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Because the damaging larval stages of billbugs cannot be identified to species, the seasonal population
dynamics of the most common billbug pests remains largely unresolved. Research at Purdue University
is exploring the potential for exploiting the unique properties of the nuclear ribosomal DNA multigene fam-
ily (nrDNA) to identify species-specific molecular markers that could be used in diagnostic assays for sev-
eral of the most common billbug species associated with turfgrass environments.

http://usgatero.msu.edu


PURPOSE

The purpose of USGA Turfgrass and Environmental Research Online is to effectively communicate the results of
research projects funded under USGA’s Turfgrass and Environmental Research Program to all who can benefit
from such knowledge.  Since 1983, the USGA has funded more than 400 projects at a cost of $31 million. The pri-
vate, non-profit research program provides funding opportunities to university faculty interested in working on envi-
ronmental and turf management problems affecting golf courses.  The outstanding playing conditions of today’s
golf courses are a direct result of using science to benefit golf.                  
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Billbugs are increasingly being recognized as

a serious threat to managed turfgrass across North

America. The larvae of this group of insects (the

billbug species complex) cause damage by feed-

ing on or inside the stems, crowns, roots, stolons,

and rhizomes of cool- and warm-season turfgrass-

es. The continuously expanding ranges of several

billbug species, possibly driven by increasing

interstate movement of turfgrass sod or changes in

climatic conditions, have resulted in novel species

interactions and a nation-wide collage of billbug

species assemblages that has made satisfactory

management difficult to achieve in many regions.

Unfortunately, most of our current knowledge

about billbug biology is based on a relatively

small number of scattered studies that provide

essential biological information about a few

species, but an incomplete picture of the life

cycles of these insects (3, 4, 5). 

Developing a DNA-Based Larval 

Identification Tool for Billbugs
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SUMMARY

Billbugs pose a serious threat to managed turfgrass

across North America. With the continuously expanding

ranges of several species resulting in novel species interac-

tions and a nation-wide collage of billbug species assem-

blages, satisfactory management has been difficult to

achieve in many regions. Because the damaging larval

stages of these insects cannot be identified to species, the

seasonal population dynamics of many of the most com-

mon billbug pests remains largely unresolved. This project

aimed to explore the potential for exploiting the unique

properties of the nuclear ribosomal DNA multigene family

(nrDNA) to identify species-specific molecular markers

that can be used in diagnostic assays for several of the most

common billbug species associated with turfgrass environ-

ments. Results to date include:

Two nrDNA internal transcribed spacer regions (ITS1

and ITS2) were selected as the focus of efforts to differen-

tiate 6 common billbug species (Sphenophorus venatus, S.
parvulus, S. minimus, S. inaequalis, S .cicatristriatus, and

S. phoenesiensis) associated with managed turfgrass.

ITS1 and ITS2 each provided adequate variation in size

and nucleotide sequence to allow for complete differentia-

tion of the species examined based on either nrDNA region.

Using these sequences, it should be possible to design

specific primers that will facilitate identification of the oth-

erwise indistinguishable larval stage of these insects based

on only a single nrDNA region (ITS1 or ITS2).

These findings could greatly facilitate the collection of

baseline information on billbug seasonal ecology that is

needed in order to formulate and improve management

strategies and clarify new management opportunities.
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Several hundred billbug adult and larval specimens were
collected from Indiana and Idaho using linear pitfall traps
(shown above).
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With few exceptions (1), information

about larval population dynamics is almost com-

pletely lacking. Because the damaging larval

stages of these insects cannot be identified to

species, the seasonal population dynamics of our

most common billbug pests remains largely unre-

solved. As a result, researchers, extension profes-

sionals, and turfgrass managers have little scien-

tific foundation on which to establish or refine

management programs.

