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ABSTRACT 

 I studied the insect seed predator community on mesquite plants (Prosopis spp.) 

to investigate patterns of community composition in space and time, attempting to better 

understand the factors that led to the coexistence of many seed predator species on a 

single plant. This dissertation begins by testing the controversial species limits of 

Prosopis section Algarobía because hosts may act as environmental filters to insect seed 

predators. I found evidence for at least eight North American Prosopis species (section 

Algarobía). Second, I describe and add to the known natural history of 113 arthropod 

species among 315,174 individuals I collected from seedpod samples across the United 

States and Mexico. These samples included 187 trees from eight North American 

Prosopis species from section Algarobía and three from section Strombocarpa. Third, I 

examined reproductive timing in Prosopis and show that neighboring trees of the same 

species reproduce synchronously, whereas closely related species stagger reproduction. I 

found that photoperiod is the main cue that initiates flowering, but that multiple cues are 

involved. Thus, synchronous reproduction may act as an equalizing process that 

facilitates coexistence of seed predators in this system. Fourth, I tested for evidence of 

spatial and temporal niche partitioning among Prosopis seed predators. I found that the 

rank abundance of seed predators varies little over space and time, suggesting that this 

community exists in a homogeneous competitive environment. I also found that although 

a few species restrict the use of seeds to particular host plants or developmental stages of 

the pods, there is little evidence of niche partitioning. Finally, I looked for evidence of 

competition between seed predators and examined a number of factors that may allow for 

coexistence of these species. I found no evidence of interspecific competition or 
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facilitation, suggesting that species somehow either avoid competition or that present 

patterns are the product of past competitive interactions. Natural enemies occur too 

sporadically to allow for apparent competition and I found no relationship between their 

occurrence or abundance and those of the seed predator species I studied. I found a 

positive correlation between rank abundance ability and fecundity, inconsistent with 

expectations of life-history or competitive-colonization trade-offs. Therefore, the only 

stabilizing process consistent with patterns found in this system is the niche regeneration 

hypothesis. I found that one seed predator species lays eggs most often away from both 

interspecific and intraspecific competitors, a pattern consistent with active avoidance as a 

second equalizing process within this system.  
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 CHAPTER I: INTRODUCTION  

Coexistence 

 One of the earliest and greatest accomplishments in community ecology was the 

creation of a set of mathematical equations that describes density dependence between 

the population sizes of two species, referred to as the Lotka-Volterra model (Lotka 1925; 

Volterra 1926). Though conceptualized to describe predator-prey interactions, a modified 

version describes competition under a variety of circumstances (Giplen & Ayala 1973; 

Holt et al. 1994; Chesson 2000). Gause's (1936) experiment provided empirical evidence 

for the Lotka-Volterra model by showing that two species of Paramecium with identical 

resource requirements will not coexist indefinitely because one species will outcompete 

the other. Hardin (1960) and Whitaker (1965) considered the stable coexistence of very 

similar species impossible, while Janzen (1969) argued that any two species that use the 

same resource must compete. Thus, early studies of coexistence focused on determining 

niche differences within a community and assumed that species living together always 

divided resources. Classic studies of warblers (MacArthur 1958) and anoles (Rand 1964) 

bore out this claim by showing that interspecific competition can also lead to resource 

partitioning, whereby species divide resources or use them in different places or at 

different times (reviews in Schoener 1974; Chase & Leibold 2003; Dayan & Simberloff 

2005). Wilson (2011) refers to this as "alpha-niche differentiation" to avoid confusion. 

Competitive interactions among different species may therefore reduce niche overlap 

between these species or else cause the extirpation of inferior competitors. Hutchinson 

(1959) found this troubling; how then, can one habitat support so many species?  
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 The first attempt to answer Hutchison's question focused on finely dividing 

niches. If competition determines community assembly, co-occurring species should have 

traits that limit niche overlap. MacArthur & Levins (1967) called this the limiting 

similarity hypothesis. Examining patterns of fruit-eating birds on islands that supported 

this hypothesis, Diamond (1975) noticed that different communities are composed of sets 

of species or "guilds" with similar niches, such that each community often contains a 

representative of each guild, but not necessarily the same species. He used this pattern to 

derive the first community assembly rule: interspecific competition causes communities 

to be composed of dissimilar species that maximize the use of available resources. 

Species exist over relatively long time periods within communities if they are able to: 1) 

disperse into the community, 2) survive its environmental conditions, and 3) avoid 

competitive exclusion (Belyea & Lancaster 1999). Traits associated with dispersal predict 

species distributions at both regional and local scales (Ozinga et al. 2005; Fukami et al. 

2005; Boulangeat et al. 2012), but are not expected to influence trait distributions 

(Mayfield & Levine 2010). Environmental filtering causes clustering of traits associated 

with adapting to physical conditions (species are more similar than expected from a 

random null model) because similar organisms will likely inhabit the same habitat 

(Weiher & Keddy 1995). The biotic filter causes the opposite; overdispersion of traits 

associated with competition because of limiting similarity (Weiher & Keddy 1995; 

Weiher et al. 1998). Predicting species assemblages at the local scale within patches is 

difficult because they tend to be random subsets of the regional pool, called the 

"metacommunity" (Andrewartha & Birch 1954), with limited niche overlap (Ozinga et al. 

2005; Ellwood et al. 2009). However, filtering causes some assemblages to persist longer 
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than others (Weiher et al. 1998; Tilman 2004) and there is still an interest in trying to 

predict species membership in local communities (Lebrija-Trejos et al. 2010; Weiher et 

al. 2011). Many more assembly rules since Diamond (1975) attempt to do so (reviewed in 

Belyea & Lancaster 1999). Thus, limited niche overlap explains community composition 

with limited success. 

 Chesson (2000) explained how even species with high niche overlap could stably 

coexist. He divided coexistence mechanisms into stabilizing and equalizing processes. 

Stabilizing processes separate species according to their fitness within a given niche, 

leading to a negative relationship between growth rate and relative abundance for each 

species. This means that they increase the strength of intraspecific competition rather 

than interspecific competition and that they buffer rare species from extinction. Without 

stabilizing processes, competitive exclusion is inevitable, but when niche differences 

between species exist, then a species can recover from a low population size even when 

its competitor(s) is present (Chesson 1991, 2000). Equalizing processes lead to 

similarities in fitness between competitors and therefore stall competitive exclusion. 

Equalizing processes make coexistence more likely, but alone they do not lead to stable 

coexistence (Chesson 2000; Adler et al. 2010). Stabilizing forces can lead to stable 

coexistence by themselves, but only if the average fitness difference between species is 

not too great (Chesson 2000). Thus, stable coexistence requires stabilizing processes, 

which must be greater than or equal to fitness differences and equalizing processes affect 

the strength of fitness differences. Chesson's (2000) framework showed that several 

mechanisms allow for long-term coexistence. It has received wide theoretical and 

empirical support (reviewed in HilleRisLambers et al. 2012). 
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 Neutral theory (Bell 2001; Hubbell 2001; Bell 2005) challenged both limiting 

similarity and Chesson's (2000) view that equalizing processes alone cannot lead to 

coexistence. Neutral theory contends that species are competitive equals and therefore 

non-random patterns of community diversity, abundance, and composition result from 

stochastic drift processes, dispersal limitation, historical inertia, and habitat 

heterogeneity. Studies that pitted neutral theory against Chesson's framework mostly 

rejected neutral theory (McGill & Collins 2003; Fukami et al. 2005; Novotny et al. 2007; 

Wilson 2011). Some of the key arguments were that species are rarely competitive equals 

(Harpole & Tilman 2006; Adler et al. 2007; Mason et al. 2008), that niche differences via 

stabilizing process explain coexistence well (Adler et al. 2010), that slight deviations 

from the assumption of either equal birth rate or equal death rate drastically reduces the 

length of time two species can coexist (Zhang & Lin 1997; Yu et al. 1998), and that few 

empirical studies support neutral dynamics (reviewed in Logue et al. 2011). Some 

replaced neutral models with nearly neutral models (Fuentes 2004; He et al. 2012), which 

assume species are very similar, but not equivalent. These models do not produce 

species-area curves or species-abundance curves like the neutral model or typical 

empirical results, but they are able to predict stable coexistence. Ultimately, both species 

differences and neutral processes must play a role in shaping communities (Lankau 

2011), but neutral processes cannot cause coexistence by themselves and are unlikely to 

be an important coexistence mechanism in nature (Thompson & Townsend 2006; Wilson 

2011).  

 The debate surrounding neutral theory combined with modern phylogenetics 

spurred interest in determining whether communities are most often composed of 
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phylogenetically overdispersed or clustered species (Cavender-Bares et al. 2009). Local 

communities should be overdispersed if niche differences dominate and clustered if 

environmental filtering or neutral processes dominate (Weiher & Keddy 1995; Webb 

2000; Cavender-Bares et al. 2009). However, these analyses assumed that because 

closely related species tend to have very similar niches (niche conservatism) (Wiens & 

Graham 2005; Wiens et al. 2010; Burns & Strauss 2011), they should compete more 

intensely compared to more distantly related species (Leibold 1998; Dayan & Simberloff 

2005; Cavender-Bares et al. 2009). There is disagreement over whether niche 

conservatism is really that frequent (Losos 2008). More importantly, competition can be 

intense between distantly related taxa and weak between close relatives (Cahill 2008; 

Mayfield & Levine 2010). Strong fitness differences can drive communities of unrelated 

species to have similar functional traits (Fukami et al. 2005). Furthermore, Mayfield & 

Levine (2010) show that competitive exclusion can drive clustering, overdispersion, or 

neither, depending on the strength of stabilizing and equalizing processes. Ultimately, 

phylogenetic community analysis studies show no tendency towards clustering or 

overdispersion (Cavender-Bares et al. 2009; Mayfield & Levine 2010; Violle et al. 2011; 

HilleRisLambers et al. 2012), which suggests that environmental filtering and niche 

displacement are both important in shaping communities.   

 Coexistence is a thriving topic within community ecology, not only in terms of 

continuing to understand patterns of diversity, community assembly, and species 

interactions, but as means of relating these patterns to climate change, habitat 

fragmentation, invasive species, and other forms of human disturbance (Suding et al. 

2005; Jeppesen et al. 2007; Adler & Drake 2008; Hobbs et al. 2009; Adler et al. 2012). 
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Some systems have no known mechanism for coexistence. How can cryptic species of 

cichlids (Martin & Genner 2009), damselflies (Siepielski et al. 2010), rotifers (Montero-

Pau et al. 2011), ciliates (Limburger & Wickham 2011) compete for identical resources, 

but show no indication of competitive exclusion, even when resources are often scarce? 

How does coexistence affect fine-scale patterns of diversity (Kneitel & Chase 2004; 

White et al. 2010)? What is the relative importance of different forms of stabilizing and 

equalizing processes in promoting stable coexistence (Lankau 2011)? Given limiting 

similarity among close relatives, how much must species differ for alpha-niche 

differentiation to allow coexistence (Wilson 2011)? How do these processes change with 

scale (Huston 1999; Rahbek & Graves 2001; Kneitel & Chase 2004; Swenson et al. 

2006)? What is the relative influence of species interactions, stochastic population sizes, 

and environmental filtering from the regional species pool in determining local diversity 

(Ricklefs & Schluter 1993; Rosenzweig 1995; Shurin & Allen 2001; Agrawal et al. 2007; 

Emerson & Gillespie 2008)? How does competition affect community composition 

(HilleRisLambers et al. 2012) and how does community composition influence global 

change (McGill et al. 2006)? Are long-term trends in community dynamics predictable, 

such that models can provide management plans to maintain communities (White et al. 

2010)? Understanding these patterns will define how we will manage and protect natural 

communities in the future (Holmes 2001; Harpole 2006; Jeppesen et al. 2007) and is 

therefore of great importance. 

 I chose to study a community of internal insect seed predators feeding on 

mesquite plants (Prosopis spp.) as a means of revealing patterns of community 

membership. Several authors have studied four species of bruchid beetles on velvet 
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mesquite (Prosopis velutina) in the Sonoran Desert (Swier 1974; Kingsolver et al. 1977; 

Kistler 1995), but no study has fully examined the spatial and temporal variation within 

this community or in communities on other North American species of Prosopis. I found 

this system of particular interest because, first, although there is evidence of some 

temporal niche partitioning (Swier 1974; Kistler 1995), there is also a great deal of niche 

overlap (Kingsolver et al. 1977; Kistler 1995) with no hypothesis put forward to explain 

coexistence. Second, the insect seed predator community is much larger than just four 

bruchid species (Ward et al. 1977), but investigations focused only on this select group of 

four. Third, although lab experiments with these bruchids show different competitive 

abilities (Hoffmann et al. 1993; Impson & Hoffmann 1998), field studies of other bruchid 

communities fail to find any evidence of competition (Traveset 1991; Szentesi et al. 

2006), raising questions about how these species avoid competition in nature. Fourth, it is 

easy to collect quantitatively equivalent samples from a large number of trees. Fifth, it is 

easy to differentiate species that are seed predators or their parasitoids from "tourists" 

without time-intensive rearing trials (Ødegaard 2004). Lastly, Prosopis is an 

economically important species with much interest in using insects to control it in places 

where it is invasive (Ueckert & Wright 1974; Ueckert 1974; Zimmermann 1991; 

Hoffmann et al. 1993; DeLoach & Cuda 1994; Coetzer & Hoffmann 1997; Cuda & 

DeLoach 1998; Impson & Hoffmann 1998; Impson et al. 1999; van Klinken 1999; 

Donnelly 2002; van Klinken et al. 2003; McKay & Gandolfo 2007; van Klinken & 

Burwell 2005; Zachariades et al. 2011). 
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Coexistence mechanisms within plant and arthropod communities 

 Coexistence mechanisms can vary substantially even among similar communities. 

Plants are among the best studied communities (Wright 2002; Amarasekare 2003; Logue 

et al. 2011;  Wilson 2011) and so I will describe what is known about coexistence in 

plants in detail before making a comparison with relatively understudied arthropod 

communities (Andersen 2008; Logue et al. 2011). Hundreds of tree species can co-occur 

in a single hectare of tropical forest (Oliveira & Mori 1999). Grubb (1977) questioned 

how tropical plant communities can have such high diversity if all species appear to 

compete for the same light, nutrients, and water. Palmer (1994) and Wright (2002) 

classified mechanisms that either delay or prevent competitive exclusion into six 

categories based on how each mechanism violates assumptions of the competitive 

exclusion principle (Table 1). These mechanisms often violate multiple assumptions and 

have overlapping expectations. For example, many mechanisms require either 

heterogeneous or homogeneous competitive environment (not to be confused with spatial 

heterogeneity and homogeneity). In a heterogeneous competitive environment, species 

ranks change across the metacommunity because of covariance between the environment 

and competition (Amarasekare 2003). Other mechanisms require the superior competitor 

to be unable to monopolize all available space in the metacommunity, referred to as 

preemptive competition (Yu & Wilson 2001; Levine & Rees 2002). Many mechanisms 

require either spatial or temporal variation in the environment. Different combinations of 

these patterns can help differentiate these mechanisms. Some of these processes are not 

exclusive, so for instance, natural enemy pressure and relative non-linearity may 
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synergistically allow for stable coexistence (Cadotte 2007). Others, such as natural 

enemy pressure and storage effects, are probably non-additive (Kuang & Chesson 2010). 

 Though niche differences are sometimes cryptic, fewer plant communities violate 

the competitive exclusion principle than previously thought (Silvertown 2004). There are 

examples of alpha-niche differentiation according to elevation gradients (Whittaker et al. 

1973), micro-topographic soil gradients (reviewed in Sollins 1998), and light gradients 

(Poorter et al. 2006; Lusk et al. 2008). The number of communities that include species 

with high niche overlap is difficult to assess because it requires negative proof, but 

certainly, alternative mechanisms best explain coexistence in some plant communities 

(Chesson 2000).  

Compared to plants, many studies of arthropod communities fail to find evidence 

of niche partitioning (Strong Jr. 1984; Traveset 1991; Blossey 1995; King et al. 1996; 

Marr et al. 2001; Kaplan & Denno 2007; Szentesi et al. 2006; Ellwood et al. 2009; 

Vialatte et al. 2010; Brito et al. 2012; Gerber et al. 2012; Hochkirch & Gröning 2012; 

Zalewski et al. 2014). That is not to say that niche differences are uncommon among 

insect communities, but there are many more cases of high niche overlap than other taxa 

(Kaplan & Denno 2007). Just as in plants, alpha-niche differentiation is unable, for 

example, to account for more than 100 ant species co-occurring within a 0.13-ha plot of 

semiarid desert (Andersen 2008). 

 The regeneration niche hypothesis, which has many other names (See Table 1), 

posits that fluctuating environments create areas free of competition allowing inferior 

competitors to persist (Grubb 1977; reviewed in Wright 2002; Wilson 2011). This is 

likely an important mechanism in plant communities (see Wright 2002; Wilson 2011) 
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because tree falls, fires, and climatic disturbance frequently create forest gaps, therefore 

resetting the successional stage of habitat patches. These same forms of disturbance to the 

plant community may provide temporary habitat to arthropods (Bouget & Duelli 2004), 

but arthropods are generally short-lived and have comparatively high dispersal rates 

(Harrison et al. 1995; Kinlan & Gaines 2003), which means that regeneration occurs so 

quickly that competitive exclusion follows. Therefore, the regeneration niche hypothesis 

is likely to either only be important for certain types of arthropods, such as ant colonies 

that are both long-lived and dispersal limited (Yu et al. 2004; Andersen 2008), or work in 

conjunction with one or more equalizing mechanisms that do not allow preemptive 

competition, such as recruitment limitation. 

 Like the regeneration niche hypothesis, the storage effect requires environmental 

fluctuations, but it also requires that species have different competitive abilities in 

different environments (Warner & Chesson 1985; Sears & Chesson 2007). Thus, unlike 

the regeneration niche hypothesis, species competitive ranks change throughout the 

landscape. However, mathematical models show that regeneration niches cannot stabilize 

long-term coexistence without spatial heterogeneity of species ranks (Lavorel & Chesson 

1995). Coexistence should occur with or without preemptive competition (Inouye 1999). 

Several empirical studies find a storage effect in plants (e.g. Adler et al. 2006; Angert et 

al. 2009; Clark 2010), but the mechanism is always weak and therefore stable coexistence 

requires the assistance of strong equalizing processes (Wilson 2010). Though more 

studies are necessary, it is likely the storage effects are important in plant communities 

(Wilson 2010). Temporal storage effects are unlikely to be relevant to arthropods because 

they rarely have generations with significant overlap, but spatial storage effects could be 
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very common in arthropods (Amarasekare 2003). Empirical support includes studies of 

insects on Jacobaea vulgaris (Asteraceae) (Harrison et al. 1995), Daphnia (Caceres 

1997), insects feeding on rotten fruit of Apeiba membranacea (Tiliaceae) (Inouye 1999), 

and weevils on Quercus spp. (Fagaceae) (Govindan 2013). 

 If multiple species differ in their nonlinear responses to the environment, a pattern 

referred to as "relative nonlinearity", then spatial or temporal heterogeneity will permit 

coexistence (Chesson 1990; Chesson & Rosenzweig 1991). Very few studies of plants 

(Tilman & Pacala 1993; Gravel et al. 2010; Araya et al. 2011) or insects (Davidson 1977; 

Behmer & Joern 2008) have found evidence of this pattern. Chesson (2008) considers 

relative non-linearity less important than the storage effect and probably exemplary of a 

very few communities.  

 Trade-offs are one of the better-studied coexistence mechanisms. There are two 

types: life history trade-offs in heterogeneous competitive environments and competition-

colonization trade-offs in homogeneous competitive environments. Life-history traits 

include any biotic or abiotic factor that could affect fitness. Colonization refers broadly to 

the summation of fecundity, recruitment ability, and dispersal ability. These trade-offs 

allow coexistence in spatially varying environments by either altering competitive ranks 

across the landscape or giving inferior competitors a temporary advantage. Good 

examples of trade-offs in plant communities include a trade-off in water stress along a 

hydrological gradient (Araya et al. 2011), a trade-off between growth and survival in 

relation to light availability (Gilbert et al. 2006), a trade-off in susceptibility to natural 

enemies (Kursar et al. 2009), and competition-colonization trade-offs (e.g. Tilman 1994; 

Gilbert et al. 2006). Turnbull et al. (1999) has shown that seed size alone can 
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theoretically drive a competition-colonization trade-off. Life-history trade-offs in plants 

are common (Wright 2002), while competition-colonization trade-offs are rare (Wilson 

2011). One reason for this could be that the parameters of the original competition-

colonization model are incorrect. For example, the classic competition-colonization 

trade-off model assumes no preemptive competition, but Calcagno et al. (2006) shows 

that coexistence is actually more likely with preemptive competition. Given this new 

insight into how this trade-off might operate (also see Yu & Wilson 2001), designating 

this mechanism as unimportant in plants is perhaps premature. As in plants, life-history 

trade-offs are common in arthropods while competition-colonization trade-offs are rare 

(Harrison et al. 1995; Amarasekare & Nisbet 2001). Examples of life history trade-offs 

include those between competitive ability and predator vulnerability in damselflies 

(McPeek & Peckarsky 1998), competitive ability and thermal tolerance in both ants 

(Bestelmeyer 2000) and mosquito larvae (Juliano et al. 2002), dispersal and fecundity in 

ants (Yu et al. 2004), resource acquisition and defense in ants (Andersen 2008), and 

competitive ability and stress tolerance in ants (Andersen 2008). The strong bias towards 

ant communities here reflects all coexistence studies, with only dung beetle communities 

studied as often. Competition-colonization trade-offs have been described in communities 

of ants (Adler et al. 2007), spiders (Marshall et al. 2000), and true bugs (Vialatte et al. 

2010). Amarasekare & Nisbet (2001) theorize that the lack of competition-colonization 

trade-offs in arthropods is due to dispersal rates of the inferior competitor often being so 

high that emigration from source to sink populations causes negative growth and 

therefore competitive exclusion. 
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 The fundamental condition for stabilization is the ability of populations to 

rebound from low densities, a pattern called "negative-density dependence". Negative-

density dependence occurs when rare species are less prone to mortality. The best-known 

mechanism for this is the Janzen-Connell hypothesis (Janzen 1970; Connell 1971), which 

posits that specialist natural enemies reduce seedling establishment near the parent plant. 

