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Population Dynamics and Host Use of Moneilema semipunctatum Leconte

Project Summary


Although the longhorn cactus beetles (Moneilema) are generally thought to feed only on cacti in the genus Opuntia, a number of investigators have reported their occurrence on other cacti, including ornamental species and rare or endangered cacti. Because outbreaks of Moneilema can cause severe mortality, understanding the mechanisms that mediate host shifts would be very helpful in establishing management programs for endangered cacti.  In order to determine the factors that influence diet breadth in Moneilema semipunctatum, this project proposes to uses both ecological studies and laboratory-based genetic analysis to evaluate the role of population outbreaks, variation in available hosts, and genetics in promoting shifts onto novel hosts. 

Introduction


Although most insects feed on plants, the majority of these are specialized on a few closely related host plant species (Bernays, 1998). This pattern of specialization is thought to be at least partly responsible for the startling diversity of insect species. Additionally, deviations from this pattern, such as when previously monophagous insects expand their diet breadth to include cultivated plants, can result in devastating pest outbreaks. The mechanisms that mediate host specificity and diet breadth, therefore, represent the focus of many research programs in ecology, evolutionary biology, and applied entomology.  My dissertation research uses ecological, molecular phylogenetic, and biogeographic studies to examine the factors that mediate diet breadth and host specificity in the Longhorn Cactus Beetles in the genus Moneilema Say. 

Moneilema are large, black, flightless Cerambycid beetles distributed throughout the North American deserts. They feed exclusively on cacti, their larvae burrowing into the pads, where they complete their development (Raske, 1966, Linsley and Chemsak, 1984). Although most species in the genus are Opuntia specialists, diet breadth varies from extreme specialists that feed on only one species of Opuntia to polyphagous species that feed on any available cacti (Raske, 1966, Linsley and Chemsak, 1984). 


The exact nature of host use in these polyphagous species remains unclear. Although Opuntias seem to constitute the predominant hosts, adults have occasionally been collected on other cacti (C. Smith, unpubl data), and the larvae have been identified as important predators of a number of other cacti, including some threatened or endangered species. Larvae of M. gigas, for example, have been reared from Echinomastus spp. and Trichocereus spp.  (Crosswhite and Crosswhite, 1985, Johnson, 1992, Johnson et al., 1993, R. Johnson, pers. comm.) Similarly, M. semipunctatum has been observed to seriously impact populations of Sclerocactus (J. Coles, pers. comm.). 

Current theories of insect herbivory offer several possible hypotheses to explain these occurrences. Although in the past intraspecific competition was thought to be very rare in insects, new evidence suggests that competition between larvae in holometabolous insects may be an important factor in structuring insect communities (Denno, et. al, 1995). Some theories suggest that direct competition or intense predation on preferred hosts may prompt insects to shift onto novel hosts during periodic insect outbreaks (Jaenike, 1990, Rausher, 1984), and host shifts during periods of high population density have been demonstrated empirically in the field (Tikkanen et al, 1998). Similarly, some evidence suggests that competition between females for oviposition sites may prompt shifts onto non-preferred host plants (Jaenike, 1990, Rausher, 1984). An hypothesis that Moneilema may utilize other cacti when population densities become too high on available Opuntia would be consistent with some observations about the beetles’ biology.  Use of non-preferred hosts seems to occur in areas where the beetles are at particularly high population density (C.Smith, personal observation) and infestations on the Mesa Verde Cactus occur only episodically (J. Coles, pers. comm.)

Alternatively, some empirical research suggests that intraspecific variation in insect diet breadth may reflect differences in host availability across a species’ range (Fox and Morrow, 1981; Jaenike, 1990). For example, work on Acridid grasshoppers found evidence of adaptation to the locally most abundant host plants. Paired choice experiments found differences in host preference between populations where potential hosts differed in abundance (Rowell, 1985). It is possible that populations of Moneilema that utilize unusual cacti as hosts may have adapted to using these cacti in areas where Opuntia species occur in low density. This hypothesis also receives some support from field observations. Several species of Moneilema show variation between populations in the number and particular species of Opuntia utilized (Raske, 1966, C. Smith unpubl. data). 

