diapause phenomenon, almost all larvae were in the same 
stage of growth when cold temperatures occurred. The highest number 
of adults was caught during July (the month of harvest); peak oviposi­
tion occurred during August and early September. 

There were usually numerous seeds scattered over the ground 
during harvesting, and these served as food for both adults and newly 
hatched larvae for several weeks. The life history of this species 
was synchronized with the planting dates of winter wheat in such a way 
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that these insects posed a serious threat. They probably did not 
threaten spring-seeded grains because the larvae present in the spring 
were about to pupate. 

Eleodes opaca 

Adults were commonly found in the field from mid-June to mid­
September and reached their greatest abundance in eastern Nebraska 
during late July and about 15 days later in western Nebraska (26). In 
South Dakota, the peak adult emergence occurred during late August. 
Adults lived for 2 to 3 months as determined by mark-and-recapture 
(6), but they occasionally survived as long as 4 months (26). 

Adults began mating 4 to 6 weeks after emergence and oviposition 
commenced a few days later. The oviposition period lasted from 2 to 8 
weeks. The number of eggs each female produced per day during the 
period of egg laying ranged from 2 to 8 and averaged 5.3 (20). The 
total number of eggs laid by each female varied from 25 to 400 but 
averaged about 100. The size of eggs ranged from 1.2 to 1.32 mm X 
0.65 to 0.73 mm. Eggs were deposited from early July to October, but 
primarily during August and September (26). The incubation period 
varied with temperature; eggs deposited in mid-summer hatched in 6-10 
days and those deposited in the fall took up to 19 days to hatch (20). 

Some difficulty was experienced in rearing larvae of E. opaca on 
ground wheat in the absence of soil. Only 5 instars were completed 
under these conditions (Table 3). Additional head capsule measurements 
were made from larvae from the laboratory colony. By using Dyar's Law 
to determine what'instars were missed in our examinations, it appeared 
that this species had 12 instars; instars 6, 7 ,  and 8 were not observed. 
The larvae took from 60 to 80 days to complete development in soil in 
the laboratory. The average time spent in the larval stage under 
field conditions was 318 days (20, 26). However, this included the 
199-day overwintering period. 

Early larval growth was rapid, which allowed partly grown larvae 
to be present during the fall seeding of winter grains. There was a 
period of very slow growth during the 5th stadium. The timing of 
this slower development coincided with the onset of cold temperatures. 
This phenomenon was apparently not an obligatory diapause because the 
species could be reared successfully at constant warm temperatures. 
However, this slow growth stage and cold temperatures occurred simul­
taneously, so a diapause was not necessary to synchronize the develop­
ment of the population. Also, no adults were found before June 1 and 
only a few were present before July 1. Thus, additional larval growth 
occurred in the spring. Larvae have been observed feeding on and 
damaging seeds and seedlings in grain fields in April and May. The 
prepupal stage lasted 7 days. The pupal stage required from 9.6 to 
20.6 days to complete. Pupation began in western Nebraska about mid­
May and pupae were commonly found during May, June, and July (26). 
The timing was about 20-30 days later in west-central South Dakota. 

Because larval feeding occurred in both the fall and the following 
spring, this species posed a threat to both fall- and spring-seeded 
grains. 
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Eleodes hispilabris 

Adu l t s  overwintered a lmos t  ent ire l y  in waste  areas and were often 
found in burrows of sma l l mammal s  (31) . Eggs were dep os it ed s ingly in 
l oos e s oil during l ate  May and early June.  The egg measurements ranged 
from 1. 1 t o  1.32 X 0. 65 t o  0. 75 mm .  The eggs hatched in 9-13 days (15) ; 
however, Wak e l and (31) rep orted that the incubation period averaged 
14. 91 days . 

D ifficul ty was encountered in rearing l arvae in petri dishes on 
ground wheat where the number of mol t s  cou l d  be  detected eas ily. There­
fore,  it became necessary to remove l arvae from s oil periodical l y  t o  
measure head c apsul e s .  The head capsule  width measurements tended t o  
c luster around certain means . When ratios between adjacent means were 
cal cu l ated, the ratios were rel ativ e l y  constant , which were in accor ­
dance with c a l culations pr opos ed by Dyar (11) for detect ion o f  a l l  
l arva l  ins t ars of l ep idopteran l arvae . 

This species  had 13 ins tars . Larvae in rearing c ontainers de­
ve l oped from egg-t o  the 12th ins tar in about 4 months . At that t ime , 
they appeared t o  require a col d  treatment of 2 months s imil ar t o  that 
for E. suturalis. However, occas iona l ly,  when we trans ferred mature 
l arvae to fresh s oil in preparation for p l ac ing them in the cold room, 
a pupa wou l d  be dis c overed, which led to doubts  about an ob l igat ory 
d iapause.  

To determine whether these l arvae had an ob l igatory d iapaus e or 
mere ly a facu l tative one ,  we periodical l y  p laced pans containing about 
200 mature l arvae at 2 7 °C for an addit ional 2 months to determine 
whether a l l  l arvae would  pupate .  About 5% of a l l l arvae entered the 
pupal  s tage without underg oing a cold treatment.  

When l arvae were returned t o  2 7°C after being he l d  at 4°C for 60 
day s ,  they mol ted onc e  more and entered the prepupal s tage which 
l as ted 4- 8 days . The pupal  s tage required 15 to 20 days (15) . Adu l t s  
began l aying eggs 3- 4 weeks after emergence. Init ia l ly,  egg produc tion 
was l ow, but it s oon began t o  increase .  At the peak , the number of 
eggs dep os ited by each femal e  was 17 . 7  per d ay.  The t ot a l  number of 
eggs produced during an average adu l t  l ifet ime was not determined; 
however, femal es appeared t o  cont inue l aying eggs throughout mos t  of 
their l ife. The l ab orat ory l ongevity of b oth laboratory-reared and 
fie l d - col lected adu l t s  was about 1 year. 

Adu l t s  emerging from pupal  ce l l s  in August l ived unt il the fol l ow­
ing year. They began l aying eggs during May and cont inued until 
their death. Larvae that hatched in June fed and deve l oped throughout 
the summer and became nearly  ful l  grown by fal l .  They overwintered as 
l arvae and pupated during July. Thu s ,  two generations overwintered 
s imu l taneous ly,  one in the l arva l s tage and the other in the adu l t  
s tage (15, 30, 31, 32 ) .  

Larvae continued feeding in the fa l l  unt il they reached maturity 
or unt il cold temperatures s t opped a l l act iv ity. If  popul at ions were 
h igh enough, economic damage occurred. Thos e l arvae that had not 
reached maturity in the fal l  cont inued feeding the fol l owing spring 
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and posed a threat t o  crop s  s own in the spring in thos e  fi e ld s .  I n  
t h e  pas t ,  this  species caus ed about 10% l oss  t o  t h e  wheat crop in 
I daho ( 32) . 