In recognizing these facts, a long-term

project to better understand the seasonal ecology

of the billbug species complex associated with

turfgrass in North America has been initiated. In

working toward this goal, we set out to develop a

DNA-based billbug larval identification tool that

could be employed in this endeavor. The develop-

ment of such a tool could greatly facilitate the col-

lection of baseline information on billbug season-

al ecology that is needed in order to formulate and

improve management strategies and clarify new

management opportunities— especially in areas

where multiple species are present.  

Current Knowledge of Billbug Ecology

More than 60 native billbug species exist

in the United States (8), with 25 species occurring

in Florida (7) and at least 9 species attacking turf-

grass in the contiguous United States (12). In New

Jersey, four billbug species (Sphenophorus inae-
qualis, S. minimus, S. parvulus, and S. venatus)

may occur in roughly equal numbers (5) in turf-

grass environments, whereas at least four species

(S. parvulus Gyllenhal, S. minimus Hart, S. vena-
tus (Say), and S. inaequalis (Say)) are known to

co-exist in the Midwest.  

Unfortunately, the seasonal population

dynamics of most billbug species associated with

turfgrass are poorly understood and regional cli-

matic differences can lead to a high degree of vari-

ability in the seasonal activity patterns of even the

most widely studied species. Furthermore, most of

what is known about billbug seasonal ecology is

generalized from reported observations of only

two species (S. parvulus and S. venatus) (3, 4, 10). 

According to the reported literature, the

number of generations per year may range from

one to as many as six with overwintering popula-

tions being comprised primarily of adults or adults

and larvae depending on latitude and location (3,

4, 5). Both adults and larvae may feed on turfgrass

plants and although damage from larval feeding

has been well documented, recent evidence indi-

cates that S. venatus adults may also be capable of

causing significant damage in warm-season grass-

es (1). Novel interactions among billbug species

occurring in mixed populations could have

unknown effects on billbug seasonal ecology.

Because proper timing and targeting of insecticide

applications depends heavily on a sound under-

standing of the seasonal ecology of the target

insect(s), turfgrass professionals have increasing-

ly struggled to manage this growing pest complex.

Current Status of Billbug Management

Although cultural tools, including the use

of resistant plant varieties, provide alternatives to

chemical management of billbugs in some situa-

tions, agronomic, ecological, and site-specific use

requirements that exclude the use of these grasses

(e.g., endophyte-enhanced perennial ryegrass and

tall fescue) may dictate the use of chemical inter-

vention as the only viable billbug management

option. In this regard, three general management

strategies can be found in the extension literature:

1) adult preventive, 2) larval preventive, and 3)

larval curative. 

The adult preventive strategy relies on the

contact or oral activity of insecticides to reduce

adult populations and break the reproductive

cycle. This strategy relies on accurately timing

insecticide applications to kill adults before sig-

nificant numbers of eggs are deposited. When sys-

temic insecticides such as neonicotinyls are used

to target adults, accurate timing may be somewhat

less critical because these insecticides are thought

to possess some degree of activity against larvae

feeding on or inside plant tissue.

When neonicotinyl or diamide insecticides

are used as part of an adult preventive approach,

this approach overlaps and becomes more or less

indistinguishable from the larval preventive
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approach. The larval preventive approach relies

on the use of such extended residual, systemic

insecticides to reduce larval populations before

visible damage occurs. As such, proper applica-

tion timing depends on the time required for the

plant to acquire biologically active levels of the

insecticide after it is applied, and how long the

material maintains appropriate levels of systemic

activity. Naturally, this time period may vary with

environmental conditions and the chemical prop-

erties of the specific compound used.

The last and least common chemical man-

agement strategy employed against billbugs is the

larval curative strategy.  This strategy typically

requires the use of soil insecticides such as car-

baryl, trichlorfon, or faster acting neonicotnyls

(thiamethoxam or chlothianidin) to reduce larval

populations once damage becomes visible.

Effective management can be difficult to achieve

using this approach because the application win-

dow, the time between diagnosis of damage and

pupation (pupae are not susceptible to most insec-

ticides), is significantly reduced.  Furthermore,

damage may be difficult to reverse at this time.