 A third hypothesis to explain the occurrence on Moneilema on non-preferred hosts is that the insects that feed on cacti other than Opuntias constitute distinct host races or cryptic species with host preferences that differ from other species in the genus. Although sympatric speciation through host shifts remains a highly controversial topic in evolutionary biology, mounting evidence suggests that ostensibly conspecific insects occurring on different hosts in the same region may represent discrete populations with little gene flow between them (Feder, et al., 1988).

  On the surface, distinguishing between each of these scenarios may seem to be of purely theoretical interest. However, depending on the intimacy of the interaction between the beetles and the cacti, there may be quite different consequences for the long-term stability of the interaction. Hosts and parasites with a long history of association often evolve mechanisms that will stabilize the interaction (May and Anderson, 1983). If, for example, beetles that utilize non-standard cactus hosts represent distinct host races, it is likely that natural selection will have reduced both the susceptibility of the cacti to infestation and the severity of the beetle’s attack. However, if the beetles rely primarily on Opuntia, and only shift onto cacti such as Sclerocactus occasionally, it is less likely that natural selection will have stabilized the interaction. Outbreaks of the insect might then be much more devastating to host populations. Evaluating the relationship between the insect and its host is therefore of considerable practical interest, particularly in regard to conserving populations of threatened and endangered cacti.

Proposed Research


In order to investigate patterns of host use in the genus Moneilema, I propose to examine the population dynamics of Moneilema semipunctatum with particular focus on its use of cacti in the genus Sclerocactus. Specifically, this study will address the following research questions:

1. Is the occurrence of M. semipunctatum on Sclerocactus and other non-standard hosts correlated with periods of high population density? In order to examine this hypothesis, I will assay the population density and host use of M. semipunctatum across multiple locations for two years. By examining multiple locations, I should be able to obtain both a larger sample size and wider range of population densities than would be possible through long-term monitoring of a single location.

2. Do diet breadth and host use in M. semipunctatum vary according to the relative abundance of different host plants in an area?  I will examine this problem by using qualitative and quantitative measures to assess the abundance of different species of cacti in a number of different locations. I will compare these estimates with assessments of the beetles’ diet breadth from part 1, above.

3. Are beetles that feed on non-standard hosts genetically differentiated from those that feed on Opuntia? In order to address this question, I will examine variation in DNA sequences and gene frequencies from mitochondrial genes. Variation in mitochondrial DNA sequences is a common tool for uncovering biogeographic patterns and genetic variation on a fine scale. Mitochondria are transmitted exclusively from the mother to her offspring, and do not undergo genetic recombination. This uniparental inheritance means that phylogenies based on mitochondrial DNA represent, at least hypothetically, a matriarchal genealogy. Finally, mitochondrial DNA is more likely to reflect the actual relationship between populations and species than are nuclear genes (Moore, 1997). 

An analysis of these data should make it possible for me to assess genetic variation between insects on different hosts, and variation between populations across the insects' range. This analysis should make it possible both to determine whether insects feeding on different hosts are genetically differentiated, and to estimate gene flow over a fine geographic scale. This, in turn, would allow me to make inferences about migration between populations, and thereby determine insect’s capacity for dispersal and their ability to colonize new habitat patches. 

Methods

1. Locating Populations of the Beetles and Cacti.

Potential field sites will be identified using information from a variety of sources. This process will include reviewing published collections data (e.g. Raske, 1966), visiting museum collections, and talking with local land managers to identify areas of known beetle outbreaks or areas that are of particular interest for management of endangered cacti. Additionally, my past experience in collecting Moneilema has shown me that once the habitat preferences of a species have been characterized, biotic community maps (e.g.: Brown 1994) can be used to very accurately predict fruitful collecting localities. In trying to strike a balance between the need for sufficient sample size, and the time constraints imposed by both my own research schedule and the narrow window of time in which the insects are active as adults, I anticipate sampling between six and ten locations. I intend to monitor these study sites over a period of two years.