Eleodes tricostata 

E ggs depos ited by femal es in the fi e l d  from mid -Ju l y  to mid­
November vari ed in s i ze from 2 .2 t o  2 .9 mm X 1.1 t o  2 .0 mm and so were 
considerab ly l arger than eggs of the other s i x  species.  The average 
production was 3. 7 eggs /fema l e  per day and 176 eggs /fema le  per l i fe­
t ime .  The l argest number of eggs produced by a s ing l e  femal e  in 24 hr .  
was 51. The incubation per i od varied with temperature : 6 t o  11 days 
were required in Jul y  and August ,  and as many as 46 days were needed 
in November. 

C ons iderab l e  troub l e  was experienced in rearing l arvae . None 
l ived for more than a few days on ground wheat , and no l arge l arvae 
were produced in s oi l  in the l ab orat ory. C ons equent ly, no instar 
measurements or t otal number of instars could be determined for this  
speci e s .  

Adu l t s  were first  captured i n  l a t e  May. However,- populat i on 
l eve l s  remained l ow unt i l  l ate July and August. The sudden popu lation 
increase undoubtedly resul ted from the emergence of young adu l t s .  The 
popu l at i on remained re lative l y  high unti l  l ate September when it  
dec l ined quite  drastical ly. The li fe cyc le  of this spec ies resemb l ed 
the l i fe cyc l e of E. opaca except that the l arvae almost reached 
maturity in the fal l  and probab ly did not have a lengthy feeding 
per i od during the fol l owing spring. 

A few adu l t s  overwintered . 
from these overwintered fema l es . 
( 19) . 

However , eggs were never obtained 
Fema l e s  seemed t o  out l i ve ma les  

Because the  l arva l s tage of this  species  was  on ly found int ermi t ­
tent ly in crop l and though i t  w a s  common i n  native gras s l and (19) , it  
was  not expected t o  be a threat t o  wheat crops in  South Dakota. 

Eleodes extricata 

The eggs of E. extricata ranged in s i ze from 0.9 t o  1.4 X 0.6 t o  
0.7 5 mm. A t  29°C ,  incubat i on t ime was 8 days ; at 24°C ,  it was 10 
days . The l arvae did not grow or de ve l op we l l  on ground wheat : they 
were on l y  maintained unt i l  the 5th ins tar. They did quite we l l  in 
s oi l ;  however , the number of instars could  not be determined pre c i s e ly 
becaus e s o  few were avai l ab l e  and becaus e they were s ens i t i ve to 
frequent hand l ing whi ch contributed t o  a high rate of mort al ity. 

Wak e l and ( 32 )  determined that there were 11 instars . In s oi l ,  
l arvae t ook from 7 9  t o  96 days t o  reach the prepupal s tage , and the 
prepupal period was 7 t o  21 days.  Pupae on l y  occurred during June and 
July ( 18 ,  32 ) .  The preovipos i t i on period of new ly emerged adu l t s  was 
21 days. Adu l t s  l aid ab out 31.5 eggs /day for extended periods. 
Adu l t s  c ol l e cted from the  fi e l d  did not l i ve more than 2 months. 
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No adu l ts were captured unt i l  late Jul y . The adu l t  p opul a t i on 
peaked in l ate  Augus t  and dec l ined rap id l y  thereaft er . Adul t s  did not 
appear to overwinter as indi cated by thes e  trap catches . Eggs were 
depos i ted during August and September . Part l y  grown l arvae overwintered 
and resumed growth and feeding the fol l owing spring . 

Since feeding occurred during both the fal l  and spring, this 
species would p os e  a threat t o  fal l  and spring grains i f  popul a t i ons 
were suffi c i ent ly high . 

Eleodes obsoleta 

Adu l t s  l aid about 2 -4 eggs /day for 1 . 5 months . The egg s i ze 
ranged from 1 . 7 t o  2 . 3 X 0.98 t o  1 . 33 mm, and the incubation period 
was 8 days at 24°C .  There was an average of 9 instars ; however, a few 
l arvae pupated after 8 instars and two deve l op ed 10 stadia before 
pupating . The average t ime spent in the  l arva l  stage was  151.7 days . 
The prepupal s tage l as ted 6 . 8 days,  and the pupal s tage last ed 19 . 9  
days . The preovipos it i on peri od was not determined . The adu l t  l i fe 
in the l aborat ory was on ly 2 months . 

Adu l t s  were first found in l ate May in very l ow numbers , and no 
substant ial  increas e  occurred unti l  August . The population reached a 
peak in l ate  Augus t ,  remained high throughout S eptember, and then 
dropped very drastical ly in October . The l ow numbers of adu l t s  in May 
indicated that a very few were able t o  overwinter . Adu l t s  c ol lected 
from the fie ld in August immediat e l y  began t o  l ay eggs when brought t o  
the l ab oratory . Thes e  eggs hatched i n  about 8 days and the young 
l arvae began feed ing immedi ately . 

B lumberg (4) found that the adu l t s  of thi s  insect l ived onl y  from 
early  Augus t  t o  late October . E ggs were l aid  during August ,  S eptember, 
and October and overwintered as such . He hypothesi zed that the l arva l  
s tage began i n  May and ended i n  earl y  June and that the pupae were 
present from June unti l  August in C ol orado.  He obs erved onl y  the 
adu l t  s tage in the fie ld and was not ab l e  to rear the insect succe s s ­
ful ly  i n  t h e  l ab orat ory . Therefore, his  c onclus i ons concerning the 
l ife cyc l e  were on ly based on the s eas onal appearance of the adu l t s  
and t h e  fac t  that l arva l  forms appeared briefly i n  t h e  l ab orat ory at 
the end of May . 

I f  this species  overwintered in the egg s tage (4) , the eggs 
dep os ited throughout August and September wou l d  require a diapause t o  
prevent hatching pri or t o  winter . Thi s  diapause  would be  broken after 
exposure t o  cold  temperatures much l ike the l arval diapause of E. 

suturalis. Thu s ,  this species obvi ous ly does  not have an egg diapause 
in S outh Dakot a . 

Overwint ering occurred in the part ly grown l arva l  s tage . The 
l arva l  period l as ted for about 152 days in the l ab orat ory . During the 
l ife cyc l e  in the fie ld,  part of thi s  active feeding s tage t ook p l ac e  
i n  t h e  fa l l  and t h e  remainder occurred i n  t h e  spring . The pupal  s tage 
occurred during Jul y .  
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Thi s  species had the capab i l ity o f being present and potenti a l l y  
destruct i ve both i n  the fa l l  and i n  the fo l l owing spring . 