Many plant studies support the Janzen-Connell hypothesis (Clark & Clark 1984; Packer 

& Clay 2000; Petermann et al. 2008; Yamazaki et al. 2009; Bagchi et al. 2010; Mangan 

et al. 2010), though some argue that it is not the best explanation for community-level 

patterns (Burkey 1994; Wright 2002; Hyatt et al. 2003). The Janzen-Connell hypothesis 

originally explained tropical tree diversity, but it can create a very similar form of 

coexistence in animals. If two species share a natural enemy, the species with the highest 

population density will suffer the greatest mortality, thus allowing coexistence through 

"apparent competition". Apparent competition occurs in both plant (Burdon et al. 1995; 

Cobb et al. 2010) and insect communities (Holt 1977; Chaneton & Bonsall 2000; Teder 

& Tammaru 2003; van Veen et al. 2006), but probably does not occur in the majority of 

either community type (Chaneton & Bonsall 2000; van Veen et al. 2006). Other causes of 

negative-density dependence, such as intraspecific competition and allelopathy, are not 

well studied because evaluation of lifetime fitness is difficult and necessary (Wright 

2002).  

 Initial patch composition or "heteromyopia" is a theory that describes coexistence 

as the result of interspecific competition occurring at a smaller spatial scale than 

intraspecific competition (Murrell & Law 2003). For example, allelopathy only affects 

near neighbors and if it has a stronger affect on conspecifics, the population density of the 
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more abundant species would be reduced and create empty patches of habitat for the rarer 

species to invade (Murrell & Law 2003). This theory is most likely to occur with near 

neutral differences in competitive ability and no preemptive competition. This theory is 

relatively new and untested in the field. Wilson (2011) believes the requirements of this 

theory make it unlikely to occur in plant communities, but that it has the potential to 

occur in some animal communities.  

 The stabilizing process(es) described above may be weak and stable coexistence 

still be achieved when strong equalizing processes occur (Chesson 2000). Spatial mass 

effect, also referred to as source-sink dynamics, is the only equalizing process that 

requires both spatial patchiness and immigration between patches (Logue et al. 2011). 

Mass effects occur in some plant communities (Shmida & Wilson 1985), but they are 

mostly unexplored in tropical forests (Wright 2002). In their review, Kinlan & Gaines 

(2003) found terrestrial insects typically disperse farther than terrestrial plants or marine 

invertebrates. Therefore, mass effects could be very important (Siemens et al. 1991; 

Harrison et al. 1995; Andersen 2008; Logue et al. 2011), but as in plants, this process is 

poorly studied in arthropod communities (Andersen 2008). 

 Competitive interactions could be limited by mutualisms, low population 

densities, recruitment limitation, and species actively avoiding one another. The vast 

majority of studies examining interactions among plants find symmetric negative 

interactions (Mittelbach 2012), whereas studies of arthropod communities often find 

either no evidence of competition or heavily asymmetrical interactions (reviewed in 

Lawton & Hassell 1981; Kaplan & Denno 2007). Failure to find evidence of competition 

is difficult to interpret because 1) it is evidence of absence, 2) competition might only 
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occur when resources are limited (Tepedino & Stanton 1981; Pearson & Knisley 1985; 

Vignoli et al. 2009), 3) complete niche overlap is also hard to prove and competitive 

exclusion will result in no further competition - a phenomenon Connell (1980) called the 

"ghost of competition past", and 4) species with high niche overlap can also coexist 

through mutualisms/facilitation (Lawlor 1979; Sasaki et al. 2010). Facilitation occurs 

frequently and mainly in plant communities from extreme environments (Brooker et al. 

2008). All mechanisms that limit competition besides facilitation are weakly supported or 

understudied in plant communities (Chesson & Warner 1981; Chesson & Huntly 1997; 

Hubbell et al. 1999; Wright 2002). Since studies that find negative interactions 

uncommon within arthropod communities also find high niche overlap and no evidence 

of positive interactions, at least one mechanism for coexistence based on species not 

competing must be of great importance to arthropod communities. Arthropods generally 

have high population densities, so the inability to interact because of low population 

densities is also unrealistic. Recruitment limitation refers to population growth being 

limited by the number of larvae or juveniles that a species is able to produce (Chesson 

1998). One situation that could cause this is when a resource is only available for a short 

time in plentiful supply. This is exactly the case for insects that feed on plants that 

produce synchronous crops as a means of predator satiation (Kelly & Sork 2002), a 

phenomenon referred to as "masting" (Janzen 1971). This ultimately limits competition 

because the insects cannot develop fast enough to use all of the resources the plants 

provide. Recruitment limitation therefore has the greatest potential to explain why 

arthropods that use the same resource often show no signs of competitive interactions. 

Carrion and dung are also hyper-abundant, ephemeral resources for some insects and the 
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nature of these resources may partly explain their use by many species (Kouki & Hanski 

1995; Horgan 2006). Insects may also avoid competition by laying eggs non-randomly 

away from competitors (Avidov et al. 1965; Wright 1983; Messina & Renwick 1985) or 

laying clusters of eggs that are less likely to be near clusters from their competitors 

(Rohlfs & Hoffmeister 2003). The importance of these behaviors in promoting 

coexistence requires further study.  

 All of the remaining equalizing processes slow down the speed at which 

competitive exclusion occurs. Mechanisms include large population sizes causing drift to 

be less likely to lead to extinction (spatial inertia), long-lived species having the same 

effect (temporal inertia), intermediate disturbance, and neutral processes (reviewed in 

Wilson 2011; also see above). Though plant communities may include large populations 

of long-lived species, community drift models fail to show prolonged coexistence (Zhang 

& Lin 1997; Yu et al. 1998; Wright 2002) and Chesson (2008) argues that inertia models 

are based on an artifact of not considering the correct time-scale. Niche displacement 

should occur on an ecological time-scale (Pearman et al. 2008) unless the system is 

consistently perturbed (Shea et al. 2004). Lottery models (Chesson 1991) combined with 

frequent disturbance models (Huston 1999) can explain coexistence, but Wright (2002) 

questioned whether many plant communities are disturbed frequently enough to meet the 

demands of these models. Arthropods generally have very short life spans, so temporal 

inertia is unlikely. Their large population sizes make spatial inertia plausible, but 

Chesson's (2008) argument against spatial inertia also applies for arthropods. In their 

review of disturbance as a coexistence mechanism, Shea et al. (2004) found no examples 

for terrestrial arthropods, demonstrating once again the paucity in data. As is the case in 
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plants, disturbance is unlikely to be important across many arthropod communities 

(Wright 2002). In conclusion, most equalizing processes are either weakly supported or 

understudied, with the exception of limited competitive interactions among arthropods 

through limited, hyperabundant resources.  

 Many of the above explanations of coexistence encompass one another and some 

probably represent the same explanations. For example, regeneration niche could be 

considered a specific form of a storage effect. Some theories are very poorly developed, 

the names of theories are used inconsistently, and many theories have been re-described 

when they clearly represent the same mechanism (Wright 2002; Amarasekare 2003; 

Andersen 2008; Logue et al. 2011; Wilson 2011). My summary (as described in Table 1) 

does not condense these concepts nor re-organize them, but lists them with their current 

interpretation to help interpret the patterns I found in my dissertation.  

 

Prosopis distribution and taxonomy 

 The last complete revision of Prosopis was by Burkart (1976), who divided the 

genus into five sections with 44 species. Four basal species, belonging to sections 

Prosopis and Anonychium, occur primarily in northern Africa and the Middle East. Of the 

remaining species, one belongs to section Monilicarpa, nine belong to section 

Strombocarpa, and thirty belong to section Algarobía. Section Strombocarpa includes 

many species with distinct curled seedpods, often referred to as screwbean mesquites. 

Three species in section Strombocarpa and between one and eleven species in section 

Algarobía occur in the southwestern United States and Mexico (Burkart 1976; Hultine, 
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2001; Palacios 2006). Almost all of the remaining species occur primarily in Argentina, 

with only one species occurring in Central America.  

  Species delimitation within section Algarobía is controversial. Species within this 

section hybridize readily (Hunziker et al. 1986; Vega & Hernández 2005; Palacios 2006) 

and cannot be differentiated using flavonoids (Solbrig et al. 1977) or isozymes (Solbrig & 

Bawa 1975). There has also been considerable confusion in indentifying species using 

morphological characters (see Pasiecznik et al. 2001) and taxonomists do not agree on the 

number of North American species in this clade (Burkart (976; Hultine 2001; Palacios 

2006). The inability to define or differentiate ecologically distinct evolutionary 

significant units makes understanding patterns of insect communities feeding on these 

species problematic. Analyses that compare host species are meaningless if the sample 

groupings are not based on ecological similarity. Host species may act as environmental 

filters that determine whether a given insect species is capable of feeding on that plant 

(Emerson & Gillespie 2008). Closely related hosts may have similar chemistry, seed size, 

and architecture; all of these factors could relate to community composition (Siemens et 

al. 1991; Hoffmann et al. 1993; Kistler 1995; Szentesi & Jermy 1995). Phylogenies of the 

genus focus on South American species and use just a few North American exemplars 

(Martinez 1984; Bessega et al. 2006; Burghardt & Espert 2007; Catalano et al. 2008), so 

it is even unclear whether the North American species in section Algarobía form a 

monophyletic group.  
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The economic importance of Prosopis 

 Human views of Prosopis range from a destructive, invasive species to an 

invaluable resource for people, livestock, and wildlife. Various prehistoric cultures 

praised the plant since the wood is a long-lasting source of fuel and the pods make good 

livestock fodder and flour (Varshney 1996; Pasiecznik et al. 2001). It played an important 

role in the American Industrial Period, helping expand the mining and railroad industries 

(Pasiecznik et al. 2001). Later it became popular because the flowers attract large 

numbers of bees that make sought-after honey and the trees provide shade for both people 

and livestock (Felker 1979). It is also capable of growing on very poor soils in arid 

climates (Pasiecznik et al. 2001) and dependably fruits every year (Simpson & Solbrig 

1977). In the Sudan, Ethiopia, and India, it plays an important role in dune stabilization, 

preventing desertification (Varshney 1996; Pasiecznik et al. 2001; Ayanu et al. 2014). In 

rural India, it provides 80-90% of all firewood (Saxena & Venkateshwarlu 1991) and in 

Brazil, sales of the pod flour as animal feed produce US $6 million annually (Shackleton 

et al. 2014). Because of all these positive aspects of the tree, people intentionally 

introduced the hardiest species (P. juliflora, P. glandulosa, P. velutina, and P. pallida) 

into 129 countries including Hawaii, India, Australia, South Africa, and several 

Caribbean Islands, mostly from 1820-1920 (Simpson & Solbrig 1977; Shackleton et al. 

2014). In Hawaii, P. pallida is "revered as the most useful of all species ever introduced 

to those islands" (Pasiecznik et al. 2001).  

 Opinions of Prosopis have changed dramatically in the past 150 years. In the 

United States starting in the mid-1800's, native P. glandulosa rapidly expanded its range 

into grasslands used to raise cattle (Van Auken 2000). Ranchers tried to eliminate the 
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mesquite because they believed the trees deplete the water table (Glendening & Paulsen 

1955; Mooney et al. 1977), thereby taking watering holes away from livestock and 

causing droughts. According to DeLoach (1984), the American livestock industry loses 

$200-500 million annually as a result of the existence of P. glandulosa. Johnson et al. 

(1993) even considered the encroachment of woody plants like Prosopis into grasslands 

responsible for rising carbon dioxide levels. Ranchers, biologists, and government 

employees used herbicides, fire, cutting, and wholesale removal to try to eradicate the 

"noxious weed" (Fisher 1950; Ueckert & Wright 1974; McDaniel et al. 1982; Kreuter et 

al. 2001; Teague et al. 2001; Ansley et al. 2007). Unfortunately, the trees often grew back 

as an even more troublesome thicket (Jacoby et al. 1990; Teague et al. 1997). By the 

1940's, surveys estimated moderate to dense stands covered 30 million acres in Texas; 

almost a third of the state (Allred 1949). Research into the causes of the original spread 

of P. glandulosa revealed that cattle were one of the main dispersers of Prosopis seeds 

(Gibbens et al. 1992; Lerner & Peinetti 1996; Kramp et al. 1998; Kneuper et al. 2003), 

that overgrazing and the cessation of natural fires led to droughts which allowed P. 

glandulosa to take over areas that were previously unsuitable for it (Fisher 1950; 

Bogoush 1951; Teague et al. 1997; Van Auken 2000), that cattle eat the seeds before seed 

predators can destroy them (Impson et al. 1999), and that rodents and rabbits that 

ranchers tried to control play a major role in preventing Prosopis seedling establishment 

(Glendening & Paulsen 1955; Simpson & Solbrig 1977; Nilsen et al. 1987; Weltzin et al. 

1998). Studies of the community role of Prosopis found that it improves soil fertility 

through nitrogen fixation (Tiedemann & Klemmedson 1973; Rundel et al. 1982; Schade 

et al. 2003), which improves understory diversity (Simpson & Solbrig 1977). Prosopis is 
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an important source of food, shade, and cover for many animals, including many game 

species (McCulloch 1972; McCormick 1975; Germano & Hungerford 1981; Germano et 

al. 1983). The suggestion that Prosopis uses more water than other plants is 

unsubstantiated by data (Carlson et al. 1990; Dugas & Mayeux 1991; Heitschmidt & 

Dohower 1991). Income from wildlife and outdoor activities supported by Prosopis 

savannahs can be equal to or exceed cattle ranching (Szaro 1989; Bernardo et al. 1994). 

Because of both the failure of ranchers to eradicate it and evidence that it has some 

positive attributes, attempts to control it have waned in recent years (Pasiecznik et al. 

2001), though some still view it as a weed (Ansley et al. 2007).    

 Its history in India is quite different, but also quite complicated. The Indian 

government introduced Prosopis juliflora to the country in 1877 to provide rural 

communities in arid regions with fuel and livestock feed (Muthana & Arora 1983). In 

1940, the ruler of the state of Marwar dubbed the species as a "Royal Tree" and the 

Indian forestry service began a massive effort to turn the Thar Desert region into a forest 

covered by this non-native species (Muthana & Arora 1983). Varshney (1996) estimated 

that P. juliflora now covers over 200,000 ha of the Thar Desert. Meanwhile, research 

showed that P. juliflora causes a reduction in livestock forage biomass through 

allelopathy (El Fadl 1997) and landscape alteration (Kumar & Mathur 2014). Some of the 

native species it replaces, such as P. cineria, are now considered endangered (Khan & 

Frost 2001). According to Mann & Muthana (1984), P. cineria is a keystone species in 

India, helping native understory plants germinate and grow. P. cineria may also support a 

diverse soil microfungal community (Purohit et al. 2002). In response, the forest service 

within Velavader National Park has begun an eradication program for P. juliflora. Jhala 
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(1993) raised concerns about this program because P. juliflora provides essential cover 

for endangered Indian wolves (Canis lupus pallipes) and Walter & Armstrong (2014) fear 

that the loss of P. juliflora will devastate local communities and economies because of its 

use as a fuel source. Perhaps Peattie (1953) was correct in stating, "mesquite is something 

more than a tree, it is almost an elemental force, comparable to fire - too valuable to 

extinguish completely and too dangerous to trust unwatched". Pasiecznik (1999) 

attributes the dichotomy of how different people see Prosopis as either an invasive weed 

or a valuable resource to regional poverty: poor families view it as a resource, whereas 

rich communities have better available alternatives. 

 In other countries, primarily South Africa starting in 1984 and Australia starting 

in 1994, efforts to manage introduced Prosopis focused on biocontrol (van Klinken & 

Campbell 2001). Biocontrol of Prosopis has been of great interest because it is far 

cheaper to implement than other methods (Shackleton et al. 2014). Most studies find that 

insects that feed on Prosopis are specialists that may complete development on several 

Prosopis species, but are unable to complete development on most other Fabaceae 

(DeLoach & Cuda 1994; van Klinken 2000; Donnelly 2002; McKay & Gandolfo 2007). 

This makes them good biocontrol candidates. Ward et al. (1977) lists over 945 

phytophagous insect species known to feed on Prosopis. Biocontrol interest originally 

focused on seed predators (Zimmermann 1991), but researchers abandoned their use 

because South African Prosopis populations do not appear to be seed-limited (Impson et 

al. 1999) and livestock eat the seedpods before seed predators can attack them (Impson et 

al. 1999; van Klinken & Campbell 2001). Even if multiple species were introduced, 

laboratory studies of competition between different bruchid species found that 
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competitive exclusion prevents coexistence (Hoffmann et al. 1993; Impson & Hoffmann 

1998). Researchers redirected efforts towards using multiple species that attack different 

parts of plants (DeLoach & Cuda 1994; Cuda & DeLoach 1998; van Klinken & Campbell 

2001; van Klinken et al. 2003; van Klinken & Burwell 2005; McKay & Gandolfo 2007; 

van Klinken 2012). The study of van Klinken & White (2011) renewed interest in the use 

of seed predators as biocontrol agents because they found bruchids readily oviposit on 

seeds in animal dung, but greater success has been achieved with folivores like Evippe 

(Lepidoptera: Tortricidae) and sap-feeders like Prosopidopsylla flava (Hemiptera: 

Psyllidae) (van Klinken et al. 2003; van Klinken 2012). The failures to control Prosopis 

with bruchids highlight our lack of knowledge when it comes to the population biology of 

seed predators and their impact on plant populations (Zachariades et al. 2011; Shackleton 

et al. 2014). It is also worth noting that a review of pre-dispersal seed predation by Kolb 

et al. (2007) found that seed predators always reduce plant recruitment and population 

growth, which means that biocontrol of Prosopis using seed predators should not be 

completely abandoned. 

 

Seed predation and how plants avoid it 

 Seed predators are distinct from other herbivores, not only because every seed 

they eat destroys a plant propagule. This means that they can drastically reduce plant 

fitness (Kolb et al. 2007). Kolb et al. (2007) showed that pre-dispersal seed predation 

rates averaged 30.7% and ranged from 0.2 and 100% in 266 studies. For Prosopis-

feeding bruchids, predation rates range from 11-90% (Glendening & Paulsen 1955; Swier 

1974; Solbrig & Cantino 1975; Zimmermann 1991; Kingsolver 2004). Several studies 
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(Smith & Ueckert 1974; Solbrig & Cantino 1975; Lerner & Peinetti 1996) found that the 

absence of seed predators correlates with increased germination rates. However, Miller 

(1994) found that larval holes from bruchids increase scarification in the guts of gazelles, 

giraffes, and ostriches, leading to higher germination rates in Acacia. Fox et al. (2012) 

found that Stator limbatus increases or decreases germination and seedling recruitment 

depending on the host plant and environmental conditions. Kursar et al. (2009) found that 

herbivory of South American Igna has caused divergent defensive traits, thus promoting 

the coexistence of many Igna species via trade-offs in susceptibility to natural enemies. 

However, in their meta-analysis, Koricheva et al. (2004) found trade-offs between 

antiherbivore defenses in plants and plant fitness are surprisingly rare. 

 A plant's first line of defense against insect seed predators is to prevent or hinder 

oviposition. This is accomplished a number of ways. Acacia spp. (Fabaceae) pods have 

flaky surfaces that they shed together with egg masses and emerging larvae (Janzen 

1969). Other legume pods, such as those of certain Prosopis and Vigna spp., are so 

smooth or waxy that bruchids cannot find a place to attach their eggs (Bridwell 1918; 

Kingsolver et al. 1977; Birch et al. 1989). Not all bruchid species require a crack in 

which to lay their eggs, but having a smooth seed coating reduces the number of 

attacking species. Similarly, indehiscence can exclude seed predators that lay eggs 

directly on the seed (Kingsolver et al. 1977). Some plants, such as Prosopis, Cassia, and 

Acacia, produce sticky gums that exude from damaged seedpods. This gum can knock off 

eggs, suffocate them, or hinder larval emergence (Bridwell 1920; Hinckley 1960; 

Kingsolver et al. 1977). Others have trichomes that make it difficult for eggs to stick to 

the fruit (Center & Johnson 1974; Kingsolver et al. 1977; Szentesi & Jermy 1995). One 
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final tactic is to attract insect defenders. Instead of producing cyanogenic toxins in its 

seedpods like its ancestors, Acacia hindsii (Fabaceae) produces nectaries that attract ants 

that defend the seedpods from seed predators (reviewed in Janzen 1971; McKey 1989).  

 The second line of defense is to prevent larvae from entering the seed by having a 

hard or tough endocarp. For example, hickory nuts (Carya ovata) have such a tough shell 

that it takes a force of 75kg or 30 hours in the gizzard of a turkey to be crushed (Stiles 

1992). Nonetheless, there is a specialist weevil species, Conotrachelus affinis, which 

feeds on Carya. Some of the hardest seeds have high mortality rates due to specialist seed 

predators (Janzen 1971). Thus having a hard seed coat is an environmental filter, 

reducing the number of seed predator species and driving specialization (Birch et al. 

1989). Harder seeds may also have evolved to prevent desiccation and give seeds a 

higher chance of passing through the vertebrate guts unharmed (Janzen 1971; Bodmer 

1991).  

 The third line of defense is to possess unpalatable seeds or seedpods. Some seeds 

contain lethal compounds. For example, glands on the outer surface of Amorpha fruticosa 

pods secrete a toxin called amorpha which kills insects on contact (Center & Johnson 

1974). Lectins and tannins within the seed can damage midgut epithelium, rotenoids 

inhibit mitochondrial respiratory metabolism, non-protein amino acids and lectins disrupt 

protein synthesis, cyaniogenic glycosides release cyanide, protease and amylase 

inhibitors impede enzyme function, papain inhibitors reduce larval growth by preventing 

the use of cysteine proteinases, and carbohydrase inhibitors and phytohaemaglutinins 

reduce nutrient absorption (Bernays & Graham 1988; Birch et al. 1989; Hulme & 

Benkman 2002; Oliveira et al. 2002). A single family of plants, the Fabaceae, includes 
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examples of most classes of these secondary compounds (Janzen et al. 1977; Janzen 

1971; Birch et al. 1986; Hulme & Benkman 2002; Kergoat et al. 2005). Considering just 

one class of chemicals, Smolenski & Kinghorn (1984) isolated over 450 alkaloids from 

legume seeds. Some of these toxins, like saponins, lectins, protease inhibitors, and 

cyanide, are also highly toxic to vertebrates (Janzen et al. 1977; Birch et al. 1989). The 

pods of some Prosopis species have even been recorded killing cattle when consumed in 

large quantities (Silva 1990). Secondary compounds, just like seed hardness, prevent 

most generalist feeders from using toxic plants as a resource and only a few species of 

specialist seed predators are able to get through their defense (Cates & Rhoades 1977). 