2. Estimating Population Density

Moneilema, being flightless, have a very low potential for dispersal over large areas. Census data, therefore, are probably a reasonable estimate of population density. At each location, line transects, pit-fall trapping, and mark-recapture methods will be used to estimate the total population in an area. These methods, and equations for estimating population density from the resulting data, are detailed in Dent and Walton, 1997.

3. Estimating Relative Abundance of Host Plant Species

The relative abundance of the cacti in an area will be evaluated using both qualitative and quantitative measures. In each area, the abundance of all cactus species present will be characterized according to five possible ranks, from extremely common to very rare. Next, multiple 10 m2 quadrants will be established. All cacti within each quadrant will be identified, and the number of individuals of each species will be tallied. These tallies will be used to compute the proportion cacti represented by each species, and to rank the species in terms of relative abundance. Sampling methods and calculations of relative abundance are described in Sutherland, 1996.

4. Characterizing Host Use Within a Population

Moneilema spend most of their lives in close association with their host plants, where they feed, mate, and oviposit (Raske, 1966). The insects usually hide beneath the base of the plant during the day, but climb to the top of the plants to feed during the evening, or on overcast days (Linsley and Chemsak 1985, J. A. Chemsak, pers. comm.). As a result, by simply walking transects in the early evening, adult insects can be located, and their host preference determined by identifying the plants they are found on. Additionally, observations about whether a plant shows feeding damage, and whether pairs are found in copula will be used to determine if different hosts are more or less acceptable as hosts.

5. Obtaining Genetic Data

At each location, individual insects will be collected from a variety of different hosts and preserved in 100% ethanol. Upon my return to the lab, whole genomic DNA will be extracted from each of these individuals. PCR amplifications and thermal cycle sequencing will be used to obtain DNA sequence data from the mitochondrial Cytochrome Oxidase 1 (COI) genes.  

6. Data Analysis

Data on population density, host use, and relative abundance of hosts will be analyzed using the computer-aided statistical procedures available in the SAS statistical package (SAS, 1994). Specifically, the analysis will look for a correlation between diet breadth (that is, the number of host species used in a given population) and population density, the number of available hosts, or both. Additionally, correlation test will be used to determine whether the proportion of insects feeding on a particular host varies with the relative abundance of that host. The genetic data will be evaluated using a variety of methods. Procedures for phylogenetic analysis available in the program PAUP (Swofford, 1998) will be used to infer genealogical relationships between different gene copies. Frequency of particular gene copies within groups of individuals from similar hosts, and within groups of individuals from the same location will be measured. These gene frequency data and comparisons of gene genealogies will be used to determine whether insects on different host plants represent discrete populations, and to measure levels of gene flow between populations. These data will also be compared to expectations based on a null model in which genetic variation is structured by geography alone. These methods are the standard procedures for examining genetic structure within and between populations, and have been previously implemented in a number of studies (e.g. Sullivan, 1994;  Dodson, Colmbani, and Ng, 1995; Shaffer and McKnight, 1996; Hedin, 1997; Walpole, Davis, and Greebaum, 1997; Pellmyr, Mack, and Thompson, 1998). Additionally, I have considerable experience myself using these methods to obtain genetic data, and I am currently using gene sequence data to examine Pleistocene range changes of Moneilema appressum in the Sonoran Desert (C.Smith, unpubl data).

Project Schedule


I anticipate completing this project over the course of two years, during the summer of 2000 and 2001. I examined published records of previous collections of M.semipunctatum (Raske, 1966), and found that over fifty percent of these collections occurred between July eleventh and August sixth. I therefore plan to collect insects during mid to late July and early August, and I expect to devote four weeks each year to the field portions of this project. Analysis of the ecological data should be complete by the end of 2001. Genetic analysis should be completed by the spring of 2002.

Benefits to Conservation

This study will inform management practices for rare and endangered species of cacti in several important ways.  First, by evaluating the nature of the relationship between Moneilema and unusual host cacti, this study will determine whether the beetles are likely to represent a significant threat to these cactus populations. Second, by examining the conditions that promote shifts from Opuntia onto other cacti, this study can suggest ways to improve management strategies. For example, if it is determined that M. semipunctatum utilizes Sclerocactus only during periods of high population density, it may be possible to prevent these outbreaks by selectively removing prickly pears and chollas from the surrounding area. Finally, by using genetic markers to quantify migration and gene flow between populations on fine geographic scale, it should be possible to determine whether the beetles are likely to colonize new populations nearby. 