Embaphion muricatum 

Wade and Boving ( 2 8) gave comp l ete t axonomic and morphological  
descriptions of each s t age o f E. muri catum. The egg s i ze ranged from 
1 . 1 to 1 . 35 X 0. 60 to 0 . 7 8  mm, and eggs were depos ited during May and 
June in loose s o i l  1/2 - 1 in . deep , somet imes s ingly but more o ften 
in c l us t ers of 2 to 12 . The average period of incubat ion was 10 to 13 
days at temperatures of 70 to 90°F .  

The l ength of the l arva l  stage ranged from 7 6  t o  96 days . In 
the fi e l d ,  many l arvae appeared to become nearly  mature during l at e  
fa l l and overwintered in that form . The semidormant prepupal period 
that occurred in Apri l las ted about 7 to 9 days . The pupal  s tage 
during May required 10 to  2 0  days . 

Adul ts did not mate unt i l  a week or more a fter emergence . The 
a verage rate of ovipos ition was 5 . 36 eggs /fema l e  per day o ver a period 
o f 2 9 . 7 days . Adul t  fema l es were capab l e  of o vipo s i t ing about 160 
eggs during a 4-week period . The longevi ty of adu l t s  was about 12 
months in the fi e l d . 

Adu l t s  were captured during each 15-day interva l  that traps were 
operated but rel ati ve l y  few were trapped excep t  during l at e  June and 
throughout Jul y .  The appearance of beet les  in the fi e l d  ear ly in the 
spring indicated that some adul t s  overwintered . The oviposit ion 
period o f s e vera l weeks and the abs ence o f a diapause mechanism in the 
l arval s tage a l l owed l arvae of s evera l  stadia to o verwinter . Pupat ion 
probab ly occurred in May. 

Larvae were present in both fa l l and spring, but because l arva l  
and adul t  s tages occurred over such a long p eriod, t h e  impact o f the 
popu lat ion was not as great as i f the act i ve ly feeding s tages were a l l 
pres ent during a short period. Thi s  species cou ld be  economi cal ly 
important i f the popu l ation was high during critical  p eriods . 

Distribution 

The dis tribution o f an insect spec ies is an integral part o f its  
eco l ogy and re fl ects  the environmental condit ions necessary for survi v­
al pro vided that dis tribution i s  not l imited by the range o f its  
host s . Thi s  i s  especia l l y  true of species  l ike fa l s e  wireworms that 
have low mob i l i ty .  In  such species , dis tribution in relat ion to 
paedographi c  patterns is  corr e l ated mor e c l osely  to those inhabit ing 
the soi l .  Soi l type di fferences that are important are r e l ated t o  
poros ity, structure, water ho lding capacity, o r  chemi cals  as sociated 
with a particul ar soi l . 

Dis tribution within a sma l l  area ranging from a few s quare mi l es 
to a few s quare inches i s  prob ab l y  more c l osely  re l ated to the micro-
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environmenta l  parameters of the l i fe cyc l e  of the insect . Much of 
thi s  typ e  of di s tri bution i s  re l ated to  topography whi ch in turn 
influences temperature,  soi l moi s ture,  and vegetat ion . A species 
thought to be adapted to a wide range of environmental factors may, in 
fact, be restricted to  microenvironment s  that have r e l a t i ve l y  narrow 
parameters . 

Topographic: The spatial  and topographical  distributions of four 
speci es of fa l s e  wireworms within a winter wheat fie ld  were determined 
by Calkins and Kirk (6) . Eleodes sutural is and E. opaca were both 
found more frequent ly near the tops of kno l l s  but di ffered in their 
dis tri bution on l e ve l  portions of the fie ld . Eleodes opaca was found 
in great e s t  numbers within the fie ld,  E. suturalis s eemed to congregate 
a l ong the field edges . Eleodes tricostata was found on the mids lopes 
of h i l l s and near the borders of the fie l d .  Eleodes obsol eta occup i ed 
both the midd l e  and top portions of s lopes as we l l  as the fie l d  edge . 

Each spec ies appeared to have a different distri bution within 
local i zed areas even though food habi t s ,  l ife cyc les  and l arva l  habi ­
tats were s imi l ar .  This  apparent subdivis ion of the habitat reduced 
the competition for food , space ,  and contact between species . 

Paedographic: Fal se wireworms have been descri bed as inhabitants 
of sandy or sandy loam soi l s . Soi l s  containing high percentages o f  
c l ay were supposedly not suitabl e  for l arva l  deve lopment ( 2 1, 2 7 ,  2 9) . 
Frequent refe rences to thi s  c lose  re l a tionship have resu lted in the 
genera l i zation that these insects woul d  not be of economi c importance 
in heavier soi l s . However, s e veral instances of damage by fal s e  
wireworms i n  regions of c l ay,  s i l t ,  and loam soi l s  in South Dakota 
have cast doubts  on this general i zation . 

In a detai l ed s tudy, Calkins and Kirk ( 9) were a bl e  to a s s e s s  the 
dis tri bution of six species of fal s e  wireworms among the three major 
s oi l types (Tabl e 6) . Eleodes sutural is was found frequent ly in a l l  
three major soi l types but mos t  frequent ly i n  s andy soi l s . Eleodes 

opaca, the mos t  abundant species , was found mos t  fre quent ly in s and 
and c l ay soi l s ,  whi l e  E. tricostata was recovered about e qua l ly in a l l  
soi l types . Eleodes obsoleta was mos t  abundant i n  s andy soi l s  but was 
more a bundant in loam than in c l ay soi l s ;  E. hispilabris and E. muricatum 
were a bundant on ly in s andy soi l s . Thus , certain species were adapted 
to heavi e r  soi l s  an d that the s e  part i cu l ar species were the ones respon­
s i bl e  for damage in heavy c l ay a reas . 

Geographic (South Dakota) : The geographi c  distri bution of the 
s e ven species  of fa l s e wireworms was determined fo r South Dakota by 
persona l co l l ections , from examination of museum specimens and record s ,  
and from information pro vided by former P l ant P e s t  Contro l  Divi s i on 
(now: The Anima l and P l ant Hea l t h  Inspection S ervice ) ,  U . S .  Department 
of Agricul ture . These  data were summari zed by Calkins ( 4a) in the form 
of distribution maps for each species .  