Plant toxins may also drive bruchid specialization and diversification (Johnson 1989; 

Kergoat et al. 2005). 

 A general trade-off in plants exists between seed size and seed number (Muller-

Landau 2010) and seed predators may affect this tradeoff (Janzen 1969; Center & 

Johnson 1974). For example, Nelson & Johnson (1983) found that bruchids on 

Astragalus spp. (Fabaceae) oviposit most frequently on larger seeds and that Astragalus 

produces smaller seeds in areas with high seed predation rates. Janzen (1969) found that 

Central American legumes, which support a diverse number of seed predators, produce 

larger numbers of seeds, smaller seeds, and more chemical defenses compared to legumes 

in regions with fewer seed predator species. He also found that bruchid beetles oviposit 

more readily on plants with fewer, larger seeds. More recent and extensive surveys of 

bruchids suggest that this correlation is unclear (Szentesi & Jermy 1995; reviewed in 

Hulme & Benkman 2002). In some cases, seed predators may even cause plants to 

produce fewer seeds. For example, Herrera (1984) found that Berberis hispanica 
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(Berberidaceae) plants produce fewer seeds in the presence of tephritid fly seed predators 

because overall seed mortality is lower in the presence of the fly. It is still unclear how 

much of an influence seed predators have on seed size and number per plant. 

 Synchronous reproductive events are another way plants can reduce seed 

predation (reviewed in Kelly & Sork 2002). Masting plants provide more food for seed 

predators than the seed predators are capable of eating before the fruiting period ends 

(Janzen 1969). Thus, seed predators cannot increase their populations fast enough to 

destroy all the seeds from a given plant species. Many tree species undergo synchronous 

seed production (Janzen 1969; Hulme & Benkman 2002; Schnurr et al. 2002) and even 

different species often mast together, possibly to avoid generalist seed predators using an 

alternative host when their main host is unavailable (reviewed in Schnurr et al. 2002). 

Ideal flowering and fruiting conditions being similar for all co-occurring species could 

also cause synchronous masting events among unrelated species (Kingsolver et al. 1977; 

Ostfeld & Keesing 2000). Not all plant communities undergo masting, nor are they 

expected to. For example, some plant species with defenses causing seed predator 

specialization relax the need for all species to mast at the same time (Hulme & Benkman 

2002). 

 In their review, Cornell & Hawkins (1995) found that attack by natural enemies is 

the primary cause of mortality in larval insects. Though seed predator larvae protected 

within seedpods may have reduced mortality from pathogens and predators, Hawkins et 

al. (1997) found no reduction in parasitism rates for endophytic insects or their exophytic 

eggs. Parasitoids tend to have high spatial and temporal variation (Hawkins & Mills 

1996; Coetzer & Hoffmann 1997), which means they create spatially variable landscapes 
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for seed predators. Apparent competition or trade-offs in life-history traits associated with 

enemy escape could explain coexistence in seed predator communities, but studies of 

parasitoids in bruchid dominated communities have focused either on behavioral 

differences of the bruchids used to avoid parasitoids (Swier 1974; Vamosi et al. 2011; 

Deas & Hunter 2012) or identifying the mortality rate when parasitoids are present (i.e. 

Traveset 1991; Coetzer & Hoffmann 1997).  

 The above list includes all of the evolutionary strategies by plant to avoid seed 

predation which I believe to be of potential importance in the Prosopis system I studied. 

Others, such as spontaneous fruit abortion, dispersing seeds before seed predators have a 

chance to destroy them, vegetative propagation, and regeneration through seed banks 

(Janzen 1969; Heithaus 1981; Turnball & Culver 1983; Ruhren & Dudash 1996; Hulme 

& Benkman 2002) probably do not apply to Prosopis. These varied defensive strategies 

of plants are of interest to my study because they relate to different coexistence 

mechanisms. 

 

Legume seed predator communities 

 Insects that feed on seeds within the family Fabaceae have attributes that set them 

apart from other seed predator communities. First, beetles in the family Bruchidae 

dominate these communities: 84% of the over 1300 species of bruchids use legume seeds 

to develop (Johnson 1970, 1983; Kingsolver 2004). Second, most bruchids are host 

specialists and only deposit eggs on one or a few host species (Johnson 1983; Huignard et 

al. 1990). For example, 93% beetle species that feed on Prosopis pods are obligate 
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specialists (Kingsolver et al. 1977). Those species that do feed on multiple hosts rarely do 

so at the same site (Janzen 1980), resulting in local specialization.  

 Specialization in bruchids is undoubtedly partially due to their ability to avoid 

secondary compounds and mechanical defenses in diverse ways (Center & Johnson 1974; 

Janzen et al. 1977; Berenbaum et al. 1996). For example, some species avoid the negative 

effects of protease inhibitors by using serine proteases instead of cysteine proteases as 

digestive enzymes (Oliveira et al. 2002). Caryedes brasliensis can not only detoxify L-

calavanine in Dioclea megocarpa (Fabaceae) seeds, which kills other insects, but breaks 

it down into ammonia which is used as a major dietary supplement for amino acid 

synthesis (Rosenthal et al. 1977; Rosenthal & Janzen 1985). Other species oviposit on 

plants when secondary compounds are at the lowest levels during the maturation of the 

seeds (Johnson 1983). Finally, some bruchid species avoid ingestion of the toxic pod and 

endocarp by spitting out the toxic parts (reviewed in Birch et al. 1989). Janzen (1980) 

hypothesized that this arms race between legumes and bruchids must have played a large 

role in the specialization and diversification of the family and Kergoat et al. (2005) found 

that host plant choice correlates better with seed chemistry than host phylogenetic 

relatedness. 

 Bruchid beetles also exhibit a large number of ways to deal with mechanical 

defenses of their host plants (reviewed in Center & Johnson 1974). Certain bruchids 

avoid hard endocarps by ovipositing on pods that have not hardened yet (Johnson 1983). 

They avoid gums by delaying embryonic development until the gums have become 

hardened and sloughed off (Center & Johnson 1974). Other species have rapid 

development to avoid flaking (Center & Johnson 1974). Acanthoscelides fraterculus lays 
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its eggs in cracks beneath the flaking surface of Lotus crassifolius (Center & Johnson 

1974) and Acanthoscelides obtectus chews holes in Phaseolus vulgaris to avoid the 

flaking surface (Center & Johnson 1974). Lastly, some beetles chew holes on smooth 

pods to provide a surface for egg laying (Center & Johnson 1974). 

 Studies of legume seed predator communities have examined as many as six 

species of bruchid beetle feeding on the same tree species (Hopkins 1983), but most 

focus on  just two bruchid species (Siemens et al. 1991; Traveset 1991; Ryoo & Chun 

1993). Host plants studied include Prosopis velutina in Arizona (Swier 1974; Hoffmann 

et al. 1993; Kistler 1995), Parkia spp. in Brazil (Hopkins 1983), Acacia greggii and A. 

constricta in Arizona (Siemens et al. 1991), Acacia farnesiana in Costa Rica (Traveset 

1991), Vicia tenuifolia in Hungary (Szentesi et al. 2006), and Vigna spp. in laboratories 

(Giga & Smith 1991; Ryoo & Chun 1993; Vamosi 2005). These studies focus on two 

main questions: "how does interspecific competition affect fitness?" and "how can 

multiple species of seed predator co-exist on the same tree?" 

 The first question has two different answers, depending on the system examined 

and whether the study was conducted in the field or in the lab. Experimentally increasing 

the larval density of bruchids on a limited number of seeds results in higher mortality 

(Giga & Smith 1991; Ryoo & Chun 1993), lower adult weight (Giga & Smith 1991; 

Vamosi 2005), lower adult fecundity (Giga & Smith 1991; Vamosi 2005), and longer 

development (Ryoo & Chun 1993). Furthermore, temperature influences adult size 

(Stillwell et al. 2008), which influences both fecundity (Giga & Smith 1991) and flight 

ability (Moya-Laraño et al. 2007). These studies show strong competitive interactions 

with clear winners and losers, but field studies of these systems have failed to find 
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evidence of competitive interactions (Traveset 1991; Szentesi et al. 2006). The most 

obvious explanations are that in nature either:  

 1) species use different resources, 

 2) species vary in their spatial or temporal use of the same resource,  

 3) natural population densities are rarely high enough for competition to occur, 

 4) resources are so abundant that it limits competition, 

 5) species actively avoid one another (in conjunction with 3 and/or 4),  

 or 6) species are mutualists.  

 Niche partitioning is common in legume seed predator communities. Johnson 

(1981) categorized bruchids into three guilds that feed on legume seeds at different times 

and in different ways: species that only oviposit on the outside of seedpods, species that 

only oviposit on the inside of mature seedpods on the tree, and species that only oviposit 

on the outside of mature seedpods on the ground. Siemens et al. (1991) found that one of 

two bruchid species that feed on Acacia greggii seeds feeds more readily on an 

alternative host, A. constricta. Thus, A. constricta maintains source population, which 

allows the rare species to rebuild its population repeatedly on A. greggii despite the 

presence of a possibly superior competitor. Szentesi et al. (2006) also found evidence of 

niche partitioning among four co-occurring bruchids: one species mostly fed on an 

alternative host and one species oviposited more frequently in shaded patches. How the 

remaining species maintain populations on the same host plant is unresolved. Complete 

temporal and spatial overlap among several co-occurring bruchids is common (i.e. 

Traveset 1991), but the means by which these species coexist (if they indeed represent 

examples of stable coexistence) has not been well studied. An unmeasured niche axis 
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could differentiate these species or alternative mechanisms could explain coexistence. 

For example, trade-offs may exist involving differences in competitive ability, thermal 

tolerance, susceptibility to parasitism, fecundity, or dispersal ability (Giga & Smith 1991; 

Traveset 1991; Moya-Laraño et al. 2007).  

 Studies of the four bruchid species that feed on P. velutina Arizona find similar 

patterns as other legume seed predator systems. Swier (1974) first described this system 

in detail and found evidence for some niche partitioning. At the sites he studied, M. 

protractus specialize on immature pods, both M. amicus and N. arizonensis specializes 

on mature pods, and Algarobius prosopis attacks all pods. A. prosopis oviposits more 

frequently on pods at the top third of the tree, but differences within the other three 

species were insignificant. Swier (1974) also noticed that predation and parasitism rates 

varied across the four sites he surveyed and that trees with the most seeds did not have 

the greatest mortality from seed predators. He hypothesized that predator satiation must 

play an important role in determining seed predation rates in this system. Kistler (1995) 

continued this work by sampling ten trees almost weekly over a three-year period. He 

found N. arizonensis primarily within ground pods, adding to the temporal separation 

between species. He also found that temperature affected metabolic rates, longevity, 

development time, larval survivorship, and to a lesser extent fecundity of each species 

differently. Because fecundity is unrelated to species abundance in this system, he further 

surmised that differential mortality by extreme temperatures and probably parasitism 

determines abundance. Relative non-linearity might help explain coexistence if 

temperatures or parasitism rates vary enough among seedpods, but Kistler (1995) did not 

find that temperature optima differed much among three of the four species. Laboratory 
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investigations of bruchids in this system where multiple larvae compete over a single 

seed show a clear competitive advantage for the species most abundant in nature 

(Hoffmann et al. 1993; Impson & Hoffmann 1998). However, when Impson & Hoffmann 

(1998) gave the poor competitor a head start on the seed, it was able to exclude the other 

species, suggesting that dispersal may also play a key role in coexistence within this 

system. Patterns associated with stabilizing and equalizing processes that could explain 

coexistence in this community are the focus of this dissertation.   

 

Explanation of the dissertation format 

 The main goal of this dissertation is to describe patterns of abundance, diversity, 

and species composition for insect seed predator communities on mesquite plants 

(Prosopis spp.) over large spatial scales (from the southwestern United States to southern 

Mexico). I also examined five focal sites in detail over several reproductive events bi-

monthly over three years. I primarily used field observations and museum records to 

describe the phenology, distribution, and natural history of both the plant and insect 

species, some species for which little was previously known. I present this document in 

the form of five appendices. I formatted each appendix as an independent manuscript. 

Appendix A is a taxonomic revision of the North American Prosopis, section Algarobía. 

Appendix B describes the Prosopis seedpod arthropod community. Appendix C tests 

whether Prosopis populations undergo synchronous reproductive events. Appendix D 

tests for evidence of spatial and temporal niche partitioning among Prosopis seed 

predators. Appendix E examines spatial abundance patterns and oviposition behavior to 

hypothesize which mechanisms might facilitates species coexistence among seed 
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predators in this system. Appendix F compares herbarium records of Prosopis pubescens 

to surveys I conducted to measure the decline in geographical distribution and density of 

this species. 
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CHAPTER II: PRESENT STUDY 

 The methods, results, and conclusions of the research are presented in the six 

manuscripts appended to this dissertation. The following is a summary of the most 

important findings in this document. 

 In Appendix A, I examined the taxonomy of North American Prosopis section 

Algarobía because I wished to know whether different host plants have different insect 

communities. Taxonomists disagree on the number of species. I examined twelve key 

morphological traits from 137 populations and used comparative phylogeography of 

nominal Prosopis species and five insect taxa that feed exclusively on them to test the 

validity of nine species. Combined with other evidence in the literature, I differentiate at 

least eight evolutionary significant units among North American Prosopis species from 

section Algarobía. I speculate that numerous range expansions and contractions may have 

caused this section to have characteristics of both a recently evolved syngameon and an 

ancient lineage with multiple origins.    

 Appendix B describes the results of a survey of the arthropods found on 187 trees 

from North American Prosopis species, eight from section Algarobía and three from 

section Strombocarpa. I collected 113 species of arthropods among 315,174 individuals. I 

documented 25 large range extensions, 167 new host plant records, 16 new host records 

for parasitoids, and six species new to science. I provide an updated description of the 

known biology for each species of seed predator and parasitoid collected, as well as 

updated range maps, photos/illustrations, and charts of seasonal abundance. 

 Appendix C uses intensive phenological monitoring of five sites over three years 

to determine whether Prosopis trees within the same population reproduce 
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synchronously. Synchronous fruiting events are of interest because they may provide a 

hyperabundant and ephemeral resource for seed predators, thus stalling competitive 

exclusion by limiting competitive interactions. I found that populations flower 

synchronously, but peak flowering is offset for closely-related species found near one 

another. I hypothesize that staggered flowering periods limit hybridization, and that 

synchronous fruiting within populations reduced the ability of seed predators to 

overwhelm their hosts. In turn, this may lead to recruitment limitation of seed predators: 

an equalizing process that would facilitate coexistence in this system. 

 Appendix D examines the seed predator and parasitoid community over three 

years at the five sites described in Appendix C. I looked for abundance patterns expected 

from temporal niche partitioning, spatial niche partitioning, and apparent competition. 

For seed predators, I found that although abundance varied in space and time, rank 

abundance was consistent across all trees - a pattern referred to as a homogeneous 

competitive environment. This is significant because most of the mechanisms for species 

coexistence require a heterogeneous competitive environment.  Only two species were 

more abundant on green pods rather than dry pods on the tree or pods on the ground. For 

parasitoids, there is clear temporal niche partitioning with different species being 

abundant either only during certain months or only during certain fruit developmental 

stages. Finally, I found that parasitoid abundance fluctuates between Prosopis fruiting 

events and that no significant correlation occurs between parasitoid and seed predator 

abundance.  

 In Appendix E, I use arthropod community sampling over a large spatial scale, 

219 trees of eleven Prosopis species throughout the southwestern United States and 
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Mexico, to look for evidence of interactions among seed predator species. I measured 

mean seed mass and insect body mass in 28 bruchid populations belonging to eight 

species to test for a correlation between seed size and body mass. I found that community 

similarity corresponds more with host phylogenetic distance than with geographic 

distance and a positive correlation between seed size and body mass, both of which 

suggest that host species act as environmental filters for community composition. I found 

little evidence of positive or negative species interactions, suggesting that one or more 

equalizing processes associated with limiting competition facilitates coexistence. I found 

that one species of seed predator avoids laying eggs on already-occupied seeds, which 

supports the existence of active competition avoidance as an equalizing process in this 

system. I conclude that the regeneration niche hypothesis, recruitment limitation and 

laying eggs away from competitors are the coexistence mechanisms most consistent with 

the patterns revealed by this dissertation.  

 Appendix F focuses on a single species, Prosopis pubescens, and changes in its 

population. During surveys for my thesis, I noticed that this species has disappeared from 

many locations where it botanists historically found it. Using herbarium record and 

published surveys, I documented the absence of P. pubescens at 53% of 112 sites I 

surveyed. I theorize that human alteration of riparian areas is the likely cause of decline 

in this species, which is now found primarily on undeveloped, protected land.  
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Table 1. Various mechanisms proposed to explain stable coexistence. I coded violations of the competitive exclusion principle after 

Palmer (1994) and Wright (2002) as follows: (1) resources vary temporally and/or spatially within environment, (2) rare species have 

a fitness advantage, (3) multiple resources limit population growth, (4) competitive interactions are limited/prevented, (5) time is 

insufficient for exclusion, and (6) species immigrate between patches. I did not include hypotheses that lack both theoretical and 

empirical support, such as circular interference networks and cyclic succession (see Wilson 2011). I listed processes as stabilizing or 

equalizing according to Chesson (2000). I coded most expectations for easier differentiation of hypothesis as follows:  (E) spatial 

environmental patchiness, (T) temporal environmental fluctuation, (H) homogeneous competitive environment, (h) heterogeneous 

competitive environment, (η) no competition, (C) equal colonization abilities allowed, (c) unequal colonization abilities, (P) 

preemptive competition allowed, (p) no preemptive competition, and (N) negative density dependence. Various forms (e.g. lowercase 

vs. uppercase) of the same letter represent incompatible patterns (e.g. a competitive environment cannot be both homogeneous and 

heterogeneous). Additional patterns are included where useful. Empirical support is meant to be relative just to give a general 

comparison between terrestrial arthropods and plants and is based on several reviews (Wright 2002; Amarasekare 2003; Andersen 

2008; Logue et al. 2011; Wilson 2011). "Growing" support refers to mechanisms hypothesized to be important despite only a handful 

of studies providing empirical support. 
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Violation of 
Competitive 
Exclusion 
Principle 

Mechanism for Coexistence 
Process 
Type 

Expected Patterns 
Support in 
Plants 

Support in 
Arthropods 

none competitive exclusion via alpha-niche differentiation 
1) separate niches AND no competition OR                            
2) niche overlap AND unstable coexistence 

strong strong 

1, 6 
regeneration niche via environmental fluctuation  
(successional niche; allogenic disturbance;  
replacement competition; gap dynamics)  

E, T, H, C, P strong occasional 

1, 2, 6 spatial storage effect (lottery model) via source-sink dynamics E, h, C, P growing growing 

1, 2, 6 temporal storage effect (lottery model) via environmental fluctuation T, h, P, C, overlapping generations strong weak 

1 relative non-linearity via environmental fluctuation T, h, P weak weak 

1, 3 relative non-linearity via resource supply ratios E, h, P weak weak 

1, 5, 6 interspecific life history trade-offs via environmental fluctuation E, T, h, P strong strong 

1, 5, 6 
interspecific competition-colonization trade-offs  

via environmental fluctuation 
E, T, H, c, P understudied weak 

1, 2 
natural enemy pressure  

(Janzen-Connell hypothesis, apparent competition) 
E, N, h, P strong occasional 

2 compensatory mortality N, h, P understudied understudied 

1 
initial patch composition (heteromyopia)                                                  

mediated by allelopathy or natural enemies 

stabilizing 

E, h, p, interspecific competition occurs   
over shorter distances than intraspecific 
competition 

weak understudied 

1, 6 spatial mass effect (source-sink dynamics) 
E, h, c, p, evidence of sources and sinks 
based on population growth rates & 
colonization, no saturation 

understudied understudied 

4 species are mutualists η occasional weak 

4 low population densities 
η, p,  
species fitness is unaltered by competitor(s) 

understudied  weak 

4, 5 recruitment limitation H, p, η weak growing 

4, 5 active avoidance η, p NA understudied 

5 spatial inertia (aggregation) E, large population size weak weak 

5 temporal inertia E, long-lived species weak weak 

5 neutrality (equal chance) via stochastic population shifts H, P, equal competitors weak weak 

5 intermediate disturbance 

equalizing 

T, H, p weak weak 
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The number of species within Prosopis section Algarobía is unresolved. Evidence of 

frequent hybridization between species, plasticity of morphological traits, and a lack of 

genetic differentiation has caused taxonomic confusion. I tested the validity of nine of 

eleven described North American species using a PCA, DFA, and cluster analysis of 

thirteen key morphological traits from 137 localities, and used phylogeography to 

compare the geographical ranges of Prosopis species with those of five insect taxa that 

feed on them almost exclusively. Statistical analyses support the existence of at least five 

species and fail to differentiate P. yaquiana from P. odorata. Phylogeographic and 

cluster analyses lend some support to the statistical analyses. Combined with other 

evidence in the literature, I conclude that this taxon is not a syngameon and that it may 

have evolved through a series of range expansions and contractions that occasionally 

disrupted reproductive isolation. 
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INTRODUCTION 

 Considerable disagreement remains as to the definitions of species within the 

genus Prosopis, especially in North America, and this controversy has led to a great deal 

of taxonomic confusion. Burkart (1976) divided the genus into five sections. The section 

that has generated the most debate is Algarobía, which currently includes six North 

American and twenty-four South American species. These species hybridize readily 

(Hunziker et al., 1986; Vega & Hernández, 2005), though evidence for hybridization of 

North American species has been limited to morphological intermediates (Solbrig et al., 

1977; Palacios, 2006). Species cannot be differentiated using flavonoids (Solbrig et al., 

1977) or isozymes (Solbrig & Bawa, 1975). There are very few population-level genetic 

studies of the species complex, but even these fail to differentiate even undisputed 

species (Bessega et al., 2000b; Juárez-Muñoz et al., 2002). Morphological studies have 

had mixed results in their ability to identify species where their ranges overlap (Hilu et al. 