Although these three strategies can be

effective against billbug populations composed

primarily of one dominant species, their adapt-

ability for situations where mixed species coexist

or multiple and overlapping generations of one or

a few key species occur is not clear.  Difficulties

experienced by professional turfgrass managers in

reducing mixed populations to acceptable levels

implies that strategies based on our current under-

standing of billbug seasonal ecology are not ade-

quate. A better understanding of the seasonal ecol-

ogy of these mixed populations could provide the

insight necessary to significantly improve man-

agement strategies, increase efficiency, and

reduce insecticide inputs.

A New Approach for Studying Billbug

Population Dynamics

Clearly, the problems associated with bill-

bug management require an innovative approach

to enhance our understanding of the population

dynamics of these insects and improve manage-

ment programs. Although trapping and monitor-

ing of adult populations can be used to determine

the species composition of a billbug complex, a

much better understanding of larval population

dynamics will be required to identify how differ-

ent co-occuring species may contribute to damage

over the course of a season. In doing so, new and

more efficient management opportunities may be

forthcoming.

The tandemly arrayed nuclear ribosomal

RNA multigene family (nrDNA) is a common tar-

get of efforts to differentiate closely related

species because of useful features of its sequence

organization and evolution. Portions of the

nrDNA coding sequences are highly conserved

even between distantly related species, allowing

the application of ‘universal’ primers for amplifi-

cation from any species. The non-coding nrDNA

spacer sequences, however, can be highly variable

in length and sequence even among closely relat-

ed species. Concerted evolution acting on nrDNA

arrays maintains sequence homogeneity within

species as it drives differentiation between

species, a pattern that explains the utility of

nrDNA for species-diagnostic assays. 

Ribsomoal DNA-based PCR assays have

been developed for many species complexes,

including the Anopheles gambiae complex, the

Anopheles funestus complex, the Rhodnius
species complex and numerous other species com-

plexes both within and outside of the Class Insecta

(2, 6, 9). It may also be possible to exploit the

characteristics of certain nrDNA arrays in order to

develop a genetic fingerprinting technique for dif-

ferentiating billbug species, making accurate

identification of billbug larvae a realistic possibil-

ity for researchers and managers alike. 

The long-term goal of this research is to

understand the seasonal ecology of the billbug

species complex associated with managed turf-

grass in North America. In working toward this

goal, this project aimed to exploit the properties of

the nrDNA multigene family to identify species-

specific markers that could be used to develop

diagnostic assays for a major portion of the bill-

bug species complex associated with turfgrass

environments. Once identified, these unique DNA
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markers could provide the basis for development

of a simple and dependable diagnostic tool that

could be compatible with a multiplex PCR reac-

tion using species-specific primers (Figure 1).

This technology could be readily accessed by

superintendents, consultants, and researchers who

require proper diagnosis of billbug infestations in

order to prescribe, and improve management pro-

grams. Development of such a diagnostic tool

could vastly improve our ability to answer basic

questions about billbug seasonal ecology and pop-

ulation dynamics.

Experimental Procedures

Several hundred billbug adult and larval

specimens were collected from Indiana and Idaho

4

Figure 1. Schematic diagram describing the multiplex PCR procedure being developed to facilitate identification of billbug 
larvae.



using linear pitfall traps, and preserved in 90%

ethanol between 2006 and 2010. All adult speci-

mens were identified to species using morpholog-

ical characters (5, 8, 12). The specific locations

from which specimens were collected are shown

in Table 1. 

Billbug genomic DNA was extracted from

the previously identified adult specimens using a

modified version of the procedure described in the

DNeasy kit (QIAGEN, Valencia, CA). PCR was

performed using the primer of regions ITS1 and

ITS2  using a 50 ul reaction mixture containing

2.5 units of Taq polymerase, 100 ng of template

DNA, 0.5 ul of each primer, 200 uM of four dNTP

and a reaction buffer. Thirty amplification cycles

were performed in a thermocycler with each

cycle.