Eleodes suturalis , E .  opaca , and E .  tricostata were more wide ly 
dist ri buted than the  other four species . Eleodes sutural is and E. 

tricostata are about as wide ly di s t r i buted in the subhumid c l imate of 
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Tab l e  6. Percentage of fa l s e  wi rewo rm beet les  crapped 

in c l ay ,  l oam, or s and soi l s  in South Dakota, 1964- 1968 .� 

% o f beet l es �n each t ype of �oi l  

Total  no . 
Species C lay Loam Sand bee t l es 

E. suturalis 24 a 2 7  a 49 b 869 

E. opaca 43 b 19 a 38 b 2690 

E. hispi labris 4 a 47 b 49 b 114 

E. tricostata 19 a 40 a 41 a 2 98 

E. obsoleta 1 a 13 b 86 c 305 

E. muricatum 1 a 47 b 52 b 18 2 

� Numbe rs in the s ame row fo l lowed by the s ame letter are 
not s igni ficant ly di fferent from each other at the 5% l e ve l  
i n  Duncan's mu l t ip l e  range t e s t .  

east e rn South Dakota as i n  t h e  s emiarid area of the western hal f o f 

the state . The o the r species  we re much more common in the dry western 
portion; in fact , E. extricata was found on ly in that area . 

Damage 

Fal s e  wi reworms did the greatest injury during the fa l l ,  when 
rain fa l l was abnorma l ly l ow .  During dry periods , the seeds sometimes 
did not germinate fo r  s e ve ra l  weeks and were thus susc e ptib l e  to 
injury for long periods . During years when sufficient moi sture was 
avai l ab l e  fo r  rapid germination,  l e s s  damage was apparent ( 2 9) . The 
l arvae attacked fa l l  s eeded grain immediately  after pl anting and 
destroyed it be fore ge rmination . A sing l e  l arva working a l ong a dri l l  
row was ab l e  t o  des t roy s e vera l  kerne l s  ( 2 0, 26, 29) . Damage to 
indi vidua l kerne l s  ranged from the ends nibb l ed or the germ eaten to  
the  ent i re seed consumed wi th on ly a thin she l l  remaining . 

Damage often did not end when s eeds germinated but cont inued 
unti l  seed l ings had estab l i shed vigorous root systems . When popula­
tions of l arvae we re ext reme ly high, intensi ve feeding frequen t l y  
damaged young p l ants that were s e ve ral inches ta l l  ( 20, 2 3, 2 9) . 
Damage occurred when l a rvae feeding on the epicotyl cut the p l ants o ff 

jus t  above the seed . 
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Infestations in the fa l l wer e  oft en found s preading from the t o ps 
o f kno l l s ,  thus g i ving the fi elds  a s potted appearance.  Thes e areas 
were usua l ly the dri es t  part s  of the fi elds , and the wheat plant ed 
ther e  was sus c eptib l e  to feeding damage b ecaus e of s low germinat ion 
and higher po pu l at ions of ins ects  ( 6) . 

Adu l t s  have b een obs erved feeding on wheat k ernel s scattered on 
the ground and even doing some injury to wheat h eads in th e "shock". 
N everthel es s ,  the adu l t  s tag e was not regard ed as economica l ly impor ­
t ant . In the pas t ,  however, adu l t s  attrac t ed to shocks ,  s traw pi l es ,  
and accumu l ations of grain, congregat ed t o  feed and remained t o  l ay 
eggs . Tho s e  areas were fr equen t l y  the s i t es o f intens e larva l  damage 
to wheat th e fo l l owing year. 

F i elds that were mos t  s ever ely damaged had on e or s everal things 
in common: ( 1) damage occurred in fi elds in the vi cinity o f straw 
stack s ,  shocks,  or s catt er ed bund l es o f grain; ( 2 )  weedy and trashy 
fi el ds wer e  heavi l y  in fes t ed whi l e  fi elds with few weeds were not 
in fest ed; (3) summer-fa l l owed fi elds where poor weed control was 
maintained harbored larvae that des troyed newly  s eeded wheat ; ( 4) 
wheat plant ed on ground rec ent ly convert ed from pasture sod was s everely 
damaged; ( 5) wheat pl ant ed in fi elds in  which wheat was  des troyed the 
previous y ear was again attacked;  and ( 6) thos e fi el ds in which wheat 
was grown c onsecut i vely for 2 or more years were invariab l y  damaged 
( 14, 16, 2 0, 2 3, 26, 27,  2 9, 32 ) . 

Th e percentage o f l o s s  caus ed by fals e  wi reworms was not eas i ly 
det ermined b ecause the in jury was frequent ly confused with that cau s ed 
by true wireworms , whi t e  grub s ,  fa l l  armyworms , Hess ian fl i es ,  and 
wint er ki l l  ( 2 0) . Oth er workers have report ed that farmers were not 
aware of damage during dry autumns unt i l  l ong aft er damage had o ccurred 
and the ins ects  had vanished .  They frequent ly attribut ed the damage 
to  dry weath er .  

Damage usua l ly occurred i n  l arge bare s pots i n  the fi eld,  but in 
extreme cas es ,  entire fi elds were des troyed . Wh en plants were r emo ved 
in a very discont inuous mann er , however, the reduction in y i el d  was 
not c los el y  correl ated to th e reduction in numbers of plant s  b ecaus e 
surrounding pl ant s  us ed the additional wa t er,  s pace, nutri ents ,  and 
l ight to increase their yields . This was es pecial ly true wh en the 
supply of any one of thes e  i t ems was l imited .  

Therefore, fa l s e  wireworms were economical ly s i gni fi cant wh en 
damage was continuous enough to produce s i gni ficant gaps in the dri l l  
rows . Larvae t ended to feed within dri l l  rows where soi l was more 
porous ,  ther eby remo ving succes s i ve pl ants  and creating such gaps . 

E conomic thresho lds wer e  not eas i ly det ermined . Swenk ( 2 5) ob ­
s erved po pu l at ions of 3- 4 l arvae o f E. opaca per ft of dri l l  row damag­
ing 60% o f the wheat kernel s .  We regul ar l y  obs erved that l es s  than 1 
l arva per ft of dri l l  row was associated with damage in fi elds in South 
Dakota . This probab l y  is th e c los es t  est imate o f an economic thresho l d  
avai l ab l e. B .  H. Kantack, S .  D.  Ext ens ion entomo l ogi s t ,  indicat ed that 
treatment recommendations in South Dakota wer e  not bas ed u pon larva l  
numbers b u t  upon t h e  appearance of damage ( personal communication) . 
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Hosts 
A l though fal s e  wireworms were mos t  often as sociated with damage to  

wheat,  they have a l s o  fed on and damaged oat s ,  corn, rye , mi l l e t ,  a l fa l ­
f a ,  and sorghum ( 29) . In addition, they fed on s eeds of w i l d  gras ses 
and herbs . Because no qual itat i ve hos t range or food preferences have 
been estab lished for fa l s e  wireworms , we s tudi ed the preferences  of 
E. suturalis and E. muricatum for seeds of nat i ve and introduced p l ant s 
and eva luated the potential  danger to new l y  seeded crops ( 5, 7 ) . 

Feeding preference tests  of ent ire s eeds were made in the l abor­
atory with both adu l t s  and l arvae . P l anted s eeds which germinated and 
became seed l ings were e valuated in the greenhouse  for feeding damage by 
l arvae only . 