1982; Palacios, 2006; Lucio, 2009). For these reasons, some taxonomists have even 

considered this clade to be a large collection of morphologically diverse inbreeding 

populations that belong to the same species known as a "syngameon" (Bentham, 1875; 

Hultine, 2001; Earl, 1999 unpublished). More recently, Palacios (2006) divided the North 

American species into eleven morphologically and geographically distinct species (see 

Table 1). Several taxonomists have not accepted this revision and consider it oversplitting 

(Felger, pers. comm.). In this study, I investigated whether North American populations 
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of Prosopis section Algarobía form morphologically and geographically distinct units 

that correspond to previously described species. 

   When reproductive isolation is clear between species, species boundaries are also 

clear (Mayr, 1942). Recently diverged species pose a challenge to taxonomists because 

these species may continue to occasionally interbreed, overlap geographically, and fail to 

form morphologically or genetically distinct populations (reviewed by Sites & Marshall, 

2003). Some modern methods for species delimitation of incipient species therefore favor 

morphological and geographic data over genetic data because of introgression and/or 

incomplete lineage sorting (Templeton, 2001; Wiens & Penkrot, 2002; Dayrat, 2005). 

Most species within the North American Algarobía clade split <5 Ma (Catalano et al. 

2008), which may be why defining species with the group has been so difficult.  

 Comparative phylogeography uses concordant patterns in species ranges to 

elucidate common histories between unrelated taxa (da Silva & Patton, 1998; Brunsfeld 

et al., 2001; Lapointe & Rissler, 2005). Because physical reproductive barriers should 

affect the evolution of co-occurring species in a similar manner, the species boundaries of 

one taxon may correspond to the distributional patterns of many more (da Silva & Patton, 

1998; Wiens & Penkrot, 2002; Dayrat, 2005). In the case of phytophagous insects or 

parasites, the barrier may be host differences. Nadler et al. (1990) provided a classic 

example; different species of gophers have different species of lice and the phylogenies 

of each are concordant. Similarly, Lapointe & Rissler (2005) found that nine unrelated 

taxa in California share common geographic signals. Here I use the range of five insect 

taxa, known to feed primarily on Prosopis, along with the historic phylogeography 

described for the southwestern United States and Mexico (Marshall & Liebherr, 2000; 
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Devitt, 2006; Morrone, 2006; Escalante et al., 2010), to test whether the geographical 

boundaries of these insect taxa correspond to boundaries between described Prosopis 

species.  

 Morphological differences between species are not simply a means of 

classification; they are tools for field workers to easily differentiate species in the field. 

Unfortunately, morphological studies of North American Prosopis have found that, 

although species cluster together, single characters tend to be unreliable in species 

identification (Graham, 1960; Solbrig et al., 1977; Lucio, 2009). For example, Lucio 

(2009) found that hybrids between P. laevigata and P. glandulosa erroneously key out as 

P. odorata. In this study, I measured morphological traits from across the range of North 

American Prosopis section Algarobía to find suites of characters that will aid in species 

identification.  

 

METHODS 

 I selected thirteen morphological traits for analysis: leaflet vestiture, pod vestiture, 

number of leaflets per pinna, leaf petiole length, largest leaflet length, largest leaflet 

width, leaflet shape (truncate, obtuse, or lanceolate), leaflet tip shape (mucronate or not), 

pod coloration (the relative amount of purple to yellow coloration), pod length, pod 

curvature (see Fig. 1), beadedness (the ratio of thickest to thinnest part of the dorso-

ventral seed pod, as in Solbrig et al. (1977)), and thickness (the widest part of the lateral 

pod). Some traits were not measured because other studies (Solbrig et al., 1977; Hilu et 

al., 1982; Lucio, 2009) found them to be highly plastic, strongly correlated with traits I 

measured, or otherwise unimportant in differentiating species (Palacios, 2006). These 
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traits included leaf length, pinnae length and width, # of pinnae pairs, distance between 

5th and 6th leaflet, petiole pubescence, leaf edge (wavy or not), and the number of nodes 

with more than one leaf/total number of nodes. I measured all traits in the field on 

individual trees from throughout the range of nine of the eleven species proposed by 

Palacios (2006) (see Fig. 2). I measured each trait three times from different parts of the 

tree and averaged them. I identified species using consensus with Palacios (2006) on a 

majority of traits. I assessed the ability of the measured traits to differentiate nominal 

species using principal components analysis (PCA), discriminate function analysis 

(DFA), and hierarchical cluster analysis using mean linkage clustering (UPGMA) and 

Euclidian distance metrics in SYSTAT 13. I could not use formal methods of tree-based 

species delimitation as described in Sites & Marshall (2003) because I rarely measured 

traits from multiple trees per locality. 

 I also tested assumptions for each analysis in SYSTAT 13. These include a 

Pearson correlation tests for multicollinearity, quantile plots used to test for normality, 

and a Bartlett's test of equal variance. For the DFA, the sample size of the smallest group 

should be larger than the number of predictor variables (Tabachnick and Fidell 2012), 

which in this case was thirteen. Unfortunately, I was only able to collect data from two or 

three trees for three species, I collected P. laevigata data from twelve trees, and I 

collected P. yaquiana data from thirteen trees. Therefore, I ran all three analyses with and 

without the three most under-sampled species to see if they have a strong influence on the 

results. 

 I chose five taxa of insects to make geographic comparison between Prosopis 

hosts and their associates. These taxa were chosen because they include multiple species 
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that feed almost exclusively on Prosopis, are likely sister taxa, and have been collected 

frequently enough to generate realistic distributional maps. Table 2 lists the taxa chosen. 

They include external pod feeders (Thasus and Mozena), seed predators (Algarobius), 

folivores (Phymatopsallus), and florivores (Sibinia setosa). The genus Algarobius 

provides two clades that can be analyzed separately, one that includes A. prosopis, A. 

johnsoni, and A. atratus, and another that includes A. bottimeri and A. nicoya (Kingsolver 

2004). Some included species have been recorded on plants other than Prosopis: M. 

lunata (Burmeister) and M. lineolata (Herrich-Schäffer) rarely on Acacia (Schaefer & 

O'Shea, 1979) and Phymatopsallus patagoniae Knight, P. rinconae Knight, and P. 

tuberculatus (Van Duzee) rarely on Acacia and other plants (Schuh, 2006). I excluded T. 

acutangulus (Stål) because although Schaefer and O'Shea (1979) recorded it on P. 

glandulosa, Brailovsky et al. (1994) consider Pachylis laticornis its main host. I also 

excluded M. hector Van Duzee because museum records indicate that its range is limited 

to Tiburón Island, Baja California Norte. 

 To generate distributional maps of plants and insects, locality records were 

amassed from online databases (bugguide.net, calphotos.berkeley.edu, gbif.org, 

tropicos.org, sbcollections.org/cbp/cbpdatabase1.aspx, scan1.acis.ufl.edu, 

swbiodiversity.org), herbaria (Arizona State University Vascular Plant Herbarium, 

University of Arizona Herbarium, University of Texas Herbarium), published records 

(Ruckes, 1955; Kingsolver, 1972; Clark, 1978; Kingsolver, 1986; Brailovsky et al., 1994; 

Johnson & Siemens, 1997; Cuda & DeLoach, 1998; Lucio, 2009; Salas-Araisa et al., 

2001; Forbes & Schaefer, 2003; Schuh, 2006), and personal observations. Species 

identity was often problematic for Prosopis records because of synonymy. I excluded all 
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records from localities where two or more Prosopis species are sympatric and I doubted 

identification. In order to visualize patterns of bordering ranges more clearly, I generated 

a geometric shape for the range of each species from point records in ArcMap 10.1. I did 

this using an algorithm that attached each point to all points within 300 km of it. I left 

points that had only one or no point meet this criterion unattached. The web of lines 

created a shape that I filled in to create the shape of the range for each species. I used 300 

km because smaller distances created too many disjunct shapes and larger distances failed 

to show any disjunctions. Choosing a different distance did not alter the interpretation of 

any ranges.  

 

RESULTS 

 Nominal species formed distinct clusters within the PCA (Fig. 3) based on the 

morphological traits measured (Table 3). The PCA explained 45.46% of the variance in 

the first two principal components. P. velutina and P. mezcalana form a cluster away 

from the others, defined by many leaflets per leaf; short, pubescent leaflets; and short, 

pubescent pods. P. articulata forms a second cluster that overlaps with P. tamaulipana, 

defined by short petioles; short, pubescent leaflets that lack a mucronate tip; and beaded 

pods. P. glandulosa forms a third cluster that overlaps a bit with P. odorata, defined by 

few leaflets per leaf; short petioles; and long, lanceolate leaflets. P. laevigata forms a 

fourth cluster, defined by many leaflets per leaf, short leaflets, and short pods. The final 

cluster is in the center of the axes and includes P. odorata, P. yaquiana, and P. mayana 

with some overlap with P. tamaulipana and P. glandulosa. All characters had low linear 

correlation values, 0.62 being the highest (between leaflet length and leaf petiole length).   
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  The DFA results were very similar to those of the PCA. The DFA correctly 

identified 96% of species: errors included one P. odorata sample misclassified as P. 

yaquiana and both a P. glandulosa sample and two P. odorata samples misclassified as 

P. mayana. The jackknifed classification matrix (Table 4) correctly identified 91% of 

samples correctly. Leaflet shape, leaflet tip shape, pod vestiture, and petiole length were 

the traits that discriminated species most clearly (Table 5). Removing the three species 

with the lowest sample sizes did not change the results for the PCA or DFA. 

 Unlike the other analyses, the cluster analysis did a poor job of discriminating 

putative species (Fig. 4). Removing characters that are adding noise to the analysis can 

improve results, so I removed the five characters that both the PCA and DFA ranked as 

poor at differentiating species based on short vector lengths, low F-to-remove values, and 

low standardized canonical discriminate coefficients (Table 5): beadedness, thickness, 

color, and curvature of pods, as well as length of leaflets. This resulted in clusters slightly 

more aligned with the DFA and PCA (Fig. 4, lower diagram). For example, P. 

glandulosa forms two clusters and P. laevigata samples are almost all within the same 

cluster, but overall, the dendrograms do not correspond well with putative species.  

 In order for the above tests to be valid, they must meet several assumptions. For 

example, all continuous characters must be normally distributed. This is true for all but 

one character, leaflet width, which has a staircase frequency pattern indicative of a 

discrete multi-state character. The PCA and DFA should therefore both be robust tests 

despite some low sampling (Hill & Smith 1976; Tabachnick and Fidell 2012). Removing 

the three species with very small sample sizes did not change the results for the PCA or 

DFA, however the small sample sizes also make these analyses of little use in 
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deciphering the taxonomic status of these species. A second assumption for the 

continuous characters is equal variance. Even when I removed the three undersampled 

taxa, seven of the eight continuous variables failed the Bartlett's test of equal variance. 

Leaflet number per pinna was the one trait that passed. The range in character values 

varies much among species. For example, P. articulata has a very small petiole length 

range for (3 mm), P. yaquiana has a much larger range (34 mm), and P. glandulosa has 

the largest range (83 mm) (See Table 3). This does not correspond directly with sample 

size. This means that tests of significance for the DFA, such as Wilks's lambda, are 

unreliable. Lastly, I want to point out that all tests are highly dependent on outliers and 

that no character values were obvious outliers in the dataset. None of these issues 

completely invalidate any of the analyses, but they highlight the need for larger sample 

sizes to improve predictive power. 

 The ranges of nominal Prosopis species found in this study were similar to 

Palacios (2006) in Mexico and Simpson & Solbrig (1977) in the United States (Fig. 5A). 

Range expansions include P. articulata further north in Sonora; P. tamaulipana further 

inland in Tamaulipas; P. glandulosa further south into Zacatecas, further southwest into 

Chihuahua, and further southeast throughout Tamaulipas; and P. yaquiana further north 

in Sonora. I show the split between P odorata and P. glandulosa as being less clear than 

did either Palacios (2006) or Simpson & Solbrig (1977). However, the abundance of 

these species is not the same in this zone of overlap: P odorata is far more common than 

P. glandulosa in New Mexico, Chihuahua, and Coahuila while P. glandulosa is more 

common in western Texas. 
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 The boundary between five pairs of sister species of insects examined 

corresponds closely with the boundary between certain Prosopis species (Fig. 5B-F). The 

boundary between Thasus species corresponds to the boundary between P. laevigata and 

P. odorata / P. yaquiana, as does the boundary between A. prosopis and A. johnsoni. The 

boundary between M. obtusa/M. lunata and M. arizonensis correlates with the boundary 

between P. glandulosa and P. odorata/P. velutina. The boundary between the two 

subspecies of S. setosa correlates with the boundary between P. glandulosa and P. 

odorata. Several species (M. arizonensis, P. tuberculatus, and A. prosopis) are found 

across the range of both P. odorata and P. yaquiana, which does not support the 

separation of these two species. Though the range of A. bottimeri closely resembles that 

of P. glandulosa, its closest relative, A. nicoya, ranges too far to the south of it to create 

an informative boundary between species. Similarly, although the range of A. nicoya is 

strikingly similar to P. vidaliana, it is frequently found inland within the range of P. 

laevigata.  

 Of the 22 observations of insects far outside the range of their host species (see 

Table 6), 20 were far from the main range of insect species and may therefore represent 

misidentifications or erroneous locality data. For example, Schaefer and O'Shea (1979) 

list T. gigas, M. arizonensis, and M. lineolata as feeding on P. glandulosa, but none of 

these insects overlaps its range with P. glandulosa. The records for T. gigas and M. 

lineolata are likely P. laevigata and the record for M. arizonensis is probably of P. 

odorata or P. yaquiana. The two remaining records belong to A. prosopis and A. nicoya. 

The record for A. prosopis from southern San Luis Potosi is far from the known range of 

P. glandulosa, but close to other records of A. prosopis and therefore unlikely to be an 
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error. The record for A. nicoya from Sonora is similarly far from the known range of P. 

vidaliana, but close to others of A. nicoya.  

 

WHICH SPECIES ARE "GOOD" SPECIES?  

 Based on my PCA and DFA, eight of the nine species I collected separate into 

well-defined clusters identifiable using a combination of morphological traits. These 

species also have distinct, cohesive geographical ranges with breaks seen in other taxa. 

The cluster analysis does not support any species well, but this may be due to the small 

number of characters I chose. The division between P. yaquiana and P. odorata is not 

supported by any evidence provided here, though I did not include an important 

morphological trait used by Palacios (2006), the wavy margin of leaflets, in my analyses 

because I found the trait to be difficult to measure. The division, both between P. juliflora 

and P. mayana, and between P. mezcalana and P. laevigata, are unclear because of I 

collected very few samples of P. mayana and P. mezcalana. 

 The lack of agreement from one of the three morphological analyses is 

problematic. The difference in trait variance between species may be the reason for the 

discrepancy. The cluster analysis is particularly sensitive to traits that are highly plastic 

within species, even if that plasticity is limited only a few species. This, combined with 

the small number of characters used, may explain why the cluster analysis changed so 

dramatically when I removed traits or species. However, this does not invalidate the 

results of the cluster analysis. Of the three tests, it is the most conservative. The DFA is 

the most informative in its choice of useful morphological traits, rather than its ability to 

correctly discriminate species. I am most confident in the PCA results because, like the 



 95 

cluster analysis, it does not use a-priori species labels, but it is less sensitive than the 

cluster analysis to traits with variable plasticity. 

 Overall, evidence supports P. articulata as distinct from other Prosopis species 

despite occasional hybridization. The range of P. articulata overlaps broadly with that of 

P. yaquiana in Baja California and with P. velutina, P. odorata, and P. yaquiana in 

Mexico. The southern end of its range ends in Sinaloa where the northern end of the 

range of P. vidaliana begins. Palacios (2006) found two morphological hybrids with P. 

yaquiana and one with P. velutina. Genetic evidence suggests and P. articulata is more 

closely related to P. laevigata than the species it is sympatric with (Bessega et al., 2006) 

and that it may not form a clade with other North American species (Catalano et al., 

2008). Martinez (1984) put this species in a separate series (subsection) from P. juliflora, 

P. glandulosa, P. laevigata, and P. velutina based on leaflet morphology. My PCA and 

DFA of morphological traits show it to be distinct from all sympatric species, with P. 

tamaulipana and P. laevigata being the most similar morphologically.  

 Palacios (2006) split P. juliflora into P. juliflora, P. mayana, and P. vidaliana. P. 

juliflora is also native to the Caribbean, Central America, Columbia, and Ecuador where 

it may represent different species than those in Mexico (Pasiecznik et al., 2001). The 

species complex is distinct from other Prosopis species in having a higher ploidy level 

(Trenchard et al., 2008). Palacios (2006) found twelve cases of hybridization between P. 

vidaliana and P. laevigata and van Klinken & Campbell (2001) recognized hybridization 

between P. juliflora and P. velutina in Australia where they are unnaturally syntopic. 

Phylogenies that include the P. juliflora complex use individuals from South America 

(Bessega et al., 2006; Burghardt & Espert, 2007) or do not give details about the location 
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of specimens analyzed (Catalano et al., 2008). It is difficult to compare phylogenies that 

do not include the same taxa, but P. juliflora has been placed near P. velutina with low 

support (Burghardt & Espert, 2007), near South American species (Bessega et al., 2006; 

Burghardt & Espert, 2007; Catalano et al., 2008), near P. articulata with low support 

(Catalano et al., 2008), and near P. glandulosa with high support (Catalano et al., 2008). 

Juárez-Muñoz et al., (2002) found that a population of P. vidaliana (recorded as P. 

juliflora) was genetically distinguishable from populations of P. glandulosa and P. 

laevigata (Juárez-Muñoz et al., 2002). I was able to collect very little morphological data 

for this complex, though the few specimens I did collect clustered with P. odorata and P. 

glandulosa rather than P. laevigata in the PCA. I conclude that there is good genetic 

support for the separation between the P. juliflora complex and P. laevigata despite 

frequent hybridization, but that more genetic and morphological evidence will be 

necessary to cement their separation. 

 Morphological differences (Palacios, 2006) and geographic isolation are the only 

evidence that the P. juliflora complex is composed of more than one species. I was 

unfortunately only able to collect data on P. mayana for analysis, so I cannot add further 

evidence of the morphological distinctiveness of any of these species. The nearest record 

of P. vidaliana is 533 km from that of P. mayana, creating a large gap between these 

species. There are no records of any Prosopis in Tabasco or Campeche and only one 

record from Chichankanab, Quintana Roo identified as P. laevigata which is probably 

either an error or an introduced population. The distance between the nearest P. juliflora 

and P. mayana is just 68 km. It is worth noting that several species of insect that I 

examined have ranges that are very similar to these species. The range of A. nicoya 
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correlates with that of P. vidaliana, though it has been recorded feeding on other 

Prosopis species (Table 6). The range of M. pallisteri Ruckes also correlates with P. 

vidaliana, but is based on only six records. I excluded M. pallisteri from analysis because 

its host plant is unknown. Another species I excluded, M. gaumeri Distant, is only known 

from two locations: one within the range of P. mayana, and one nearby outside the range 

of Prosopis. Further data on these species may provide some evidence for insects that 

have specialized on these nominal species.  

 There are few studies that include P. tamaulipana. It has a small range compared 

to most other species, being almost completely confined to the state of Tamaulipas. A 

large portion of its range overlaps with P. laevigata and P. glandulosa, but P. 

tamaulipana is far more common in this area than the other two (pers. obs.). Palacios 

(2006) and Lucio (2009) note hybridization with P. glandulosa. The three samples in my 

PCA do not cluster with P. glandulosa, but they do overlap with P. laevigata. Catalano et 

al. (2008) included this species in their phylogenetic analysis and found it in a clade with 

P. juliflora and P. glandulosa, though P. laevigata was not included in their analysis. In 

summary, P. tamaulipana and P. glandulosa likely share a recent common ancestor, but 

they are morphologically distinct from one another. 

 Located throughout much of south-central Mexico, P. laevigata has a range that 

overlaps with four species (plus P. mezcalana discussed below). It overlaps with P. 

odorata, P. glandulosa, and P. tamaulipana at the northern end of its range in Zacatecas, 

Coahuila, Nuevo Leon, San Luis Potosi, and Tamaulipas and with P. vidaliana in a few 

spots along the southern edge of its range, but it rarely inhabits the coast where P. 

vidaliana predominates. Palacios (2006) found hybrids between P. laevigata and all four 
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species with which it is sympatric, but Galindo-Almanza et al. (1992) found partial 

incompatibility with P. odorata. Lucio (2009) did the only other large morphological 

study with P. laevigata, which included measuring seventeen morphological characters of 

Prosopis throughout Nuevo Leon. He found that single characters often misidentified 

hybrids between P. laevigata and P. glandulosa as P. odorata, but that cluster analysis 

using all characters clearly distinguished P. laevigata, P. glandulosa, and hybrids 

between the two. He found that leaflet length and the ratio of length/width of leaflets both 

in the middle and the distal end of the pinnae were the most useful characters for 

differentiating the two species. I found that P. laevigata forms a unique cluster in PCA 

and is morphologically intermediate between P. articulata and the P. glandulosa 

complex. Only the phylogeny of Bessega et al. (2006) includes P. laevigata, placing it 

near P. articulata with low support. Solbrig et al. (1977) found no difference between P. 

laevigata and P. glandulosa or P. velutina based on isoenzymes. At least three insect 

species examined appear specialized on P. laevigata and all three have sister species that 

are probably specialized on P. glandulosa. In summary, there is strong evidence that P. 

laevigata is a separate species from P. odorata, P. glandulosa, and P. tamaulipana, but   

little data available to split it from P. vidaliana. 

 Palacios (2006) described a new species, P. mezcalana, believed to be a recent 

split from P. laevigata. P. mezcalana is restricted to riparian areas along the Río Balsas, 

Río Mezcala, and Río Tepalcatepec within a small portion of the range of P. laevigata. 