Budget and Budget Justification

A. Travel

This study will involve two months of fieldwork, to be completed in Southwestern Colorado in July of 2000 and July of 2001. I am requesting funding for travel from Boston to Denver, Rental of a Field Vehicle, and Per Diem food allowances.

i. 2000 Field Season

Roundtrip Airfare, Boston, MA to Denver, CO



 $ 400

Per Diem rate: $15/day, 30 days,




 $ 450

Car rental @ $150/wk 4wks





 $ 600

Total 







$1450

ii. 2001 Field Season
Roundtrip Airfare, Boston, MA to Denver, CO



 $ 400

Per Diem rate: $15/day, 30 days




 $ 450

Car rental @ $150/wk 4wks





 $ 600

Total 







$1450

Travel Total







$2900

Budget Cont’d.

B. Materials and Supplies

As described above, this project includes both field studies of insect diet breadth, insect population densities, and plant abundance, as well as laboratory-based studies of genetic variation within and between insect populations. I am requesting funding for materials and supplies to complete both the field and laboratory portions of this project.

i. Field Equipment for Insect Census and Plant Abundance Studies

Insect Pit Traps, 40 @ 8.65/trap




 
  $346

100m Fiberglass measuring tapes for grids and transects

2 reels @ $81.50/reel






  $163

12” Wooden Survey Stakes, 400 @ $11/50 stakes 

  
    
    $88

Miscellaneous Equipment (Maps, Notebooks, Pens, Flagging, etc.)
 
  $100
Total







  
 $693

ii. Lab Supplies for Analysis of Genetic Variation of Insect Populations 

At a minimum, the analysis of genetic variation should include gene sequence data from six individuals from each of four locations, for a total of twenty-four individuals. In order to obtain sequence data, two 50 (l PCR reactions and approximately six sequencing reactions are required per individual. However, sequencing reaction are subject to an approximately 25% failure rate. Therefore, this portion of the project should require 48 PCR reactions and 180 sequencing reactions. The cost of these reactions are itemized below.  

ABI dye-terminator sequencing kit ($5.22/reaction x 180 Reactions) 
   $940

FMC Long Ranger Sequencing Gel Pack ($55/ Pack, 5 gels/pack, 36rxn/gel)     $55

PE applied Biosystems Gene Amp dNTP Blend ($55/ 100 Amplications,


1 Kits needed)






     $55

QIAgen taq polymerase ($100/50(l, 0.25(l/rxn, 48 rxn)


     $24

Oligonucleotides (Operon Corp.; $1.20/base; ~15bases/primer x 6primers)
   $108

QIA quick PCR purification kits (QIAgen Corp.; $68/kit 50 reactions/kit, 

1 kit needed)







     $68

Total







$1195


Materials and Supplies Total





$1888


Grand Total







$4788

Current and Pending Support 


The research proposed here represents one portion of my dissertation research. My research is conducted through the Farrell lab in the Museum of Comparative Zoology, at Harvard University. The Farrell lab is funded through the following current and pending sources:

Granting Agency

Amount

Project Title





Status

USDA


$180,000
Molecular Systematics of the Bark Beetles


Current

USDA


$230,000
Molecular Systematics of the Grain and Palm Weevils 
Pending

Harvard Medical School

Milton Fund

  $24,000
Molecular Systematics of the Weevils


Current

NSF


$250,000
Molecular Systematics of Curculionidae


In prep

Additionally, I have applied, or am applying, for support in completing my dissertation research from the following sources:  

Granting Agency

Amount

Project Title





Status

NSF


  $9,491

Evolutionary Consequences of Flightlessness

Pending






in Longhorn Beetles

Putnam Expedition Fund 
$10,000

Species Diversity of North American Cactus Insects 

In prep.
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