The percentage of seeds damaged by adu l t s  and l arvae in l abor­
atory tests and by l arvae in greenhouse tests are shown in Tab l e s  7 
and 8 .  When l arvae and adu l t s  of E. suturalis were offered 34 types 
of s eeds, both stages consumed a lmost  a l l the seeds of hul l e s s  bar l e y ,  
hul l es s  oats ,  wheat,  forage sorghum, grain sorghum, sweetc l o ver and 
rye . Embaphion muricatum preferred whea t ,  hul l es s  oats , and rye . 
Seeds of introduced p l ants were more pref erred in l aboratory tests  
than s eeds of nat i ve species . 

Most  of the crops tested were adapted to dryl and conditions . The 
extent of damage to these  crops depended upon the insect population 
pres ent , the moi sture l e ve l  of the soi l ,  and the pre vious year's crop . 
For examp l e ,  corn.and sugarbeets usua l l y  are grown under irrigation in 
dryl and areas . Therefore,  i f  these crops were p l anted in a field that 
had been in sod or sma l l  grain the year before, enough fal se wireworm 
l arvae might be pres ent to cause  damage. 

Control 

Mechanical: Mos t  of the mechanical  contro l of fal s e  wireworms 
invo l ved p l owing to destroy pupae . Deep p l owing in late July and 
August contro l l ed many spec ies in the Pacific Northwest  ( 15) . Late 
fal l  and ear l y  spring p l owing reduced popu l ations of E. muricatum in 
Kansas (27 ) , and p l owing in May destroyed most  pupae of E. opaca ( 2 5) . 
There i s  no mechani cal  control present ly recommended for South Dakota . 

Cultural: The cu l tural contro l s  found mos t  effect i ve for sup ­
pres sion of fa l s e  wireworms con s i sted of summer fal low,  crop ro­
tat ion, and weed control . The greatest injury occurred on l and that 
was p l anted to wheat each year ( 19) . Those fields that had been in 
row crops or were fal l owed the previous year sus tained l it t l e  or no 
damage . 

Summer fal lowing practices  normal ly began about one month after 
har vest .  An imp l ement was used that des troyed weeds by cutt ing the 
root s b e l ow the soi l surface ;  thus the crop s tubb l e  remained to  trap 
b l owing snow during the wint er . Thi s disturbance of the soi l destroyed 
many pupae and l arvae . 
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Tabl e 7 .  P ercentages of s eed of var ious pl ant s  eat en by l ar va e  and 

adult s  o f  E. suturalis and E. muricatum in laboratory t es t s . a 

% s eeds co nsumed by: 

E. suturalis E. muricatum 

P lant s pecies Larvae Adu l t s  Larvae Adu l t s  

Hull es s  bar l eyb 100 95 33 51 

Hul les s oats b 100 96 65 8 5  

Wheat b 99 92 67 7 9  

Forage sorghumb 98 85 35 55 

Grain sorghumb 98 100 40 56 

Sweet c l o ver b 96 64 41 72  

Ryeb 92 7 3  56 8 9  

Rus s ian wil d ryeb 91 3 8 2 9  

S mooth bro rneb 90 14 17 15 

Alfalfab 79  94 30 74 

F l axb 76 93 9 15 

Green foxtail b 7 5  16 45 52 

Corn 71  45 2 1  36 
" 

Harding grass b 61 13 

Oats b 58 7 8  18 6 

Cres t ed wh eatgras s b 53 13 15 9 

Sudangrass b 43 14 11 
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Tab le 7 .  Continued . 

% seeds cons umed b y: 

P lant spec ies 

b 
Barley 

S wit chgras s 

Soybeanb 

Sand lo ve gras s 

S ide- oats grama 

Wes tern wheatgrass  

Big blue stem 

P lantain 

Green need legras s 

Kentucky b luegrassb 

Johnsongras sb 

Sand b luestem 

S ugarbeet 

Yellow foxtail b 

L ittle bluestem 

Goat's -b eard 

Ind iangras s  

aBased upon 1 5  t e s t s .  

b Jntroduced spec ies . 

E. sutural is 

Lar vae 

41 

38 

36 

2 8  

2 7  

2 3  

19 

19 

18 

17 

14 

8 

8 

6 

4 

2 

0 

Adult s 

49 

7 

9 

14 

0 

1 

34 

8 0  

16 

2 

0 

3 

14 

7 

3 

0 
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E. muricatum 

Larvae 

11 

7 

1 

24 

2 0  

3 

5 

5 

18 

4 

3 

0 

3 

3 

0 

Adults 

8 

4 

2 

67 

11 

1 

7 

3 

2 0  

10 

1 

3 

4 

9 
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Tabl e 8 .  Perc entage of p l ants damaged by l a rvae of E. 

suturalis and E. muricatum in g reenh ouse testsa. 

% loss  of s eed s 

and s eed l ings 

C rop spec ies E. sutural is E. muricatum 

Sugar beet 100 . 0 

Hul l es s  oats 95 . 9  

Forage s orghum 94 . 9  

Grain s orghum 93 . 2  

Hu l l es s  ba rl ey 8 3 . 5 

Wheat 7 1 . 6 50 . 0  

Rye 70 . 7 67 . 2  

Flax 64. 1  

Barl ey 57 . 2  24. 1 

Oats 54 . 5  20 . 4  

C orn 39 . 2  

S oybeans 26. 4  21 . 3 

aBas ed upon 3 tests each with 6 rep l ications . 

During the spring the s tu bble was turned under, usua l ly with a 1-
way disc . Thi s  p ractice destroyed a l arge proportion o f the remaining 
pupae and l a rvae at a time when mos t  of the species were pupating and 
the pupal  s tages were very suscep t i bl e  to s oi l  disturbance .  During 
the summer, the surface of these fi e lds was kept free o f any vegetation . 
This  e l iminated fo od fo r l ar vae and shel ter for adu l t s .  The fre quent 
soi l dis turbance a l s o  destroyed any pupae p resent in pupal  c e l l s .  

Systemati c  rot ations i n  Kan�as with such crops a s  s weet sorghum , 
kafir, mi l o ,  and (under c e rtain c onditi ons ) corn , reduced populations 
be l o w  e c onomic l e vel s . A system of rotation o f wheat for 2 years , 
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sorghum for 1 year, and summer fa l low for 1 year for west ern Kansas 
reduced fa l s e  wireworm injury and increased yie lds ( 10 ,  19) . 

During summer months ,  l arge numbers o f adu l ts were found under 
Russ i an thi s t l e s  and in c lumps o f vo lunteer grain and weeds in the 
fie l ds as we l l  as near the edges o f fi e lds ( 19, 26, 2 8 ,  29, 32 ) . 