Genetic and phylogenetic studies have not included this species, but it is very distinct 

morphologically. It is essentially a dwarf form of P. laevigata with smaller pinnae, fewer 

leaflets, and very small seed pods. I was only able to collect insect community samples 
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from three trees, but no insects found on P. mezcalana were exclusive to it. Elucidating 

the taxonomic status of this species will require a more detailed study of its relationship 

to P. laevigata. 

 Johnson (1962) described three varieties of P. glandulosa: P. glandulosa var. 

glandulosa in the east, P. glandulosa var. torreyana in the west, and a dwarf form in 

Texas, P. glandulosa var. prostrata. Palacios (2006) elevated P. glandulosa var. 

torreyana to species status, calling it P. odorata, split P. odorata into northern, inland 

and southern, coastal species, calling the southern form P. yaquiana. P odorata overlaps 

with P. glandulosa widely from southern New Mexico to northern Zacatecas and San 

Luis Potosi. It overlaps only rarely with P. yaquiana along the coast of Mexico. Palacios 

(2006) only described hybrids between P. glandulosa and P. odorata. My PCA showed a 

fairly clear division between P. glandulosa and P. odorata, but not between P. odorata 

and P. yaquiana. The DFA had some trouble splitting P. odorata from P. yaquiana, and 

the cluster analysis also often grouped the two together. Furthermore, two insect species 

feed on P. glandulosa and have sister species that feed on P. odorata, but 4/5 insect 

species that feed on P. yaquiana also feed on P. odorata. The one species that feeds on P. 

yaquiana and not P. odorata is A. nicoya, whose main host is P. vidaliana and whose 

closest relative, A. bottimeri feeds mostly on P. glandulosa but has also been recorded on 

P. odorata. Therefore, there is good evidence for the separation of P. glandulosa and P. 

odorata into separate species, but little evidence for P. yaquiana being distinct from P. 

odorata. 

 The best studied controversy in North American Prosopis taxonomy is between 

the P. glandulosa complex and P. velutina. P. velutina has a range that is contained 
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completely within that of P. odorata and barely reaches the western extent of P. 

glandulosa in New Mexico or the northern ranges of P. articulata and P. yaquiana in 

Sonora. P. velutina hybridizes naturally with P. articulata and P. odorata (Palacios, 

2006) and with P. glandulosa in Australia (van Klinken & Campbell, 2001). P. velutina 

is indistinguishable from P. glandulosa based on flavonoid contents (Solbrig et al., 1977), 

isozymes (Solbrig et al., 1977), or RAPD markers (Bessega et al., 2000b). Hilu et al. 

(1982) compared fifteen morphological traits of P. velutina to P. odorata from four and 

22 populations respectively in CA, NV, and Yuma, AZ. They not only found that 

distinguishing the two species was relatively easy, but that certain populations within 

species were morphologically distinct. Leaf pubescence alone separated the two species, 

but four other characters also helped to differentiate the two with low variation. Solbrig et 

al. (1977) examined morphological differences between P. velutina and P. glandulosa 

along a transect from Fort Hancock, TX to Yuma, AZ and found a gradient in leaf and 

leaflet size, leaflet number, and pod thickness. The traits they used easily distinguished 

the two species into separate clusters. These results agree with mine that P. velutina is 

morphologically distinct from the P. glandulosa complex. Phylogenetic analyses place P. 

glandulosa in a clade with P. tamaulipana and P. juliflora (Catalano et al., 2008), distant 

from P. velutina (Burghardt & Espert, 2007; Bessega et al., 2006), P. articulata (Bessega 

et al., 2006; Catalano et al., 2008), and P. laevigata (Bessega et al., 2006). I found no 

species of insect that feeds on P. velutina and not P. odorata. 

 Ultimately, the combined evidence emphasizes the need for future work on this 

species complex. Larger samplings of taxa, especially P. vidaliana, P. mayana, P. 

mezcalana, P. juliflora, and P. tamaulipana are needed to better understand 
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morphological variation within these putative species. Population-level phylogenetic 

studies that include all North American taxa can determine whether these ranks are 

monophyletic groups and how many different lineages migrated to North America to 

form the current species. Mottura (2006) has also developed microsatellites that may 

prove very useful for species-level differentiation of Prosopis species and analysis of 

their molecular evolution. 

 

BIOGEOGRAPHIC CONSIDERATIONS 

 The historic biogeography of the North America supports many of the species 

defined by Palacios (2006). Boundaries between these species correlate with reproductive 

barriers known for other taxa. Barriers include the Sierra Madre Occidental (Marshall & 

Liebherr, 2000; Morrone, 2006; Escalante et al., 2010) that divides P. odorata from P. 

glandulosa, the Sierra Madre Oriental (Morrone et al., 1999), that divides P. glandulosa 

from P. tamaulipana (though there has been some recent expansion of P. glandulosa into 

the range of P. tamaulipana), the Sierra Madre del Sur (Devitt, 2006; Escalante et al., 

2010; Morrone, 2010) that divides P. laevigata from P. vidaliana and also defines the 

boundary between Nearctic and Neotropical Provinces, and the Río Fuerte and Sierra 

Barabampo in northern Sinaloa (Morrone et al., 1999; Devitt, 2006) that divide P. 

vidaliana from P. yaquiana and P. articulata. Species within the Yucatan have high 

levels of endemism and often have Caribbean affinities (Morrone et al., 1999; Morrone, 

2006) as do P. juliflora and P. mayana. The division between the Altiplano Norte and 

Altiplano Sur Provinces defined by Morrone et al. (1999) based on plant, insect, and bird 

endemicity matches the division between P. laevigata and P. glandulosa.  
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 The taxonomic problems associated Prosopis section Algarobía within North 

America may be due to the opportunity for hybridization between incipient species 

repeatedly varying. The species complex is very old and has been in the United States 

since at least 56-65 Mya (Pie1, 1971) and in Mexico since at least 23-34 Mya (Magallón-

Puebla & Cevallos-Ferriz, 1994). Extant North American species may have evolved from 

these extinct species or they may have come from South American colonists. Their exact 

origin is unknown, but the chronogram by Catalano et al. (2008) suggests they started 

radiating <5 Mya and that most species are much younger than that. The major 

biogeographic provinces of western North America formed after 30 Mya (Devitt, 2006), 

but it was probably not until the shift 1.8 Mya to a wetter, cooler climate that the ranges 

of North American Prosopis species contracted and adaptive radiation began (Catalano et 

al., 2008). Refugial populations would have expanded and recombined during the warm 

interglacial that began 11,000 BP, which could explain the high genetic diversity within 

species (Solbrig et al., 1977; Bessega et al., 2000a; Juárez-Muñoz et al., 2002). Though 

continued introgression is common between even distantly related Prosopis species, it is 

more likely that incomplete lineage sorting due to a recent origin, recent rapid population 

expansions, and low rates of selfing are the main cause of the genetic similarity between 

Prosopis species (Bessega et al., 2000a, b).  

 

USING MORPHOLOGY TO IDENTIFIY SPECIES 

 Another outcome of this study is a set of morphological characters that to reliably 

identify most of the North American species of Prosopis described by Palacios (2006). 

Table 3 provides many non-overlapping morphological characters among species. Given 
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that a few seed pods often remain on trees for the entire year (pers. ob.), the traits of the 

fruits and leaves that I use should be easy to measure on most trees. Though there is a 

great deal of phenotypic plasticity among many Prosopis features (Solbrig et al., 1977; 

Hilu et al., 1982; Lucio, 2009), I believe the traits I selected in this study are reliable for 

species diagnosis.    
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FIGURE CAPTIONS 

 

Fig. 1. Mesquite seed pod showing how I measured "pod curvature". 

 

Fig. 2. Map showing where I collected samples for the morphological analysis. I sampled 

throughout the range of the nine species examined (see Fig. 4A) with four notable 

exceptions. I only collected P. tamaulipana data from one site, though the range of this 

species is small. I did not collect in the central range of P. laevigata, but did collect from 

the northern and southern most populations. I did not collect from the southern range of 

P. odorata and P. glandulosa in northern Mexico. 

 

Fig. 3. The principal components analysis showed five clear species clusters. Samples for 

P. tamaulipana, P. mezcalana, and P. mayana are probably too few to help resolve their 

species status. I abbreviated species as "a" (P. articulata), "g" (P. glandulosa), "l" (P. 

laevigata), "m" (P. mayana), "o" (P. odorata), "t" (P. tamaulipana), "v" (P. velutina), "v" 

(P. yaquiana), and "z" (P. mezcalana). The right panel shows the trait vectors, which I 

plotted separately for clarity.   

 

Fig. 4. A. The Cluster analysis for both the entire set of morphological data (above) and 

with the four weakest characters removed (below). For the most part, bars (representing 

species samples) do not cluster together. The reduced dataset does a slightly better job at 

clustering putative species. 
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Fig. 5. A. Map of the ranges of the eleven species described by Palacios (2006) based on 

museum records. The ranges of several species of Prosopis correspond to the ranges of 

insects that feed on Prosopis (B-F), though not all insect taxa examined support species 

designation within Prosopis (the genus Phymatopsallus for example - panel D). I did not 

include record of hybrids between S. setosa subfaciata (synonymous with S. sulcatula) 

and P. s. puella in F, though they would fill the gap between two subspecies in eastern 

New Mexico and western Texas (Clark, 1978). 
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Fig. 1  



 114 

Fig. 2.  
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Fig. 3.  
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Fig. 4.
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Fig. 5.  
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Table 1. Three different classifications of North American Prosopis section Algarobía. 
Species sampled in this study are marked with an asterisk. 
 
Betham (1875) Burkart (1976) Palacios (2008) 

P. articulata *P. articulata 

P. juliflora 

P. vidaliana P. juliflora 

*P. mayana 

*P. laevigata 
P. laevigata 

*P. mezcalana 

P. tamaulipana *P. tamaulipana 

P. glandulosa var. glandulosa 

P. glandulosa var. prostrata 
*P. glandulosa  

*P. odorata 
P. glandulosa var. torreyana 

*P. yaquiana 

P. juliflora 

P. velutina *P. velutina 



Table 2. Insect taxa chosen for phylogeographic comparison with Prosopis ranges.  

Taxon (Order: Family) 
# of  

North American 
species 

# of species 
associated 

with Prosopis 
sister taxa ? citation 

Thasus (Hemiptera: Coreidae) 3 2 yes Brailovsky et al. 1994 

Mozena (Hemiptera: Coreidae) 24 5 unknown 
Schaefer & O'Shea 1979; 
Livermore et al. 2013 

Phymatopsallus (Hemiptera: Miridae)  5 3 unknown Schuh 2006 

Algarobius (Coleoptera: Bruchidae) 5 5 yes Kingsolver 1986 
Sibinia setosa (Coleoptera: 
Curculionidae) 1 1 

yes (2 
subspecies) 

Rogers et al 1975; Clark 
1978 
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Table 3. Mean values measured for thirteen morphological characters on nine putative Prosopis species. Full ranges measured are in 

parentheses. This chart, along with geographical considerations, should serve as a good means of identifying North American species 

in the field.     

 

  mean (range) 

character P. articulata P. glandulosa P. laevigata P. mayana P. mezcalana P. odorata P. tamaulipana P. velutina P. yaquiana 

n 15 34 13 2 3 39 3 36 12 

number of leaflets 
per leaf 

15.2  
(9.0-22.0) 

9.9  
(4.0-19.0) 

24.0  
(19.0-30.0) 

13.6  
(13.2-14.0) 

18.2  
(17.0-20.0) 

13.5  
(8.9-19.0) 

18.0  
(10.0-25.0) 

21.5  
(16.0-27.0) 

15.1  
(9.4-18.5) 

petiole length 
(mm) 

9.1  
(8.0-11.0) 

73.6  
(27.0-110.0) 

28.2  
(13.0-40.0) 

47.6  
(45.2-50) 

18.7  
(15.0-22.5) 

30.8  
(3.9-67.0) 

7.2  
(6.0-9.0) 

43.0  
(10.0-75.1) 

53.6  
(39.0-73.2) 

leaflet length 
(mm) 

9.5  
(6.0-15.0) 

31.7  
(10.0-197.0) 

8.1  
(4.0-13.0) 

13.5  
(13-14) 

6.4  
(6.0-7.2) 

15.1  
(8.0-31.1) 

14  
(5-31) 

9.4  
(6.0-14.5) 

17.6  
(12.0-22.4) 

leaflet width  
(mm) 

2.3  
(2.0-3.0) 

3.0  
(2.0-5.0) 

2.1  
(1.5-3.1) 

2.9  
(2.75-3.05) 

1.3  
(1.1-1.5) 

2.9  
(1.2-5.0) 

2.6  
(2.4-3.0) 

2.9  
(2.0-4.0) 

4.8  
(3.8-5.9) 

pod length  
(mm) 

151.9  
(100-210) 

152.0 
(102-197) 

141.4  
(117-157) 

134.5  
(130-139) 

83.1  
(72-95) 

152.7  
(105-193.3) 

128.1  
(105-159.3) 

131.0  
(82.8-180) 

174.2  
(142-218) 

pod curvature 
(mm) 

19.8  
(7.5-29.6) 

35.1  
(16.7-90.0) 

28.3  
(12.0-80.0) 

10.6  
(8.6-12.7) 

16.5  
(12.5-19.9) 

36.7  
(18.8-54.3) 

21.2  
(0.0-40.3) 

27.7  
(15.7-41.3) 

23.8  
(18.8-29.8) 

pod beadedness 
(mm) 

2.0  
(1.1-3.9) 

1.4  
(1.0-2.2) 

1.5  
(1.1-9.6) 

1.6  
(1.4-1.8) 

1.1  
(0.8-6.0) 

1.3  
(0.9-2.2) 

2.4  
(1.7-3.0) 

1.3  
(1.0-1.7) 

1.6  
(1.1-2.3) 

pod thickness 
(mm) 

7.8  
(6.3-10.6) 

7.1  
(4.5-12.0) 

7.4  
(4.9-9.6) 

6.8  
(6.0-7.6) 

5.1  
(3.9-6.0) 

6.5  
(2.1-10.0) 

5.2  
(5.0-5.3) 

5.8  
(3.2-10.0) 

6.2  
(4.4-10.0) 

leaflet shape 
100% 
truncate 

100% 
lanceolate 

85% obt,  
15% lan 

100% 
lanceolate 

100%  
obtuse 

90% obt,  
10% lan 

100%  
obtuse 

100%  
obtuse 

58% trun,  
42% obt 

leaflet tip shape 
7% 

mucronate 
100% 

mucronate 
46% 

mucronate 
100% 

mucronate 
100% 

mucronate 
10% 

mucronate 
0%  

mucronate 
96% 

mucronate 
0%  

mucronate 

leaflet vestiture 
100% 

pubescent 
100% 

glabrous 
100% 

glabrous 
100% 

glabrous 
100% 

pubescent 
100% 

glabrous 
100%  

glabrous 
100% 

pubescent 
100%  

glabrous 

pod vestiture 
90%  

glabrous 
100% 

glabrous 
100% 

glabrous 
100% 

glabrous 
100% 

glabrous 
90% glabrous 

100% 
pubescent 

100% 
pubescent 

100%  
glabrous 

pod coloration 
(% purple) 

63 (0-100) 71 (30-100) 54 (0-90) 50 (50-50) 17 (0-50) 25 (0-90) 50 (40-60) 21 (0-50) 0 (0-0) 

  



Table 4. The jackknifed classification matrix from the DFA shows that even with resampling, the morphological characters do a good 

job of identifying Prosopis species.  

 
  P. articulata P. glandulosa P. laevigata P. mayana P. mezcalana P. odorata P. tamaulipana P. velutina P. yaquiana %correct 

P. articulata 13 0 0 0 1 0 0 1 0 87 

P. glandulosa 0 33 0 1 0 0 0 0 0 97 

P. laevigata 0 0 13 0 0 0 0 0 0 100 

P. mayana 0 0 0 2 0 0 0 0 0 100 

P. mezcalana 0 0 0 0 3 0 0 0 0 100 

P. odorata 0 2 0 2 0 31 0 3 1 79 

P. tamaulipana 0 0 0 0 0 1 2 0 0 67 

P. velutina 0 0 0 0 0 0 0 26 0 100 

P. yaquiana 0 0 0 0 0 1 0 0 11 92 

Total 13 35 13 5 4 33 2 30 12 91 



Table 5. Canonical discriminant functions standardized by within variances from the DFA show which characters were most 

informative. High discriminant values (<0.29) in the first three functions are highlited.   

 
  1 2 3 4 5 6 7 8 

Eigenvalues 12.351 5.969 2.226 1.744 1.245 0.641 0.175 0.1 

Canonical Correlations 0.962 0.925 0.831 0.797 0.745 0.625 0.386 0 

pod vestiture 0.261 0.71 0.338 0.24 0.519 0.139 0.134 0.087 

# of leaflets per pinna 0.258 0.191 0.008 -0.287 -0.662 0.446 0.282 -0.335 

petiole length -0.422 0.126 -0.355 0.422 -0.365 0.07 0.176 -0.056 

leaflet length -0.212 -0.075 -0.201 -0.108 0.492 0.061 0.389 -0.553 

leaflet width 0.006 -0.109 0.15 0.756 -0.293 0.074 -0.319 0.021 

leaflet shape -0.933 0.199 0.618 -0.218 -0.103 0.278 -0.289 0.093 

leaflet tip shape 0.309 0.548 -0.825 0.006 -0.046 -0.324 -0.073 0.21 

pod coloration 0.163 -0.179 -0.445 -0.292 0.241 0.451 0.234 -0.028 

pod length -0.02 -0.243 -0.05 0.32 -0.14 0.291 0.284 0.54 

pod curvature -0.184 -0.051 0.358 -0.259 0.088 -0.232 0.661 -0.225 

pod beadedness 0.291 -0.112 -0.197 0.006 0.361 0.554 -0.195 -0.189 

pod thickness -0.044 -0.057 -0.099 -0.079 -0.061 0.06 0.201 0.598 
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Table 6. Sixteen insect taxa that feed on Prosopis have range distributions that correspond well with particular Prosopis species. A 

few records occur outside the known range their host plant and some authors have recorded these species on host plants found outside 

the known range of the insects, which highlights the taxonomic confusion within Prosopis. I marked records that I found questionable 

as question mark with the host species listed by the author in parentheses after.  
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species corresponding host range records >300 km 
outside host range 

host records 

T. gigas (Klug) P. laevigata 3 
P. laevigata (Brailovsky et al. 1994); P. laevigata ?  
(P. glandulosa) (Schaefer and O'Shea 1979) 

T. neocalifornicus  
(Brailovsky & Barrera) 

P. odorata & P. yaquiana 0 
P. velutina, P. odorata, and introduced P. chilensis  
(Forbes & Schaefer 2003) 

M. arizonensis Ruckes 
P. velutina & P. yaquiana; 
P. odorata ? 

4 
P. yaquiana/P. odorata ? (P. glandulosa)  
(see Schaefer & O'Shea 1979) 

M. lineolata  
(Herrich-Schäffer) 

small portion of P. laevigata 0 
P. laevigata ? (P. glandulosa)  
(see Schaefer & O'Shea 1979) 

M. lunata (Burmeister) 
part of P. glandulosa &  
P. laevigata 

3 
P. glandulosa & Acacia spp. 
(see Schaefer & O'Shea 1979) 

M. obtusa Uhler  P. glandulosa 2 P. glandulosa (see Schaefer & O'Shea 1979) 

P. patagoniae Knight small portion of P. velutina 0 P. velutina / P. odorata ? (P. juliflora) & Acacia (Schuh 2006) 

P. rinconae Knight small portion of P. odorata 1 
P. odorata ? (P. glandulosa), Acacia, Bursera, Cercidium, 
Lycium, & Rhus (Schuh 2006) 

P. tuberculatus  
(Van Duzee) 

P. odorata & P. yaquiana 0 
P. yaquiana / P. odorata ? (P. glandulosa, P. juliflora) & Acacia 
(Schuh 2006) 

A. atratus Kingsolver P. laevigata 0 P. laevigata (Kingsolver 1986) 

A. johnsoni Kingsolver P. laevigata 3 P. laevigata (Kingsolver 1972); P. tamaulipana (pers. obs.) 

A. prosopis LeConte 
P. odorata, P. yaquiana, & 
P. glandulosa 

1 

introduced Prosopis alba & P. chilensis, P. articulata,  
P. laevigata, P. odorata, P. palmeri, P. pubescens, P. reptans, & 
P. velutina (Johnson 1983; Kingsolver 2004); P. glandulosa,  
P. tamaulipana, & P. yaquiana (pers. obs.) 

A. bottimeri Kingsolver P. glandulosa 1 
P. glandulosa (Kingsolver 1972); P. tamaulipana & P. odorata 
(pers obs.); P. pallida (Hawaii) & P. reptans (Johnson 1983) 

A. nicoya Kingsolver 
P. vidaliana & part of  
P. laevigata 

1 
P. vidaliana ? (P. juliflora & P. velutina) (Johnson & Siemens 
1997); P. yaquiana, P. laevigata, and P. mezcalana (pers. obs.) 

S. setosa puella  
(LeConte) 

P. odorata 1 
P. odorata ? (P. glandulosa) (Clark 1978); P. velutina,  
P. palmeri, and P. pubescens (pers. obs.);  

S. setosa subfaciata 
(LeConte) 

part of P. glandulosa 2 P. glandulosa & ? (P. laevigata) (Clark 1978)  
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ABSTRACT 

Several species within the genus Prosopis are invasive species of great concern to 

agroforestry. Many attempts to control it using insects as biocontrol agents have met with 

limited success. I conducted this study to broaden our knowledge of the arthropod 

communities that feed on Prosopis seedpods, as well their parasitoids. I surveyed 187 

sites in the United States and Mexico from twelve of the fourteen described North 

American species of Prosopis. I collected 113 species of arthropod among 315,174 

individuals. My survey documents 25 large range extensions, 167 new host plant records 

based on rearing, and 16 new host records for parasitoids. I also describe six species new 

to science. I provide an updated description of the known biology for each species of seed 

predator and parasitoid collected, as well as updated range maps, photos/illustrations, and 

a chart of seasonal abundance.  