The amplified DNA fragments were ana-

lyzed in 1.5% agarose gels in TAE buffer contain-

ing 0.5 ug/ml ethidium bromide, using short wave

ultraviolet to visualize the DNA. The amplicons

from each species were extracted from the gel

using a gel extraction kit. The purified DNA frag-

ments were ligated into TOPO vector (Invitrogen)

and the ligated mixture was introduced into TOP

10 chemically competent E.coli . The transfor-

mants were selected on Luria-Bertani plates con-

taining 100 ug of ampicillin per milliliter. The

inserted DNA fragments were amplified using T3

of the vector and reverse primer of the inserted

gene. The PCR products of ~ 800 -1000 bp for

ITS1 and ~570-670 bp for ITS2 were confirmed

using 1% agarose/TAE gel electrophoresis.

Plasmid DNA including the fragment were

also purified from overnight-cultured bacteria

using a DNA purification system (Wizard plus SV

Minipreps, Promega). Three clones of Purified

plasmids were sequenced with a DNA sequence

system (Beckman 5000). The DNA sequences

were aligned using Clustal X (11).

Results and Discussion

In order to discriminate between billbug

species using nrDNA sequences, the length and/or

order of nucleotides composing the target

sequences must be measurably different among

species. When one region provides resolution

between some, but not all species, additional

regions may be included in combination with the

first in order to further resolve the remaining

species.

Two regions were selected as the focus of

our analysis (ITS1 and ITS2) to differentiate 6

common billbug species (Sphenophorus venatus,

S. parvulus, S. minimus, S. inaequalis, S .cicatris-
triatus, and S. phoenesiensis) associated with cul-

tured turfgrass. While ITS1 yielded amplicons

with predicted sizes ranging across species from

800 to 1,000 bp, ITS2 yielded amplicons with pre-

dicted sizes ranging from 600 to 700 bp. For diag-
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Table 1. Size (in base pairs, bp) of the nrDNA regions ITS1 and ITS2 and collection locations for six species of billbugs
(Sphenophorus spp.) associated with managed turfgrass in the United States.

Billbug Species Collection Location(s) ITS1 (bp) ITS2 (bp)

S. cicatristriatus Boise, ID 884 616

S. inaequalis West Lafayette, IN
Hamlet, IN 1,012 679

S. minimus West Lafayette, IN 895 579

S. parvulus West Lafayette, IN 882 614

S. phoeniciensis Boise, ID 904 629

S. venatus Evansville, IN 855 612



nostic purposes, both ITS1 and ITS2 each provid-

ed enough variation in size and nucleotide

sequence among species to allow for complete

differentiation of the species examined based on

either nrDNA egion. Table 1 lists the size (in base

pairs, bp) of each respective region (ITS1 and

ITS2) for each billbug species examined. The spe-

cific order of nucleotides in each sequence

remains to be published. 

Findings of this research indicate that it

should be possible to design specific primers that

will facilitate identification of the otherwise indis-

tinguishable larval stage of these insects based on

only a single nrDNA region (ITS1 or ITS2).

However, due to the relatively low mobility of

adult billbugs, it is likely that geographically sep-

arated populations are also reproductively isolat-

ed, resulting in the potential for geographically

distinct populations of most if not all species

examined. 

For this reason, some level of genetic vari-

ation between populations of any single billbug

species may be expected. Whether or not such

variation is expressed in ITS1 or ITS2 remains a

critical question to be examined, but a large,

multi-regional collaborative effort will be

required to achieve this goal. In further exploring

genetic variation among geographically isolated

billbug populations, the development of more

geographically specific primers may prove useful

for species identification and tracking of novel

infestations. Nonetheless, results herein represent

a crucial step that will facilitate the development

of species-specific primers for studies aimed at

understanding the population dynamics of the bill-

bug complex.
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