E l imination o f these shel tered s i tuations by summer fa l l owing and 
by good weed contro l practices reduced both adu l t s  and l arvae around 
ind i vidual  fie lds . Summer fa l l owing not only contro l l ed weeds but 
reduced roots  and rott ing vegetation ,  thus e l iminating l arva l  food. 
Frequent soi l  dis turbances during this operation a l s o  destroyed e ggs , 
young l arvae , and pupae . 

Summer fa l lowing was not e ffe c t i ve in contro l l ing E. hispilabris 

in I daho because the adu l ts mo ved from weedy hibernati on s ites to l ay 
e ggs in c l e an summer- fa l l owed fi e lds . E l imination o f weeds a l ong 
fi e l d  edge s  and in was t e  p l aces  resulted in good control ,  howe ver 
( 32 ) . 

Winter wheat s eeded in August and September in Nebraska sustained 
very heavy damage by E. opaca . S ince larva l  act i vity ended in October, 
recommendations were made to de l ay seeding unti l  mid-Octob er . There 
was a reduction in y i e l d  due to such l ate s eeding; howe ver , the loss  
to fa l s e  wireworm larvae in wheat sown ear l ier exceeded thi s  reduction 
in yie l d .  Ear l y  s eeded spring wheat was damaged by l arvae that resumed 
feeding in March and Apri l .  I f spring p l anting was de l ayed unt i l  May, 
the s eeds es caped such l arva l  damage . Late spring s eeding, howe ver, 
also resul ted in a reduct i on in yield.  

A farmer in Haakon County , South Dakota,  having sustained about 
60% damage to winter wheat in the fa l l ,  heavi ly s eeded spring wheat in 
the damaged areas in Apri l  and had a satis factory y i e l d  in spite o f 

the cont inued presence o f E. opaca l ar vae . 

Chemical : Because recommendat ions for chemical  control o f insects 
change ,  the local county agricul tura l Extens ion agent should be cons u l ­
t e d  for current recommendations . 

P arasitoi ds 
A major paras itoid o f fa l s e  wireworm adu l t s  was  Peri li tus el eodis 

Viereck ( 18 ,  19, 20 ,  2 2 ,  2 6, 2 9) . Thi s  parasitoid attacked a l l o f the 
species o f fa l s e  wireworms found in South Dakota ( 18 ) , though the 
inc idence o f paras itism rarely  exceeded 10% . 

A sarcophaged fly,  Sarcophaga el eodis Aldr i ch ,  infected E .  suturalis , 
E. opaca, E .  hi spil abri s ,  E. tricostata , and E .  obsoleta ( 1, 2 ,  26) . 

Three tachinid paras ites  that a l s o  attacked Eleodes sp . were 
Eleodiphaga caffreyi Wal ton,  E. pol limosa Wal ton, and Biomyia el eodivora 

Wal ton . Nothing is known of their l i fe cyc l e s ,  however ( 33) . 
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P red ators 
False  wireworm adu l t s  appeared to be a lmos t  immune from predat i on 

because of de fens i ve s ecretions which repe l l ed both arthropod and 
vertebrate predator s .  Mamma l i an predators inc l uded mice and skunks 
( 1 9, 2 9) . Curious ly,  the gras shopper mouse (Ohychomys sp. ) was ab l e  
to avoid the de fens i ve s ecretions o f adu l t s  ( 1 2 ) . Eggs , l arvae,  and 
pupae were vulnerab l e  to a number of predators but s ince thes e  s tages 
occurred b e l ow the soi l surface,  they were afforded some measure o f 

protection. 

Of the arthropod predators , 
seemed to b e  the most important.  
ground beet les  occurred in wheat 
and mos t  voracious were Calasoma 

elongatus Le Conte ,  and Harpolas 

ground beet l e  l arvae and adu l ts 
Severa l species of l arge carab ids or 

fi e l ds in South Dakota. The l arger 
cal idum F . , c. obsoletum Say,  Pasimachus 

cal iginosus F .  ( 2 9) . 

The only c lose predator-prey association identi fi ed invo l ved P. 

elongatus and s e veral spec ies of fa l s e  wireworms ( 8 ) . Both adu l ts and 
l arvae fed on Eleodes larvae,  and the spatial  and tempora l dis tribut ion 
of the predator corresponded very c l os e l y  to that of E. suturali s  and 
E. opaca , whi ch indicated that it undoubted ly was a maj or predator o f 
fa l s e  wireworms . 

The fo l lowing birds were identi fi ed as predators of fa l s e  wireworms 
by the former Bureau o f Biological  Survey, U. S.  D epartment o f Agricul ­
ture : crow, hairy woodpecker, sparrow hawk, road - runner, red-headed 
woodpecker, s age thrasher , mockingb ird, magp i e ,  purp l e  grack l e ,  meadow­
l ark, Arkansas king b ird , ye l l ow -headed b l ackb ird, loggerhead shrike,  
up l and p lover, mal l ard, ba ldpate,  burrowing owl ,  northern shrike , and 
Brewer ' s  b lackbird ( 2 9) . We obs erved l ark bunt ings , western meadow l ark s ,  
horned lark s ,  and dicks i s s e l s  feeding i n  fi e l d s  heavi ly in fested with 
fa l s e  wireworm l arvae. 

Diseases 
Bacteria : Reddish brown spots that appeared in the cut i c l e  o f 

1,arvae o f E. suturali s  were described ( 18 ,  26, 2 9) . These  gradual ly 
en l arged, and usua l l y  resul t ed in death of the insect.  This  di s ease  
appeared to be contagious ( 26) . 

We observed s imi l ar spots on s e vera l l arvae o f E. suturali s  in 
the l aboratory. H. C .  Schroeder, former graduate s tudent , SDSU, 
iso l ated, cul tured, and identi fi ed the disease  organism as Serratia 
marcescens Bizio,  an organ i sm that has been imp l icated as a disease of 

s e vera l other ins ects .  Ear l y  stages o f the disease were o ften noted 
in fi e l d - co l lected larvae o f E. opaca. 

Fungi·: Two fungi , Sporonichum globuli ferum Speg. and Metarrhi zi um 

anisopl iae (Metschnkoff) Sarok ia,  have been imp l i cated as caus ing 
disease  ( 2 0 ,  2 9) . 
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Gregarines: A proto zoan ,  ident i fi ed as Stylocephalus sp. , be l ong­
ing to  the sub c l as s  Gregarinidae , was found in festing the midgut o f E. 

suturalis larvae in the l aboratory and adu l t s  in the fie l d .  A species 
i s o l ated from an unident i fied Eleodes beet l e  was described by E l l i s  
( 13) a s  s .  giganteualles. McCo l l och ( 19, 2 0) reported that this 
species  also infected E. tricostata and E. opaca. 