 

INTRODUCTION 

 The genus Prosopis includes roughly forty-four species (Burkart 1976), of which 

four basal species are native to the Afro-tropical and Oriental realms, thirty-two species 

are native to the Neotropics with a heavy concentration in Argentina, and four to fourteen 

are native to the Nearctic realm (Bukhart 1976; Palacios 2006; Hultine 2001). Its ability 

to grow on very poor soils and stabilize sand dunes lead to its introduction to Australia, 

South Africa, and the Caribbean as a source of fuel, livestock food, and a shade tree 

(Pasiecznik 2001). Fifty years later, the tree was considered a pest because it outcompetes 

natives (Brown & Gubb 1986), creates dense thickets that block off water courses and 

grazing lands (McDaniel et al. 1982), and was erroneously thought to use up groundwater 
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at a higher rate than other trees (Trumble 1977; Carlson et al. 1990). This lead to several 

campaigns to reduce the abundance of mesquite (Fisher 1950; Cable & Martin 1973; 

Zimmerman 1991; Teague et al. 2001; Ansley et al. 2003), not only where it is not native, 

but also in the United States where it is considered to have expanded its range because of 

seed-spreading cattle and lower rodent populations to destroy seedlings (Weltzin et al. 

1998; Kneuper et al. 2003).   

 Methods of mesquite tree destruction have included mechanical removal, the use 

of herbicides, fire, and biological control (Pasiecznik 2001). The high cost, low success 

rate, and environmental damage by the former three techniques (Teague et al. 2001) has 

lead to greater interest in the use of seed and leaf-feeding insects. The introduction of 

bruchid beetles, psyllids, leaf-footed bugs, and moths to control mesquite has had mixed 

results (Hoffmann et al. 1993; Cuda & DeLoach 1998; Coetzer & Hoffmann 1997; van 

Klinken 1999; van Klinken et al. 2003; van Klinken & Burwell 2005; Zachariades et al. 

2011), possibly because so little is known about the biology of the insects and the 

taxonomy of mesquite (Pasiecznik 2001). Kingsolver et al. (1977) found that 93% are the 

beetles that feed on mesquite pods are obligatory restricted to Prosopis, making them 

potentially good biocontrol agents. Bruchids vary a great deal in their ability to destroy 

seeds (Johnson 1981; Kistler 1995; Coetzer & Hoffmann 1997; Zimmerman 1991; van 

Klinken & White 2011) making it paramount that the factors that lead to their success be 

well understood.  

 Though a lot of research summarizes the insect community on mesquite plants, 

little is known about how this community changes in space and time. Ward et al. (1977) 

was the first to collate an annotated list of insect species associated with Prosopis. The 
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checklist includes both Nearctic and Neotropical species. Johnson (1983). provides a 

detailed list of species associated with Prosopis seeds with keys and natural history 

information. Several list of bruchid parasitoids have also been published (Cushman 1911; 

De Luca 1965; Center & Johnson 1976; Steffan 1981; Hetz & Johnson 1988). Studies of 

the insect seed predator community have focused on P. velutina in Arizona (Swier 1974; 

Kingsolver et al. 1977), with almost nothing known about other species or locations. 

Mexico is practically a black box. Furthermore, difficulties in identifying different 

Prosopis species has lead to misidentification and taxonomic confusion (Pasiecznik 

2001). 

 I undertook this study to widen the breadth of knowledge on mesquite seed insect 

communities. I attempted to survey as many species of mesquite as possible and to 

sample across the distributional range of each. I collected samples across a series of 

months to get a sense of seasonal variation. I hope that by examining snapshots of these 

insect communities in space and time that a well-focused picture of how this community 

is held together will emerge.  

 

METHODS 

 Insects were collected by randomly picking a hundred seedpods from a tree and 

double-bagging them in gallon Ziploc bags. The vast majority of samples were of dry 

pods on trees, but some were also collected green or from beneath the tree and labeled as 

such. I examined pods for external feeders, which were collected separately - therefore all 

insects collected later emerged from the seedpods. I removed stems from all pods except 

for P. pubescens and P. reptans. A pilot study indicated that 100 seedpods are sufficient 
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to sample seed predator and parasitoid species. I tested this assumption with the full 

dataset by calculating the number of seedpods needed before an individual will be found 

with 95% confidence. I left the bags for 45 days in a warm, dark space, after which I 

placed the bags in a freezer to kill all insects inside. It was determined through a pilot 

study that 45 days was enough to allow for the emergence of all species at an average 

temperature of 28 °C. This length of time also less than known developmental times for 

most species encountered, though I found two exceptions (Apion sordidum and 

Tricornyus spp.). I called each set of insects that emerged from these hundred pods a 

"sample". I identified arthropods to species when possible.  

 I generated maps of sampling localities using ArcView 10. I compared the 

sampled records of Prosopis with museum records to show how well I sampled each. I 

took Prosopis records from the Global Biodiversity Information Facility website 

(www.gbif.org), the Missouri Botanical Garden online database (www.tropicos.org), the 

University of Arizona Herbarium, the Flora of Texas database 

(http://www.biosci.utexas.edu/prc/Tex.html), and various published records. I followed 

the taxonomy of Palacios (2006) because the larger list of species provided more 

information for comparison (also see Appendix A). Because of problematic synonymy, I 

altered the data in order to provide reasonable distributions of Prosopis species. I 

relabeled records of P. glandulosa var. torreyana in southern Baja and Sinaloa as P. 

yaquiana because P. yaquiana is a new species with no records other than Palacios 

(2006). Personal observations corroborate P. odorata not existing in southern Baja or 

Sinaloa. P. glandulosa var. torreyana in Sonora may be either P. odorata or P. yaquiana 

and therefore I excluded records other than Palacios (2006) and personal records for this 
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state. I also excluded records of P. juliflora, which could refer to any species within the 

section Algarobía. Appendix B.3 lists a few other records that were likely planted trees or 

errors.  

 I provide a number of details about the natural history for all internal seed 

predator and parasitoid collected. The purpose of this is to get a sense of how the 

mesquite insects associated with seedpods changes in space and time. I do not provide 

details for other guilds because the method of sampling was not ideal for collected them. 

I list species according to rank abundance of each order, family, genus, and then species. 

I provide taxonomic information, such as commonly used synonyms, keys to species, and 

the genus size. I provide biological information about the life cycle when available to 

compare the number of generations possible in a fruiting season. If I could not find 

information for a particular species, I provide information from a closely related species. 

I include a list of host plants, host insects (in the case of parasitoids), and parasitoids (in 

the case of seed predators). The host list gives an indication of how specialized each 

species is. Therefore, when an insect has been associated with multiple host species from 

the same genus, I use the abbreviation "spp." instead of listing all species. The exception 

to this is, of course, Prosopis and genera of bruchids for which multiple species feed 

upon Prosopis. I produced maps, which show the entire known range of a species, 

including both the locations where I collected them and museum records using ArcView 

10. I cite sources of museum records below each map. To compare seasonal variation in 

the abundance of species, I constructed charts of the monthly presence of adults based on 

museum records and presence within seedpods as an unidentified life stage from these 

surveys. Since sampling is not random throughout the year, this data may not be the best 
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indication of insect activity periods. Finally, I give sampling results, which include 

written summaries of range and seasonal data, any new records of host plant or insect 

species, parasitoids, and range extensions. I based parasitoid host records on adding live 

adults to monocultures of bruchid species and seeing if the parasitoid could complete its 

life cycle on each host. I ignored negative results. No new records exist for some species 

for which I could not obtain monocultures in the lab, including Neltumius spp. and 

Mimosestes protractus. 

  

RESULTS 

Summary 

 I surveyed 187 sites in the United States and Mexico (see Supplemental Material 

1 for a list of locations and Figures 1 and 2 for maps). I was able to collect from twelve of 

the fourteen species of Prosopis. Sampling gaps exist for several Prosopis species. Two 

species, P. vidaliana and P. juliflora, were not sampled because of difficulty in accessing 

sites. P. odorata, P. glandulosa, P. palmeri, P. pubescens, and P. mezcalana have 

historical ranges shown on the maps that are probably much larger than the current range. 

For example, I had difficulty finding P. odorata in much of California or Baja California 

Norte, I found many herbarium localities where botanists previously collected P. 

glandulosa in Oklahoma are now agricultural fields and housing developments, and I 

documented the disappearance of P. pubescens from 53% of its former range (Foldi 

2014). I sampled P. reptans from only a small portion of its actual range because I had 

difficulty finding fruiting plants during the times I surveyed for it. I sampled P. laevigata 

at the northern and southern ends of its range, but I failed to sample it from central 
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Mexico because of travel restrictions, and a lack of time and funding. I collected samples 

from only a few sites (1-46) per Prosopis species, but in most cases, this covers much of 

their current range. 

 Collecting 100 pods per tree was sufficient for collecting 12 of 16 seed predator 

species (Table 1) and 13 of 25 parasitoid species (Table 2) based on 95% confidence. 

Because of the trade-off between the time it takes to sort larger samples and the ability to 

sample rare species confidently, the sample size of 100 pods seems like a good 

compromise. However, it is important to remember that for species not sufficiently 

sampled, such as Neltumius arizonensis, that they may be a rare member of a community 

sampled for which no individuals were collected. 

 I collected 315,174 individual arthropods. Of these, 291 were larvae that I did not 

identify, though most were probably bruchids and micro-lepidopterans. The vast majority 

of individuals collected were internal seed predators (94%). External seed predators were 

primarily bruchid beetles, but I also found tortricid moths, anobiid beetles in the genus 

Tricorynus, and eurytomid wasps in the genus Bruchophagus with fair frequency (Table 

1). Weevils were rare - I discuss their status as seed predators in the section on Apion spp. 

The average sample had 2.99 species of seed predator with seven species being the 

maximum diversity seen. The average abundance of seed predators per sample was 412 

and the maximum was 2223 individuals.  

 Parasitoids were the second most common guild (5%). Parasitoids included ten 

species that primarily attack bruchid larvae, nine that primarily attack bruchid eggs, three 

species that attack micro-lepidopterans, a eulophid wasp that attacks Bruchophagus, a 

eupelmid wasp that attacks Asphondylia, mites that attack adult bruchids, and a eupelmid 
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wasp with no known host (Table 2). I believe an unidentified individual I collected that 

belongs to the family Mymaridae is a tourist because no records exist of these egg 

parasitoids feeding on any species commonly encountered in my samples. The average 

sample had 1.64 species of parasitoids with eight species being the maximum diversity 

seen. The average abundance of parasitoids per sample was 22.6 and the maximum was 

516 individuals.  

 The remaining guilds represented only 0.4 % of all individuals collected (Figure 

3). I separated these into phytophagous guilds (Supplemental Material 3) and predacious 

guilds (Supplemental Material 4). The phytophagous guild includes insects I collected 

externally from the pods that are not known to develop within Prosopis seeds, though 

they may use cracks or holes as shelter. Many were collected because they feed on parts 

of the plant near the seedpods, such as mucivores (arthropods that feed suck plant juices 

indiscriminately from plant parts other than the fruits) and florivores. External seedpod 

feeders (arthropods that feed on the seed or seedpod from outside of the pod, usually with 

sucking mouthparts) are important because they may potentially act as competitors or 

mutualists with internal seed predators. The high percentage of fungivores may seem 

surprising, but pods that are not completely dry often succumb to mold and the majority 

of individuals in this guild were barklice. Of the 38 species of phytophagous insects 

collected, 14 only use Prosopis as a host plant. Predators, mostly ants and spiders, were 

the fourth most abundant group, but were found in such low numbers at all trees sampled 

that they are unlikely to play a large role in the mesquite pod insect community.    

 This survey adds a great deal of new information about the insect community on 

Prosopis seeds. Six species collected represent undescribed species. Horismenus texanus 
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(as I call it here) could also be a new species given the discrepancy in host plants. Species 

descriptions are included in Supplemental Material 5. An additional eight species 

collected were known previously from very few specimens: Brasema brevicauda, 

Eotetranychus prosopis, Eupelmus arizonensis, Glyptocolastes texanus, Paraplonobia 

mexicana, Tricorynus fastigiatus, Tricorynus megalops, and Urosigalphus ignotus. I 

found new state records in Mexico for five seed predator species, eight parasitoid species, 

Brachymyrmex patagonicus (which I discuss below), Eotetranychus prosopis, and Sibinia 

setosa subfaciata. I found new state records within the United States for one seed 

predator, six parasitoids, Brachymyrmex patagonicus, Eotetranychus prosopis, and 

Paraplonobia mexicana. I found 42 new plant host records for 17 species of seed 

predator species and 87 new plant host records for 23 parasitoid species, seven of species 

of which had never been collected on Prosopis before. Habrobracon hebetor has never 

before been collected on Prosopis in North America. A total of eight species of parasitoid 

were reared from seven host species they had previously not been associated with. Of 

these, two species are recorded for the first time attacking Bruchidae and one species is 

recorded for the first time attacking Tortricidae. I found a total of 58 new plant host 

associations on Prosopis for the 38 species of phytophagous insects I collected. This is 

the first record of Chaetocnema and Ormenoides venusta on Prosopis (Clark et al. 2004).  

 Finding Brachymyrmex patagonicus (Hymenoptera: Formicidae) commonly 

associated with mesquite is a troublesome find. This is an introduced species of concern 

in the United States (Wild 2008). It is well-established in the southeast, but has only been 

recorded in urban areas of California, Nevada, Arizona, and Texas (Wild 2008). Not only 
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did I record this species in Sonora, but I found it on six different species of mesquite far 

from urban areas. It is probably feeding on the sugary sap on the pods and the nectaries.   

 Three species collected are of special interest because the association with 

Prosopis is uncharacteristic of their known habits. Ceratopogon sp. (Diptera: 

Ceratopogonidae) were found numerous times on mesquite pods during this survey. 

Females feed on vertebrate blood, but both sexes visit flowers for nectar (Downes & 

Wirth 1981). It could be that I collected this species because it was attracted to flowers or 

nectaries and resting on the seedpods, but this seems unlikely given the inspection of the 

pods before collection. The larvae may use the pods to develop. Little is known about the 

larval diet of these flies, but some species do feed on plant tissues as larvae (Downes & 

Wirth 1981). Brathinus californicus (Coleoptera: Staphylinidae) is typically found "with 

damp moss, and [on] cool, mountain-streamside[s]" (Peck 1975), so it is odd to find it on 

seedpods in the desert, but only one specimen was collected. Mimetus chisos (Araneae: 

Mimetidae) is a predator of spiders (Mott 1990), which seems odd given how few spiders 

were collected overall on seedpods. 

 One other species, Sibinia setosa (Coleoptera: Curculionidae), is worth discussing 

further. Seventeen individuals were collected from ten different sites. First of all, it is 

well established that this species uses flower buds to develop in (Rogers et al. 1975; 

Clark 1978). Either this species is simply a tourist of seedpods or, what I believe is more 

likely, is that this species uses bruchid holes to enter the pods and overwinter. On several 

occasions the tiny weevils were seen leaving these holes. The second interesting 

observation is that the range of Sibinia setosa puella roughly corresponds to that of P. 

odorata and the range of Sibinia setosa puella to P. glandulosa. The zone syntopy is also 
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similar between insect and host. This lends support for P. odorata and P. glandulosa 

being distinct species.  

 Overall, I found very little temporal separation between when species are most 

active by examining monthly collecting records. I found that almost all seed predators are 

most active in July and August, but are active throughout the year (Table 3). This was 

true in both the museum records and my samples, which were biased towards these 

months because these were the months when dry mesquite fruits were most abundant. 

The one seed predator with a different pattern is M. protractus, which has a second peak 

in abundance in May. Parasitoids of bruchid larvae are most abundant earlier in the year, 

with peak abundance being April-June for all species except Heterospilus prosopidis, 

which was collected mostly in July (Table 4a). Parasitoids of bruchid eggs were most 

abundant in July for all but two species, Horismenus butcheri and H. missouriensis, 

which were collected mostly December-March (Table 4b). Moth parasitoids were only 

collected June-August (Table 4b).  

 

Internal Seed Predators 

 

Algarobius prosopis (LeConte) (Coleoptera: Bruchidae)       

 

Taxonomy - This genus includes six species, all of which feed exclusively on Prosopis 

(Kingsolver 1986). A. riochama is not covered here because it is found outside the 

sampling area. A. atratus, which has been recorded from P. laevigata (Kingsolver 1986), 
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was not found during surveys because the known distribution in central Mexico is outside 

of the range surveyed. Algarobius prosopis was previously called Bruchus prosopis. 

 

Biology - Females lay approximately 100 eggs with little variation across different 

temperatures (Kistler 1995). Unlike other bruchid genera, the eggs lack glue and are 

inserted into cracks and crevices of the dry seedpod or inside the exist holes made by 

previous seed predators (Bridwell 1920a; Johnson & Siemens 1997). Females will lay 

eggs on pods that are from the last season's crop, green pods, and moist mature pods 

(Swier 1974), but not dry pods (Bridwell 1920b). Eggs will even be laid on seeds inside 

dung (van Klinken & White 2011). Oviposition occurs from May/June until late fall in 

Arizona (Swier 1974), such that three or more generations can be produced annually 

(Johnson 1983). The larvae develop in 30-100 days, with faster development occurring at 

higher temperatures (Kistler 1995). Larvae are capable of moving through pod pulp to 

enter different seeds but development only requires a single seed (Pfaffenberger & 

Johnson 1976; Johnson 1983). Larval mortality is high at 20°C, but low at higher 

temperatures (Kistler 1995). Adults live 40-150 days in the lab and longevity decreases as 

temperature increases (Kistler 1995). Swier (1974) hypothesized both adults and larvae 

can overwinter. Adults feed on mesquite nectar and pollen (Johnson 1983). This species 

may destroy anywhere from <5% to 90% of seeds (Swier 1974; Glendening & Paulsen 

1955; Kingsolver et al. 1977; Zimmerman 1991; van Klinken & White 2011). 

 

Host Plants - Fabaceae - Prosopis alba (introduced), P. articulata, P. chilensis 

(introduced), P. laevigata, P. odorata, P. palmeri, P. pubescens, P. reptans var. 
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cinerascens, and P. velutina (Johnson 1983; Kingsolver 2004). Individuals that emerge 

from P. pubescens are 1/3 the size of normal individuals and lack a color pattern 

(Kingsolver 2004). 

 

Parasitoids - Braconidae - Glyptocolastes texanus, Heterospilus prosopidis, Stenocorse 

bruchivora, Urosigalphus bruchi, U. bruchivorus, U. neobruchi; Eulophidae - 

Horismenus missouriensis, H. productus; Euplemidae - Charitopodinus terryi; 

Pteromalidae - Lariophagus texanus; Sphecidae - Cerceris truncata; and 

Tricogrammatidae - Uscana semifumipennis (Kingsolver 2004). 

 

Figures - Map - Figure 4. Monthly abundance - Table 3. Photograph - Figure 15a and b. 

 

Survey Results - I collected Algarobius prosopis from P. articulata, P. glandulosa, P. 

odorata, P. palmeri, P. pubescens. P. reptans, P. tamaulipana, P. velutina, and P. 

yaquiana. I found it in pods of planted P. chilensis, P. alba, and a P. alba x velutina 

hybrid in Tucson, AZ. The range of this species based on both my surveys and museum 

records, extends further into southeastern Texas than is shown by Kingsolver (1986). 

Museum records extend it far into southern Mexico compared to Kingsolver (1986), but I 

could not confirm these records. New parasitoid records include Brasema brevicauda, 

Cephalonomia hyalinipennis, Chryseida bennettii, Horismenus lixivorus, and H. texanus. 

 

Algarobius bottimeri Kingsolver (Coleoptera: Bruchidae) 
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Taxonomy - See A. prosopis. 

 

Biology - Nothing has been described for this species, but it is likely similar in habits to 

A. prosopis. 

 

Host Plants - Kingsolver (1972) hypothesized that this species specializes on Prosopis 

glandulosa. Johnson (1983) also notes this species on P. pallida (Hawaii) and P. reptans. 

 

Parasitoids - Braconidae - Heterospilus prosopidis, Stenocorse bruchivora; Pteromalidae 

(Kingsolver 2004). 

 

Figures - Map - Figure 5. Monthly abundance - Table 3. Photograph - Figure 15c. 

 

Survey Results - I recorded this species mainly from P. glandulosa and P. tamaulipana, 

but they also emerged from two P. odorata trees. Horismenus texanus is a new parasitoid 

record. 

 

Algarobius nicoya Kingsolver (Coleoptera: Bruchidae) 

 

Taxonomy - See A. prosopis. 

 

Biology - This species is known to have eggs that lack glue and are inserted into cracks 

and crevices of the dry seedpod or inside the exist holes made by previous seed predators, 
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like A prosopis (Johnson & Siemens 1997). Other characteristics of this species are 

probably similar to A. prosopis. 

 

Host Plants - P. vidaliana (recorded as P. juliflora and P. velutina) (Johnson & Siemens 

1997). 

 

Parasitoids - None recorded. 

 

Figures - Map - Figure 5. Monthly abundance - Table 3. Photograph - Figure 15d. 

 

Survey Results - I recorded this species on P. yaquiana, P. laevigata, and P. mezcalana. 

Heterospilus prosopidis is the only new parasitoid record. 

 

Algarobius johnsoni Kingsolver (Coleoptera: Bruchidae) 

 

Taxonomy - See A. prosopis. 

 

Biology - This species produces glueless eggs, which it places in cracks and crevices like 

A. prosopis (Johnson & Siemens 1997). Nothing else has been described for this species, 

but it is likely similar in habits to A. prosopis. 

 

Host Plants - Kingsolver (1972) noted that the range corresponds to that of P. laevigata 
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and P. glandulosa var. torreyana, although this species has only been recorded on P. 

laevigata. 

 

Parasitoids - None recorded. 

 

Figures - Map - Figure 4. Monthly abundance - Table 3. Photograph - Figure 15e. 

 

Survey Results - I recorded this species on P. laevigata and P. tamaulipana. Chryseida 

bennetti, Horismenus bruchophagus, and H. texanus are new parasitoid records. 

 

Mimosestes amicus Horn (Coleoptera: Bruchidae)       

 

Taxonomy - The species belong to a genus with seventeen species, four of which have 

been associated with mesquite (Kingsolver 2004; Kato et al. 2010). All other species feed 

on Acacia, Bauhinia, Enterolobium, Parkia, and/or Parkinsonia (all Fabaceae) (Kato et 

al. 2010). Kingsolver (2004) provides keys to species. Kato et al. (2010) examines 

phylogenetic relationships. I do not discuss A. insularis here because although it feeds on 

Prosopis seeds, it is not found within the continental United States or Mexico.  

 

Biology - Females lay 150-300 eggs and they lay fewer eggs at lower temperatures 

(Kistler 1995). They glue eggs "randomly" to the surface of the pod (Johnson 1981; 

Johnson & Siemens 1997). Only green pods with well-developed cotyledons or mature 

pods are oviposited on (Johnson 1981; Kingsolver 2004). This means that the oviposition 



 

 

142 

period begins weeks later than for A. prosopis (Johnson 1981). Larvae burrow directly 

into the seed below from the egg (Johnson 1981). The larvae develop in 30-90 days, with 

faster development occurring at temperatures at and above 25°C compared to 20°C 

(Kistler 1995). Larval mortality is low at all temperatures examined by Kistler (1995). 

Adults live 30-200+ days in the lab and longevity decreases as temperature increases 

(Kistler 1995). This species causes less damage to seeds compared to A. prosopis and is 

second in abundance within the P. velutina community (Swier 1974). Estimated damage 

ranged from 0.7-3% on P. velutina in Arizona (Swier 1974; Kingsolver et al. 1977). 

 

Host Plants - Acacia spp., Leucaena leucocephala, Parkinsonia spp., Prosopis 

glandulosa, P. odorata, P. pallida, P. palmeri, P. pubescens, P. velutina, and Sesbania 

spp. (Johnson 1983; Johnson & Siemens 1997; Kingsolver 2004). Kingsolver (2004) 

claims that it prefers to oviposit on Parkinsonia. 

 

Parasitoids - Braconidae - Heterospilus prosopidis, Stenocorse bruchivora, 

Urosigalphus bruchi, U. neobruchi; Eulophidae - Horismenus productus; Eupelmidae - 

Eupelmus amicus, E. cyaniceps; Sphecidae - Cerceris truncata; and Tricogrammatidae - 

Uscana semifumipennis (Kingsolver 2004). 

 

Figures - Map - Figure 6. Monthly abundance - Table 3. Photograph - Figure 15f. 

 

Survey Results - I collected this species from every species of Prosopis surveyed except 

P. mezcalana, making it the seed predator that feeds on the widest variety of Prosopis 



 

 

143 

species. New records include P. articulata, P. laevigata, P. mayana, P. tamaulipana, P. 

reptans, and P. yaquiana. I found it very occasionally in P. pubescens, P. reptans, and P. 

laevigata pods. I found it outside of the range of its primary host, Parkinsonia (formally 

Cercidium) both at the northern end of its range and in northern Yucatan (Figure 6). 

Prosopis must therefore be an important host for M. amicus in these regions. It is rare in 

central Mexico despite the presence of several species of Parkinsonia and Prosopis 

laevigata. It is primarily collected in mid-late summer, though can be found throughout 

the year. Eurytoma tylodermatis and Microdontomerus sp. nov. are new parasitoid 

records. 

 

Mimosestes protractus Horn (Coleoptera: Bruchidae)       

 

Taxonomy - See M. amicus. 

 

Biology - This species oviposits only on immature green pods (Swier 1974; Kistler 1995) 

along the suture line (Center & Johnson 1974). Because pods are hairless and develop 

rapidly, eggs are easily dislodged and vulnerable to predators (Kingsolver et al. 1977). It 

is the first species to colonize plants in late spring and the first to leave pods in late 

summer (Center & Johnson 1974). The first instar larvae have specialized thoracic 

appendages used to help them enter the pod and move through the sticky flesh of the 

pods. (Pfaffenberger & Johnson 1976). They burrow down directly to the seed below 

(Swier 1974). This species only have one generation per year and only adults overwinter 



 

 

144 

(Swier 1974). Though it is rarer than A. prosopis and M. amicus, it can account for 61% 

of total bruchid damage (see Center & Johnson 1974). 

 

Host Plants - Fabaceae - Prosopis glandulosa, P. odorata, P. laevigata, P. velutina, and 

Parkinsonia spp. (Kingsolver 2004). 

 

Parasitoids - Sphecidae - Cerceris truncata (Kingsolver 2004). 

 

Figures - Map - Figure 7. Monthly abundance - Table 3. Photograph - Figure 15g. 

 

Survey Results - I collected this species from most Prosopis species in section 

Algarobia. New host records include P. articulata and P. yaquiana. It was absent from P. 

laevigata despite Kingsolver (2004) citing this species as a host. Because this species is 

adapted to feeding on green pods, I expected collect it earlier in the season compared to 

other bruchid species, but it was most abundant in both my surveys and museum records 

in July. Based on my surveys, its range extends into Baja California Sur. 

 

Mimosestes nubigens Motschulsky (Coleoptera: Bruchidae)       

 

Taxonomy - See M. amicus. The species is synonymous with M. sallaei. 

 

Biology - Adults glue ~120 eggs singly or in small clumps of 2-7 eggs to the outside of 

mostly mature seedpods, usually along suture lines, crevices, or near wounds of external 
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predators (Ward et al. 1977; Traveset 1991; Johnson & Siemens 1996).  Eggs hatch after 

5-10 days and the larvae burrow directly into the seed below (Johnson 1981; Traveset 

1991). Larvae develop for 33.6±2.4 days, pupate for a few days, and emerge by cutting a 

circular hole in the seed coat and pod wall (Traveset 1991).   

 

Host Plants - Acacia spp., Caesalpinia coriaria, Ceratonia siliqua, Cordia sp., Gleditsia 

triacanthos, Lotus sp., Prosopis chilensis, P. glandulosa, P. odorata, and P. pallida 

(Hawaii) (Kingsolver 2004; VanDyk 2013). Kingsolver (2004) claims it strongly prefers 

Acacia farnesiana. Records on Prosopis outside of Hawaii are rare (Kingsolver & 

Johnson 1978). 

 

Parasitoids - Bethylidae - Cephalonomia hyalinipennis, Parasierola distinguenda; 

Braconidae - Bracon sp., Heterospilus prosopidis, Stenocorse bruchivora, Urosigalphus 

bruchi, U. neobruchi; Eulophidae - Catolaccus sp., Horismenus bruchophagus 

Eupelmidae - Eupelmus bruchivorus, E. cushmani, E. cyaniceps; Eurytomidae - 

Eurytoma sp., Eurytoma tylodermatis; Pteromalidae - Lariophagus texanus; Pyemotidae - 

Pyemotes boylei; and Trichogrammatidae - Uscana semifumipennis (Kingsolver 2004). 

 

Figures - Map - Figure 7. Monthly abundance - Table 3. 

 

Survey Results - I collected this species from only three locations on P. odorata and P. 

velutina. It is probably only a rare visitor to mesquite pods. It is abundant in early spring 

when few other bruchids are, but is also abundant throughout the summer. 
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Neltumius gibbithorax (Schaeffer) (Coleoptera: Bruchidae) 

 

Taxonomy - Romero & Johnson (2003) describe the four species within the genus. Two 

species feed exculsively on Prosopis.  N. texanus is known only from Condalia 

(Rhamnaceae) and the host plant of N. dospatrius is unknown (Romero & Johnson 2003). 

 

Biology - nothing known. 

 

Host Plants - Romero & Johnson (2003) states that this species is found only on 

screwbean mesquite (P. pubescens). Previous records on Prosopis glandulosa 

(Kingsolver 2004) and P. odorata (Romero & Johnson 2003) are probably errors. 

 

Parasitoids - none recorded. 

 

Figures - Map - Figure 8. Monthly abundance - Table 3. Photograph - Figure 15h. 

 

Survey Results - My survey results agree with Romero & Johnson (2003) in that this 

species is restricted to P. pubescens. It can be collected throughout the year. 

 

Neltumius arizonensis Bridwell (Coleoptera: Bruchidae)       

 

Taxonomy - See N. gibbithorax. 
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Biology - This is the rarest bruchid species in the P. velutina seedpod community (Swier 

1974). Females lay 60-100 eggs with little variation across different temperatures (Kistler 

1995; Coetzer & Hoffmann 1997). They cement eggs "randomly" to the pod surface 

(Center & Johnson 1974). Oviposition occurs on immature pods according to Moran et 

al. (1993), but on pods with "developed cotyledons" later in the season than other species 

according to Kistler (1995) and Impson et al. (1999). Eggs hatch in seven days (Impson 

& Hoffmann 1998). Larvae burrow down to the pod directly below them (Center & 

Johnson 1974). They develop in 26-30 days at 30°C (Coetzer & Hoffmann 1997), but can 

take up to 140 days at low temperatures (Kistler 1995). Larval mortality is high at 20°C 

(Kistler 1995). Adults live for about 35 days with pollen as food and water (Coetzer & 

Hoffmann 1997), but can live for up to 100 days at low temperature (Kistler 1995). This 

species can produce three or more generation per year (Swier 1974). It destroys <1-2.4% 

of P. velutina seeds in Arizona (Swier 1974; Kingsolver et al. 1977). 

 

Host Plants - Prosopis glandulosa, P. odorata, P. velutina, and P. chilensis (Romero & 

Johnson 2003; Kingsolver 2004). 

 

Parasitoids - Braconidae - Urosigalphus bruchivorus and Sphecidae - Cerceris truncata 

(Kingsolver 2004). 

 

Figures - Map - Figure 9. Monthly abundance - Table 3. Photograph - Figure 15i. 
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Survey Results - I collected this species on Prosopis glandulosa, P. odorata, and P. 

velutina. Its distribution barely reaches into Mexico. It can be collected in any month, but 

is most abudant in July. 

 

Ofatulena duodecemstriata (Walsingham) (Lepidoptera: Tortricidae) 

 

Taxonomy - The genus consists of two described and one undescribed species (Brown et 

al. 2011). The undescribed species and O. luminosa feed only on Parkinsonia spp. 

(Brown et al. 2011).  

 

Biology - Larvae of this species feeds primarily on Prosopis seeds (Heinrich 1926; 

Brown et al. 2011). Adults fly April through September (Powell & Opler 2009). Little 

else is known about this species. 

 

Host Plants - Fabaceae - Parkinsonia aculeata, Prosopis pubescens, and P. velutina 

(Brown et al. 2011; Gilligan 2012). Scrophulariaceae - Verbascum thapsus (Gilligan 

2012) is a doubtful record. 

 

Parasitoids - none recorded. 

 

Figures - Map - Figure 10. Monthly abundance - Table 3. Illustration - Figure 16a. 
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Survey Results - I collected this species from Prosopis glandulosa, P. odorata, P. 

pubescens, P. tamaulipana, P. velutina, and P. yaquiana. P. glandulosa, P. odorata, P. 

tamaulipana, and P. yaquiana are new records. My survey is the first to record this 

species in Tamaulipas. It is most abundant in July and August. New parasitoid records 

include Habrobracon hebetor, Goniozus sp. nov., and most likely Apantheles sp. nov. 

 

Rudenia leguminana (Busck) (Lepidoptera: Tortricidae)  

 

Taxonomy - The genus consists of five species (http://www.tortricidae.com). Rudenia 

leguminana is synonymous with Phalonia leguminana. 

 

Biology - According to Brown et al. (2011), this species is primarily a folivore, but the 

larvae occasionally tunnel into flowers and pods. The flight period in Arizona is Feb.-

May, but in southwestern states, there are records from Feb. - Sept. and an isolated record 

in Nov. (Powell & Opler 2009). 

 

Host Plants - Fabaceae - Acacia spp., Gleditsia japonica, Leucaena pulverulenta, 

Mimosa aculeaticarpa, Parkinsonia aculeata, Pithecellobium dulce, Prosopis 

glandulosa, and Senna lindheimeriana (Brown et al. 2011). Brown et al. (2011) 

hypothesized P. aculeata is the main host. 

 

Parasitoids - none recorded. 
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Figures - Map - Figure 11. Monthly abundance - Table 3. Illustration - Figure 16b. 

 

Survey Results - I collected this species from P. odorata, P. palmeri, P. velutina, and P. 

yaquiana, all of which are new host records. My survey extends the range into Sonora 

and Baja California Sur. I did not obtain enough records to make a meaningful statement 

about seasonal abundance. Habrobracon hebetor is a new parasitoid record. 

 

Cydia membrosa Heinrich ( Lepidoptera: Totricidae) 

 

Taxonomy - Cydia is a large genus with 330 described species (Gilligan 2012). They 

feed on a wide variety of plants, but only C. membrosa feeds on Prosopis. This species is 

synonymous with Laspeyresia membrosa. 

 

Biology - Very little is known about the life history of this species. Adults are active 

April-Sept. (Powell & Opler 2009). Cydia nigricana on peas laid an average of 91 eggs 

in clusters of 1-3, had eggs that develop in 1-3 weeks depending on temperature, 

developed from larvae to pupae in 18-30 days, overwinters as a pupa in the ground, and 

lives as adults for 16-21 days (Lewis & Sturgeon 1978). 

 

Host Plants - P. glandulosa and P. velutina (Gilligan 2012). 

 

Parasitoids - Eupelmidae - Gibson (2011) records Eupelmus cushmani on Cydia 

caryana. 
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Figures - Map - Figure 12. Monthly abundance - Table 3. Illustration - Figure 16c. 

 

Survey Results - I collected this species three times: once on P. odorata, once on P. 

velutina, and once on P. yaquiana. My survey extends the range into Nevada and Sonora. 

Phenological records were too few to draw a meaningful chart of monthly abundance. 

Habrobracon hebetor is a new parasitoid record. 

 

Tricorynus spp. Waterhouse (Coleoptera: Anobiidae) 

 

Taxonomy - This understudied genus has been split into 106 species within the United 

States and Mexico by White (1963, 1967, 1981). Species identification is difficult and 

many described species are based on very few specimens.  

 

Biology - Eggs of T. herbarius hatch after 12 days, larval development takes a year, and 

the adults live for only a month (White 1963). Females lay an average of 15 eggs (White 

1963). 

 

Host Plants - Larvae feed on seeds, stems, wood, and fungi, though the diet of most 

species is unknown (White 1963). Six species have been recorded on Prosopis: 

- T. congruus (Fall), 1905: "beating Prosopis glandulosa" (White 1982) 

- T. fastigiatus (Fall), 1905: "mesquite stem gall" (White 1963) 

- T. gibbulus (Fall), 1905: "on mesquite" (Ward et al. 1977) 
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- T. texanus (White), 1965: "mesquite beans", "ebony seeds", "monkey flower seeds" 

(White 1963) 

- T. tumidus (Fall), 1905: "on mesquite" (Ward et al. 1977) 

- T. vacuus (Fall), 1905: "sycamore, oak, mesquite" (White 1982)  

 

Parasitoids - T. herbarius: Bethylidae - Cephalonomia peregrina and Sclerdoermus sp.; 

Pteromalidae - Anisopteromalus calandrae (White 1963).  

 

Figures - Map - Figure 13. Monthly abundance - Table 3. Photograph - Figure 15j. 

 

Survey Results - I collected five species: T. congruus, T. fastigiatus, T. gibbulus, T. 

megalops, and T. pinguis. I collected T. congruus twice, once on P. pubescens and once 

on P. odorata. This is the first record of it in Sonora. I collected T. fastigiatus on P. 

glandulosa and P. reptans. I collected T. gibbulus on P. glandulosa, P. odorata, and P. 

pubescens. I collected T. megalops only once, on P. pubescens. I collected T. pinguis 

three times; once on P. palmeri and twice on P. yaquiana. My survey extends its range 

into Baja California Sur. Phenological records are too few to state more than their 

absence during winter months. 

 

Bruchophagus sp. nov. Ashmead (Hymenoptera: Eurytomidae) 

 

Taxonomy - Noyes (2012) lists seven species in North America.  
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Biology - Bruchophagus roddi on Medicago sativa lays 40-65 eggs on immature, green 

seedpods (Prashar & Dhaliwal 1984). It hatches from its egg in 1-2 days, develops as a 

larva for 6-8 days, pupates in 6-8 days within the pod, and lives for 1-5 days as an adult 

(Prashar & Dhaliwal 1984). 

 

Host Plants - This genus is often classified as a parasite of bruchids, but with few 

exceptions, it actually feeds on the seeds of legumes (Steffan 1981). 

 

Parasitoids - Eulophidae - Baryscapus bruchophagi (Noyes 2012).  

 

Figures - Map - Figure 14. Monthly abundance - Table 3. Illustration - Figure 16d. 

 

Survey Results - I collected this species on P. glandulosa, P. laevigata, P. odorata, P. 

palmeri and P. pubescens. I found it in Arizona, New Mexico, Texas, Sonora, Baja 

California Sur, and Oaxaca. It was most abundant in July and August. 

 

Hypothenemus sp. nov. Westwood (Coleoptera: Curculionidae) 

 

Taxonomy - 39 species are listed by Wood (1982) from North and Central America.  

 

Biology - Females of H. hampei borrow into fruits and lay 35–50 eggs (Jaramillo et al. 

2006). Development takes 24-45 days, males mate and die within the fruit, and the more 
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numerous females disperse after rains and live 35–190 days (Jaramillo et al. 2006). Other 

species develop in stems.  

 

Host Plants - Three species, H. rotundicollis, H. erectus, and H. interitialis, are 

associated with mesquite (Wood 1982). 

 

Parasitoids - Bethylidae - Cephalonomia spp.; Braconidae - Heterospilus coffeicola; and 

Eulophidae - Phymastichus coffea have been recorded on H. hampei (Pérez-Lachaud & 

Hardy 1999; Bustillo et al 2002). 

 

Figures - Monthly abundance - Table 3. Photograph - Figure 15k. 

 

Survey Results - I collected this species in P. reptans in July. All records are from 

Texas. I could not confirm whether this species was developing within stems or within 

seeds.  

 

Apion sordidum Smith (Coleoptera: Curculionidae) 

 

Taxonomy - This genus holds more than 300 species in North and Central America and 

is still being worked on (Bright 1993). Kissinger (1959) provides the most updated key to 

species groups and most common species, though older keys (i.e. Smith 1884; Fall 1898) 

include more species. Three species have been recorded in mesquite seeds: A. sordidum, 
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A. subornatum, and A. ventricosum. Each species is in its own species group (Kissinger 

1959), though A. subornatum and A. ventricosum are very similar morphologically. 

 

Biology - Little is known about this particular species, though life cycles are documented 

for Apion spp. on Trifolium seeds (Freeman 1967), A. ulicis on Ulex europaeus seedpods 

(Hoddle 1991), and A. miniatum - a stem borer on Emex spp. (Polygonaceae) (Scott & 

Yeoh 2005). The life cycle of these species varies little and so they may be similar to 

Apion sordidum. Adults lay up to 36 eggs that hatch in five days to seven weeks. Larvae 

develop for approximately five weeks with an average of four larvae developing on Ulex 

seeds. Adults aestivate for four to six months, live for an average of one year, and 

typically reproduce twice annually.  

 

Host Plants - Apion ventricosum has only been recorded on P. velutina and may 

specialize on it (Kingsolver et al. 1977; Fall 1898). A. subornatum has been recorded on 

P. velutina, Mimosa borealis, and Acacia spp. (Kingsolver et al. 1977; Ward et al. 1977). 

A. sordidum is usually found on Artemesia spp. (Asteraceae) (Smith 1884; Fall 1898) and 

has been reared from dipterous galls on Haplopappus sp. (recorded as Biglovia) 

(Asteraceae), as well as being found on several other Asteraceae: Encelia californica, 

Jefea brevifolia (recorded as Zexmenta brevifolia), and Viguiera stenoloba (Ward et al. 

1977). I found one record on Prosopis (Ward et al. 1977). Kingsolver et al. (1977) 

suggests that these species feed not on the seeds, but on the pod material. 

 

Parasitoids - Not known for this species. 
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Figures - Monthly abundance - Table 3. Photograph - Figure 15l. 

 

Survey Results - I reared very few individuals. I reared one individual from P. odorata 

in Arizona, three from P. pubescens in Arizona and Utah, and one from P. yaquiana in 

Baja California Sur. 

 

Bruchid Larval Parasitoids 

 

Heterospilus prosopidis Viereck (Hymenoptera: Braconidae) 

 

Taxonomy - Arnett (2000) lists 31 species north of Mexico. 

 

Biology - Females lay eggs on bruchid larvae after the larvae has reached the final instar 

stage and create an exit hole in the seed coat (Bridwell 1918). The short ovipositor limits 

oviposition once the egg falls to the ground unless the pod has been soaked by rain 

(Bridwell 1918). Females attack approximately 10-15% of all eggs (Bridwell 1918). The 

adult size is dependant on the size of the species parasitized (Bridwell 1918). 

 

Host Insects - Bruchidae - Acanthoscelides spp., Algarobius bottimeri, A. prosopis, 

Bruchus phaseoli, C. serratus, Caryedon gonogra, Callosobruchus spp., Meibomius sp., 

Mimosestes amicus, M. nubigens, and Stator pruininus, Sennius spp. (Ward et al. 1977; 

Hetz & Johnson 1988). 
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Host Plants - Fabaceae - Acacia spp., Aeschynomene americana, Calopogonium 

mucunoides, Cassia spp., Cercis occidentalis, Chaetocalyx latisiliqua, Desmanthus spp., 

Desmodium disortum, Indigofera suffruticosa, Leucaena spp., Mimosa spp., Piptadenia 

flava, P. glandulosa (recorded as P. juliflora), Prosopis vidaliana (recorded as P. 

juliflora), Rhynchosia minima, and Senna spp. (Viereck 1910; Hetz & Johnson 1988). 

 

Figures - Map - Figure 17. Monthly abundance - Table 4. Illustration - Figure 22a. 

 

Survey Results - I reared this species Algarobius bottimeri, A. prosopis, A. nicoya, and 

Mimosestes amicus. Host plant records include P. articulata, P. glandulosa, P. 

mezcalana, P. odorata, P. palmeri, P. pubescens, P. reptans, P. tamaulipana, P. velutina, 

and P. yaquiana. It was noticeably absent from P. laevigata. This species is clearly much 

more abundant in July and August, having been collected a few times in May and June 

and not in any other months. 