The l i fe cyc l e  of species o f gregarines in the suborder Eugre ­
garinina o f whi ch Stylocephalus is a member was described ( 2 4) . 

To determine how pre va l ent gregarine in fect ions of fi e l d  popula­
t ions of fa l s e  wireworms were throughout the summer in South Dakota,  
periodic examinations of the midgut of randomly s e l ected E. suturalis 

and E. opaca beet l es were made in 1967 and 1968 . 

The inc idence o f gregarine infection from fi e l d - co l l ected E. 

suturalis is shown in Tab l e  9. Examinat ions covered on ly about a 40-
day period in 1967 . Cys ts  were recorded from 6 of 8 adu l t s  that were 
infected on July 8 .  The tropho zoites and sporont s were found in very 
l arge numbers and were o f a l l s i zes . Two gametocysts  were a l s o  found 
in the feces o f the adu l t s .  Beet l es co l lected o n  other dates that 
year harbored no cyst s  and only low numbers of the free- l i ving forms . 
In 1968 , cyst s  were found in adu l t s  co l l ected from the fi e ld on June 
12 and 19 and on July 20. During the SO-day co l l ection period , tropo­
zoites and sporont s were found in l arge numbers on each co l l ection 
date except July 3. 

The inc idence o f in fection o f E. opaca adu l t s  i s  shown in Tab l e  
10 . The period of examinat ion in 1967 extended over 5 8  days . Tropho ­
z o i t e s  and sporonts were pres ent i n  l arge numbers for each co l l ect ion 
date, and cyst s  were observed in co l le ctions made on July 13, Augus t  
9 ,  and September 8.  The incidence and l e ve l s  of infect ion i n  1968 
were l ow; however, the period of examination covered only 23 days . 
Cys ts  were not observed, and tropho zoites and sporonts were found in 
very l ow numbers . 

There did not appear to be a steady increase in incidence o f 

infection o f either species  as the summer progressed . In grasshoppers , 
the incidence o f infect ion of gregarines characteris t i cal l y  increased 
later in the summer and fa l l  (24) . Howe ver, the l i fe cyc l e  o f grass­
hoppers was  usua l l y  comp l eted from egg  to adu l t  in  one growing s eason . 

I n  contrast , both E. sutural i s  and E. opaca overwint ered as 
l arvae . Because cons iderab l e  l arva l  feeding occurred in the fa l l ,  
gregarines were probab ly ingested i n  the ta l l and carried through the 
winter within the a l imentary tract.  The newly emerged adu l t s  would be  
expected to harbor l arge numbers o f these  organisms that were ingested 
when they were l arvae. There fore, one wou ld not expect a gradua l 
increase in gregarine incidence in the adu l t  s tage through the growing 
season. 

Mos t  o f the true gregarines inhabiting the a l imentary tract o f 

ins ects b e l ong to the tribe Cephal ina (24) . The se  "gut" gregarines 
usua l ly are not capab l e  of caus ing harm to their host s  because t i s sue 
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Tab l e  9.  Inc idence o f gre g arine in fect ion from fi e l d -

co l l ected E .  sutural i s  adul t s , 1967 and 1968 . 

No. % St ages o f deve l opment 

D ate  examined in fection Tropho zoi te Cyst 

1967 

Jul y 12 25  Few ( 1- 10) None 

July 8 13 54 Several ( 11- 1000) Few 

Jul y 14 11 36 Few None 

July 2 7  10 2 0  F ew None 

Aug ust 9 3 66 Few None 

1968 

June 12 10 80 Several Few 

June 19 s 60 Sever al Few 

J une 28 7 2 9  Several None 

Jul y 3 6 33 Few None 

July 12 8 13 Several None 

July 2 0  7 57 Several Few 

Jul y 26 5 2 0  Sever al None 

July 31 3 66 Several None 

d amage c aused by the att achment of tropho zoites to  the gut w al l  i s  
compens ated for b y  normal regenerat ion o f t h e  g ut epithe l ium . Real 
d am age i s  c aused only by those species t h at in fect and destroy cyto­
p l asm of the hos t  t i s sue ( 34) . 

Very l it t l e  w as known about C ephal ina phys io logy and e ven l e s s  
w as known abo ut the biological re l at ionships between them and their 
hos t s .  Mos t  workers cons idered them to  be  p ar as i tes  that are we l l  
t o l er ated by their hos t s .  Howe ver , they do destroy ep ithe l i al ce l l s  
and co�ld h ave a we akening e ffect on the host t h at cou l d  decreas e  
gener al act i vi ty and reproduc t i ve powers ( 24) . In the fie ld,  where 
l ar vae are sub j ected to fluctuat ing t emperature and moi s t ure regimes , 
thes e  gre g ar ines m ay be a factor in growth or survi val . 
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Tab l e  10. I nc idenc e  o f  gregar ine infec t ions from fie ld-col l ected 

E. opaca adu l t s , 1967 and 1968 . 

No . 90 Stages of deve l oEment 

Date e xamined infec t io n  Tropho zo ite Cyst 

1967 

July 13 15 60 Severa l ( 11- 1000) Few ( 1- 10) 

Ju l y  2 7  14 2 9  Severa l  None 

August  9 15 93 Several F ew 

August  25  11 64 Several None 

Sept . 8 8 88  Several Few 

1968 

June 19 6 0 

Ju ne 28  5 0 

July 3 8 63 Few None 

Ju l y  12 2 0  15 Few No ne 
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Di scussion and Conc lusions 

The l aboratory and fi e l d  l i fe history data ,  when comb ined and 
interpreted , reveal  which species of fa l s e  wireworms are best  adapted 
for damaging various crops . The ir dis tributi on in r e l at i on to fi e l d  
edge and topography g i ves  insight into where loca l i zed damage wou l d  
occur and what species  wou l d  be  invo l ved . The distribut ion in r e l at ion 
to soi l type a l l ows one to predict whi ch species might be  importan t  in 
various portions o f the s tate . 

Eleodes suturali s  occurred in the act i ve feeding s t age at on ly 
one period that was critical  for sma l l grain production - - during the 
fa l l when winter grains were sown . There appeared to  be no danger to  
spring s eeded grains . Crops such as grain sorghum and corn , which are 
s eeded l ater in the spring , may be sus ceptib l e  to  the next generat ion 
o f l arvae ari s ing from overwintered adu l t s . This  species cou l d  be  
important in mos t  semi - arid port ions o f the  s tate regard l e s s  o f soi l 
type . 

Eleodes opaca larvae fed act i ve l y  in both fa l l and spring and are 
potenti a l  threat s  to  grain p l anted at e i ther t ime . They o ccurred 
quite abundantly on both c l ay and s andy soi l whi ch compris ed mos t  of 

the winter wheat b e l t  in South Dakota . Thi s  species probab ly i s  the 
mos t  economical ly important fa l s e  wireworm in the state because of 

its  abundance and occurrence in a l l  soi l s  and i t s  pres ence during 
critical  periods . 

Eleodes hispilabris occurred primar i l y  on s andy soi l s  and s eemed 
to be  a threat on ly to fa l l - seeded grains . High populations were 
never found in South Dakota during thi s  s tudy . Economic popu l at ions 
have been reported in I daho and east ern Washington and onl y  mentioned 
in pass ing by workers in the Great P l ains s t at es . The c l imat ic condi­
t ions or the  cropping s e quences may have b een detrimenta l  to the  l i fe 
cyc l e  o f this species . 

Eleodes tricostata was found to inhabi t  gras s l ands more abundan t l y  
than grain fie lds and occurred in more humid areas than other speci e s . 
Larva l  feeding may be con fined to the roots  o f gras ses  ( 19) . To 
c las s i fy the potent i a l  o f this  species  as a crop p es t ,  a detai l ed 
s tudy o f its  food habits  shou l d  be conducted . 

Eleodes extricata and E. obsoleta were found a lmos t  exc lus i ve ly 
on s andy s oi l s , and act i ve ly feeding l arvae were found during both the 
fa l l and the spring , thus making these species threats to  fa l l  and 
spring- seeded grains . A lthough E. obsoleta was cap tured more frequen t l y  
than E .  extricata , i t  ne ver occurred in l arge enough numbers to  attract 
atten tion in the past or during thi s  s tudy . Thus , the condition s  
necessary to cause economic prob l ems have n o t  been identi fi ed for 
either species . 

A l l  s tages of E. muricatum were pres ent throughout mos t  o f the 
growing s eason , primar i ly on l oam and s andy soi l s . The impact o f the 
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p opulation was not as s e vere because not a l l ins ects were in act i ve 
feeding s tages s imul taneous ly . Mos t  grain crops were susceptib l e  to 
attack , and when populat ions are high enough , economic damage cou ld  
occur during any part  o f the  growing s eason . 

F a l s e  wireworms normal ly occur in low numbers in almost  a l l  wheat 
fi e lds in wes tern South Dakota . These populations are probab ly kept l ow 
by the practice  of summer fa l l owing whi ch remo ves food material and 
mechanical ly  destroys certain s tages o f these inse cts . Al though each 
species  has one generation p er year , the fecundi ty is h i gh enough s o  
that , under proper conditions , t h e  popul ation cou l d  increas e dramat i ­
cal ly i n  one o r  two generations . I f wheat was grown for 2 o r  more 
consecuti ve years , s erious bui ld-ups o f fa l s e  wireworms could  occur. 

Several conditions wou l d  encourage farmers to grow wheat cont inu­
ous l y .  Higher yields  coul d  resu l t  from ( 1) drought res i s t ant wheat 
varieties that would produce high yie l ds with l e s s  rain fa l l than current 
varieties , and ( 2 )  occurrence of rain in early fa l l which wou l d  indicate 
to farmers that there was sufficient moi sture to estab l i sh a s t and and 
that the normal spring rains would carry the crop through to harve s t .  
Seeding i n  s tubb l e  may a l s o  be a technique whereby a farmer might gamb l e  
that enough snow wi l l  be  trapped so  that moisture would be suffi c i ent to  
create good yields . In addition ,  other factors influencing cont inuous 
wheat wou ld inc lude: ( 1) l and prices and taxes high enough to convince 
farmers that they cou ld  not afford to l et their l and l ie idle every 
o ther year; ( 2 )  the price  of wheat increas ing to the point that even a 
nominal yield  would be pro fi t ab l e  to har vest , and ( 3) re l axation of 

wheat acreage a l l otments . These  factors wou ld probab l y  work in comb in­
ation . The primary factor that farmers wou l d  use to determine whether 
it  was practical  to p l ant wheat cont inuous ly in a fi e l d  would be avai l ­
ab l e  moi s ture . The other factors would ei ther l ower the minimum moi s ­
ture thresho ld o r  would determine how wi l l ingly a grower wou l d  gamb l e  on 
the outcome . 

There is evidence that some farmers are now beginning to grow wheat 
cont inuous ly near Quinn and E lm Springs , South Dakota (P . A. Jones ,  
former ly survey entomo l ogi s t , SDSU , p ersona l communication) . Apparent l y ,  
by app lying l iquid nitrogen and s eeding i n  t h e  stubb l e ,  y i e l d s  were on ly 
reduced by 2 0% . Because the price of wheat had risen so sharp ly in 
1973, even low yields  of wheat became pro fitab l e  to  harvest . High 
prices wi l l  probab ly encourage sti l l  more farmers to grow wheat for 
cons ecut i ve years in the s ame fi e lds . 

When wheat is sown in the fa l l and sufficient moi sture is a vai l ­
ab l e ,  germination occurs qui t e  rap id l y . E ven though moderate popu l a ­
t ions of fa l s e  wireworms might be pres ent , mos t of t h e  wheat wou ld 
escape damage . I f wheat was sown in the s ame fi e l d  the fo l l owing year , 
the ins ect popul ation l e ve l  would probab ly be higher because  o f hi gher 
l arva l  survi va l , and even though sufficient moi s ture might be a vai lab l e  
for rapid germination , s ome damage would probab ly occur . 

More importantly,  the populations wou l d  increas e each year that 
wheat was grown cont inuous ly unt i l  an economic thresho ld  would be 



reached . That thresho ld  woul d  depend both on the popul a tion l e ve l  and 
on the amount of moi sture avai l ab l e  at s eeding t ime . The amount o f  
a vai l ab l e  moi s ture ,  i f  l imited, wou l d  d i rect l y  affect t h e  speed o f  
germination and would determine t h e  l ength o f  t ime t h e  p l ant would 
remain in the  susceptib l e  s eed and young s eedl ing s t age . 

The poss ibi l ity of fa l s e  wireworms becoming economical ly  impo rt ant 
aft e r  mo re than 40 years is not just id l e  specu l at ion . B. H. Kantack 
and P .  A. Jones  (personal communicat ion) reported that ove r  5, 000 ac res  
of wheat were destroyed by fa l s e  wireworms in east e rn Penn ington County 
in 197 3 .  During the  p re vious 10  years ,  the  on ly fal s e  wirewo rm damage 
in South Dakota was reported by the authors . Usua l ly these widely 
s cattered infestations were discovered in the  cours e  of conducting this  
study . It  is  int e re s t ing that the w idespread damage by these insects  is 
occurring in the s ame genera l  area whe re wheat is being grown cont inu­
ous ly . As this practice  spreads , the insect p rob l em wil l p robab ly a l s o  
increase . In the not too distant future , fa l s e  wirewo rms may again be a 
l imiting factor in the growth of dry l and wheat on the Great P l ains . 
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