 

Stenocorse bruchivora (Crawford) (Hymenoptera: Braconidae 

 

Taxonomy - This is the only species within the genus Stenocorse (Marsh 1968). It was 

previously called Glyptocolastes bruchivorus.  

 

Biology - Perez & Bonet (1984) describe the life history of this species in detail. Females 

lay an average of 43 eggs laying one egg per host on third and fourth instar larvae. At 
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24°C, eggs develop in 2 days, larvae pupate in 6 days, prepupation requires 3 days, and 

pupation takes 12 for males and 14 days for females. Adults live an average of 67 days. 

 

Host Insects - Bruchidae - Acanthoscelides spp., Algarobius bottimeri, A. prosopis, 

Bruchus mimus, Callosobruchus chinensis, Caryedes paradisensis, Caryedon spp., 

Ctenocolum janzeni, Gibbobruchus mimus, Megacerus sp., Merobruchus spp., 

Mimosestes acaciestes, M. amicus, M. nubigens, Stator spp., Sennius spp., and Zabrotes 

subfasciatus (Beardsley 1961; De Luca 1965; Marsh 1968; Hetz & Johnson 1988; 

Kingsolver 2004) 

 

Host Plants - Convolvulaceae - Ipomoea spp.; and Fabaceae - Acacia spp., Albizia 

sinaloensis, Bauhinia ungulata, Calopogonium spp., Cassia spp., Desmathus spp., 

Indigofera spp., Leucaena spp., Lysiloma divaricata, Mimosa spp., Parkinsonia spp., 

Phaseolus lunatus, Piptanedia flava, Piscidia mollis, Pithecellobium sonorarae, 

Pitryocarpa flava, Rhynchosia spp., and Senna spp. (Hetz & Johnson 1988). 

 

Figures - Map - Figure 18. Monthly abundance - Table 4. Illustration - Figure 22b. 

 

Survey Results - I reared this species from Algarobius bottimeri, A. prosopis, and 

Mimosestes amicus. Host plant records include P. articulata, P. glandulosa, P. laevigata, 

P. odorata, P. pubescens, P. velutina, and P. yaquiana. This is the first record of it in 

Baja California Sur and Guerrero. It was most often collected throughout the fruiting 

period of Prosopis (May - August). 
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Glyptocolastes texanus Ashmead (Hymenoptera: Braconidae) 

 

Taxonomy - Glyptocolastes includes two species, both of which parasitize powder-post 

beetles (Bostrichidae) (Marsh 1968). 

 

Biology - Nothing known, but I surmise it is similar to Stenocorse bruchivora. 

 

Host Insects - Bostrichidae - Dendrobiella quadrispinosa; and Bruchidae - Algarobius 

prosopis (De Luca 1965; Marsh 1968; Kingsolver 2004). 

 

Host Plants - Prosopis sp. (Ward et al. 1977). 

 

Figures - Map - Figure 18. Monthly abundance - Table 4. Illustration - Figure 22c. 

 

Survey Results - I only collected this species twice: P. glandulosa: TEXAS. Brewster 

Co., 4504 ft, Alpine, 17 August 2009 (5 specimens). P. articulata:  MEXICO. Sonora, 

2459 ft, 6 km S. of Los Chinos on HWY 15, 80 km N. of Hermosillo, 11 June 2008 (1 

specimen). It was most likely emerging from Algarobius prosopis at both sites. I did not 

collect this species enough to create a meaningful phenological chart. 

 

Eurytoma tylodermatis Ashmead (Hymenoptera: Eurytomidae) 
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Taxonomy - Bugbee (1967) last revised the genus. Bugbee (1975) provdes keys to 

Mexican species. The genus includes 703 species (Noyes 2012). E. bruchophagi in 

Argentina, E. obtusa in the northeastern US, and several species in the Palaearctic have 

also been substantiated as bruchid parasitoids (Steffan 1981; Zerova & Seryogina 2006). 

Bugbee (1967) states that the species epithet is used as a catch-all for what is probably a 

species complex that is more host specific than the host list suggests. 

 

Biology - This species attack both larvae and pupae, with one egg laid on each host 

(Pierce 1910). Pierce (1910) lists 12-15 days as the total developmental time from egg to 

adult. McDaniel & Boe (1991) found it took 8 days for pupation. Larvae overwinter, but 

will sometimes emerge during the winter. The lifespan of adult E. cyaniceps averages 20-

26 days (depending on host), but can last up to 79 days (Pierce et al. 1912). This species 

is only active February-June (Pierce et al. 1912). 

 

Host Insects - Bugbee (1967) states that he believes many host records may be 

erroneous, but that this species probably parasitizes weevil larvae and small stem-boring 

moths. Anthribidae - Acraecerus fasciculatus; Bruchidae - Acanthoscelides spp., 

Amblycerus robiniae, Bruchus brachialis, Mimosestes nubigens; Bucculatricidae - 

Bucculatrix fusicola; Chloropidae - Meromyza americana; Coleophoridae - Coleophora 

malivorella; Curculionidae - Anthonomus spp., Apion segnipes, Baris sp., Ceutorhynchus 

obstrictus, Chalcodermus aeneus, Conotrachelus elegans, Cylindrocopturus spp., Lixus 

strobicollis, Macrorhoptus sphaeralciae, Orthoris crotchii, Smicraulax tuberculatus, 

Tachypterellus consors, Tachypterellus quadrigibbus, Trichobaris texana, Trichobaris 
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trinotata, Tyloderma foveolatum; Cynipidae - Aulacidea podagrae; Momphidae - 

Cyphophora eloisella; Pyralidae - Acrobasis caryae; Tortricidae - Ancylis comptana, 

Epiblema strenuana, Grapholitha spp., Laspeyresia caryana, Rhyacionia spp.; 

Xyelidae - Xyela sp. (Noyes 2012). Rogers (1973) also recorded Eurytoma sp. emerging 

from Asphondylia prosopidis galls. 

 

Host Plants - Asteraceae - Ambrosia trifula, Helianthus annuus, Solanum spp.; 

Brassicaceae - Brassica napus; Fabaceae - Astragalus canadensis, Tephrosia virginiana; 

Malvaceae - Gossypium spp.; Onagraceae - Oenothera biennis; Pinaceae - Pinus taeda; 

Polygoniaceae - Polygonum pennsylvanicum (Bugbee 1967; Noyes 2012). Another 

species, E. nodularis, is associated with Prosopis, but parasitizes bees and is found in the 

Palaearctic (Zerova & Seryogina 2006).  

 

Figures - Map - Figure 19. Monthly abundance - Table 4. Illustration - Figure 22d. 

 

Survey Results - Though this species has been associated with a number of insect 

families that could be in mesquite pods, I reared it exclusively from Mimosestes amicus. I 

collected it from Prosopis glandulosa, P. odorata, P. palmeri, P. velutina, and P. 

yaquiana. My surveys extend its range into Baja California Sur. Most collections were 

May-August. 

 

Chryseida bennetti Burks (Hymenoptera: Eurytomidae)  

 



 

 

162 

Taxonomy - Ten species exist in the genus and Burks (1956) provides a key. 

 

Biology - Nothing has been recorded about the life cycle of any species within this genus. 

Host Insects - All species in this genus are bruchid parasitoids (Burks 1971). They are 

believed to parasitize the larvae and pupae (Grissell & Schauff 1990). According to the 

Noyes (2012), it has been recorded parasitizing Acanthoscelides obtectus, Bruchus sp., 

and Merobruchus sp. 

 

Host Plants - Fabaceae - Cajaanus cajan, Havardia brevifolia, Phaseolus vulgaris, 

Rhyncosia sp. (Noyes 2012) 

 

Figures - Map - Figure 20. Monthly abundance - Table 4. Illustration - Figure 22e. 

 

Survey Results - I reared this species from Algarobius johnsoni and A. prosopis. Host 

plant records include Prosopis laevigata, P. odorata, and P. pubescens. The only record 

of this species in the United States is in Texas (Noyes 2012), and so my records in Utah, 

Arizona, and California are new. Phenological records are too few to provide meaningful 

insight. 

 

Brasema brevicauda Crawford (Hymenoptera: Eupelmidae) 

 

Taxonomy - The genus includes 56 species (Noyes 2012). B. brucivora has been 

associated with bruchids, including Mimosestes nubigens, but overlaps very little with the 
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eastern range of Prosopis in the United States. This species is synonymous with 

Eupelmus brevicauda. 

 

Biology - Nothing known, but it is theorized to have a similar life cycle to the closely 

related species Eupelmus cushmani, which is described below. 

 

Host Insects - Bruchidae - Acanthoscelides spp. (Ward et al. 1977; Noyes 2012). 

 

Host Plants - Fabaceae - Prosopis pubescens (Ward et al. 1977) 

 

Figures - Map - Figure 19. Monthly abundance - Table 4. Illustration - Figure 22f. 

 

Survey Results - I found this species exclusively on Prosopis pubescens where it attacks 

Algarobius prosopis. I could not obtain additional georeferenced locations for this 

species, but Noyes (2012) lists it in Arizona and Texas, which matches the distribution of 

Prosopis pubescens. New locality records include California, New Mexico, and Nevada. 

Phenological records are too few to provide meaningful insight. 

 

Eupelmus (Eupelmus) cushmani (Hymenoptera: Eupelmidae) 

 

Taxonomy - As mentioned above, Gibson (2011) treats this subgenus. This species has 

been commonly misidentified as E. cyaniceps, which has never been found on mesquite 

or bruchid beetles (Gibson 2011). It is also sometimes called E. amicus. 
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Biology - Pierce et al. (1912) lists 7-13 days as the developmental time from egg to pupae 

and 3-11 days as the developmental time from pupae to adult. Adult are found only from 

July-September. The lifespan of adult E. cyaniceps averages 21 days, but can last up to 

71 days (Pierce et al. 1912). Pierce et al. (1912) found that E. cyaniceps switches hosts 

sequentially throughout the year, taking advantage of different activity peaks. 

 

Host Insects - Confirmed and likely primary hosts include Bruchidae - Acanthoscelides 

spp., Algarobius prosopis, Amblycerus robiniae, Bruchus spp., Caryobruchus sp., 

Gibbobruchus sp., Meibomeus sp., Megacerus spp., Merobruchus spp., Mimosestes 

acaciestes, M. amicus, M. mimosae, M. nubigens, Sennius spp., and Stator spp.; 

Chrysomelidae - Neochlamisus bebbianae; Curculionidae - Anthonomus spp., Apion 

rostrum, Chalcodermus spp., Pissodes strobi, Smicronyx fulvus, Tylerderma foveolatum, 

and Trichobaris bridwelli; Cynipidae - Dryocsmus kurphilus; Diprionidae - Diprion 

similis; Coleophoridae - Coleophora malivorella; Lasiocampidae - Malacasoma 

americana; Mantidae - Mantis sp.; Momphidae - Mompha eloisella; Psychidae - 

Thyridopteryx ephemeraeformis; Pyralidae - Acrobasis spp., Dioryctria disclusa, and 

Pyrausta grotei; Scolytidae - Scolytus mulistriatus; Sphingidae - Ceratomia catalpae; 

Tortricidae - Cydia caryana, Epiblema stenuana, Grapholita molesta, and Rhyanconia 

frustrana (Gibson 2011). It is also a hyperparasitoid of Bethylidae - Goniozus 

punctaticeps; Braconidae - Agathis acrabasidis, Bracon spp., and Macrocentrus spp.; 

Ichneumonidae - Calliephialtes grapholithae and Glypta sp.; Pteromalidae - Lyrcus 

incertus (Hetz & Johnson 1988; Gibson 2011). 
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Host Plants - Asteraceae - Helianthus angustifolius, Iva annua, Vernonia altissima, 

Xanthium, Silphium laciniatum; Convolvulaceae - Ipomoea spp.; Euphorbiaceae - Croton 

capitatus; Fabaceae - Acacia spp., Albizia occidentalis, Amorpha ssp. Baptisia tinctoria, 

Bauhinia ungulata, Cajanus cajan, Calliandra eriophylla, Calopogonium mucunoides, 

Cassia spp., Cercidum microphyllum, Cercis canadensis, Desmanthus spp., Indigofera 

spp., Leucaena glauca, Lysiloma spp., Mimosa spp., Mimosa biuncifera, Niasolia 

schottii, Parkinsonia microphylla, Piptadenia flava, Pithecellobium spp., Prosopis 

palmeri, P. pubescens, Pseudosamanea guachepele, Rhynchosia minima, Senna 

indecora, Sesbania sp., Tephrosia cinerea, Trifolium pratense, Vachellia farnesiana, 

Vigna peduncularis, Vicia villosa; Koeberiniaceae - Koeberlinia spinosa; Malvaceae- 

Gossypium thurberi, Leuhea seemanii, Sida aggregata, Triumfetta lappula; Meliaceae - 

Melia azedarach; Onagraceae - Ludwigia sp., Oenothera biennis; Pinaceae - Pinus  spp.; 

Rhamnaceae - Condalia lycioides; Rubiaceae - Cephelanthus occidentalis; Santalales- 

Phoradendron leucarpum ?; and Smilacaceae - Smilax sp. (Hetz & Johnson 1988; Gibson 

2011). 

 

Figures - Map - Figure 21. Monthly abundance - Table 4. Illustration - Figure 22g. 

 

Survey Results - I reared this species from Algarobius prosopis, Mimosestes amicus, and 

M. nubigens. It was recorded not just on P. palmeri and P. pubescens, but also P. 

glandulosa, P. odorata, P. tamaulipana, and P. velutina. This is the first record of this 

species in Tamaulipas. All phenological records are early (March-June). 
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Paracrias arizononesis Ashmead (Hymenoptera: Eulophidae) 

 

Taxonomy - This genus includes 13 Nearctic and Neotropical species (Gumovsky 2001). 

This is the first record of any Paracrias species on mesquite or bruchids. 

 

Biology - Nothing known. 

 

Host Insects - Curculionidae (Gumovsky 2001). 

 

Host Plants - Larrea tridentata (Zygophyllaceae) and Chrysothamnus sp. (Asteraceae) 

(Gumovsky 2001). Paracrias sp. is listed by Ward et al. (1977) on mesquite. 

 

Figures - Map - Figure 20. Monthly abundance - Table 4. Illustration - Figure 22h. 

 

Survey Results - Unfortunately, I could not confirm new host records for this species, 

but it likely attacks bruchids. I found it to be abundant on two trees: one P. odorata with 

Mimosestes amicus as the most common seed predator, but A. prosopis and O. 

duodecimstriata also being present and one P. laevigata with A. nicoya being most 

abundant and A. johnsoni also being present. No weevils were collected from either tree. 

 

Microdontomerus sp. nov. Crawford (Hymenoptera: Torymidae) 
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Taxonomy - Grissell (2005) describes nineteen species in North America.  M. anthonomi 

is the only species associated with bruchid beetles.  

 

Biology - Adults of M. anthonomi attack larvae or pupae and lay one egg per host (Pierce 

1908). Pierce (1910) lists the developmental time from egg to pupae for M. anthonomi as 

over 23 days and the developmental time from pupae to adult as 6-9 days. Pierce et al. 

(1912) found this species only in late summer (August-September), with time for just one 

generation per year. 

 

Host Insects - M. anthonomi has been recorded on Anthribidae - Trigonorhinus sp. 

(possibly erroneous - Turner et al. 1990); Braconidae - Bracon mellitor; Bruchidae - 

Acanthoscelides spp., Bruchus spp., Sennius morosus, Stator spp., and Sennius morosus; 

Coleophoridae - Coleophora spp.; Curculionidae - Anthonomus grandis; and Tortricidae 

- Ancylis comptana (Hetz & Johnson 1988; Grissell 2005). Turner et al. (1990) also 

record it on a few species introduced for biological control  

 

Host Plants - M. anthonomi has been recorded in seedpods of Fabaceae - Acacia 

constricta; Astragalus spp., Calliandra eriopylla, Cassia spp., Desmanthus spp., 

Indigofera suffruticosa, Mimosa spp., and Parkinsonia florida (Hetz & Johnson 1988; 

Grissell 2005). 

 

Figures - Map - Figure 20. Monthly abundance - Table 4. Illustration - Figure 22i. 
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Survey Results - I reared this species exclusively from Mimosestes amicus in P. palmeri 

pods in May. 

 

Cephalonomia hyalinipennis Ashmead (Hymenoptera: Bethylidae) 

 

Taxonomy - Evans (1978) covers the nine species in this genus. 

 

Biology - 1-25 eggs are laid on individual eggs or larvae, with more eggs laid on larger 

larvae (Pérez-Lachaud & Hardy 2001). Development takes 19-20 days (Pérez-Lachaud & 

Hardy 1999). Adult females live up to 95 days (mean for mated females = 57 days) 

(Pérez-Lachaud & Hardy 1999). 

 

Host Insects - Bostrichidae - Rhyzopertha dominica; Bruchidae - Callosobruchus 

maculatus; Curculionidae - Caulophilus oryzae, Pissodes terminales, Sitophilus sp.; 

Scolytidae - Conophthorus coniperda, Hypothenemus spp., Pityopthorus sp., and Scolytus 

rugolosus (Evans 1978; Pérez-Lachaud & Hardy 1999, 2001). It also been reportedly 

reared from galls of Amphibolips cinerea (Cynipidae) and Holcaspis omnivora 

(Carabidae) (Ashmead 1893). It is often cited as a possible control agent of 

Hypothenemus hampei on coffee (Pérez-Lachaud & Hardy 1999, 2001). 

 

Host Plants - Rubiaceae - Coffea canephora (Pérez-Lachaud & Hardy 1999). 

 

Figures - Map - Figure 20. Monthly abundance - Table 4. Illustration - Figure 22j. 
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Survey Results - I reared this from Algarobius prosopis. It certainly parasitizes other 

species - probably Algarobius johnsoni and possibly Mimosestes amicus, but I could not 

confirm either record. I collected this species from Prosopis articulata, P. laevigata, and 

P. yaquiana. Evans (1978) states it is widely distributed in the United States, but I was 

unable to obtain any georeferenced locations within the range of Prosopis. I collected this 

species three times in June and once in May. 

 

Bruchid Egg Parasitoids 

 

Horismenus near productus (Ashmead) (Hymenoptera: Eulophidae) 

 

Taxonomy - Burks (1971) provides a key to the 15 species of Horismenus in the 

Nearctic. Hansson et al. (2004) provides a key to H. butcheri Hansson & Aebi (a new 

species), H. depressus Gahan, H. productus, and H. missouriensis (Ashmead). 

Unfortunately, because differences between these species is slight and the volume of 

individuals in samples was high, species were not indentified within this species group 

beyond none of the individuals collecting being H. depressus. Some host races within 

each species have been identified (Espíndola 2006). 

 

Biology - H. butcheri, H. depressus, and H. missouriensis development on 

Acanthoscelides spp. within Phaseolus is very similar takings an average of 35.6±9, 
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29.9±10, and 30.7±10 days respectively (Espíndola 2006). Little else is known about 

these species. 

 

Host Insects 

- H. butcheri has been recorded from Bruchidae; Acanthoscelides sp. and Mimosestes 

amicus (Hansson et al. 2004).  

 

- H. missouriensis has been recorded from Bruchidae; Acanthoscelides spp., Algarobius 

prosopis, Amblycerus spp., Caryedes spp., Ctenocolum crotonae, Gibbobruchus spp., 

Meibomeus sp., Merobruchus spp., Mimosestes acaciestes, M. amicus, M. mimosae, M. 

nubigens, Neltumius texanus, Pygiopachymerus sp., Sennius spp., Spermophagus 

robiniae, and Stator spp.; and Tischeriidae - Tischeria malifoliella (Hetz & Johnson 

1988; Noyes 2012). 

 

- H. productus has been recorded from Bruchidae; Acanthoscelides spp., Algarobius 

prosopis, and Mimosestes amicus (Noyes 2012). 

 

Host Plants  

- H. butcheri has been recorded from Fabaceae; Phaseolus vulgaris (Hansson et al. 2004).  

 

- H. missouriensis has been recorded from Fabaceae; Acacia spp., Aeschynomene spp., 

Albizia spp., Amorpha fruticosa, Astragalus spp., Bauhinia spp., Caesalpinia cacalaco, 

Calliandra erlophylla, Calopogonium spp., Canavalia oxyphylla, Cassia spp., 
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Chaetocalyx latisiliqua, Dalea spp., Desmanthus spp., Desmodium spp., Glycyrrhiza 

lepidota, Indigofera sp, Leucaena spp., Lonchocarpus muehlbergianus, Lotus sp., 

Lysiloma spp., Mimosa spp., Nissolia spp., Parkinsonia spp., Parryella filifolia, 

Phaseolus spp., Piptadenia flava, Pithecellobium spp., Prosopis palmeri, P. velutina, 

Pseudosamanea guachepele, Rhynchosia spp., Senna spp., Sesbania sp., Tephrosia spp., 

and Vigna peduncularis; Lamiaceae - Ocimum micranthum; Malvaceae - Abutilon spp., 

Guazuma ulmifera, Heliocarpus palmeri, Herissantia crispa, Sida spp., and Triumfetta 

spp.;  and Rhamnaceae - Condalia globosa (Hetz & Johnson 1988; Noyes 2012). 

 

- H. productus has been recorded from Fabaceae: Amorpha fruticosa, and Phaseolus spp. 

(Hansson et al. 2004; Noyes 2012). 

 

Figures - Map - Figure 23. Monthly abundance - Table 4. Illustration - Figure 28a. 

 

Survey Results - I reared this species from only Algarobius prosopis, but it likely also 

attacks at least A. johnsoni, A. nicoya, and Mimosestes amicus on Prosopis. I collected it 

from Prosopis glandulosa, P. laevigata, P. odorata, P. pubescens, P. velutina, and P. 

yaquiana. Museum records of these species are sporadic throughout the year. Most 

records from my surveys are from July. 

 

Horismenus texanus (Girault) (Hymenoptera: Eulophidae) 

 

Taxonomy - see Horismenus near productus. 
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Biology - nothing known. 

 

Host Insects - Cecidomyiidae - Mayetiola destructor and Phytophaga destructor; 

Chloropidae - Meromyza americana; Gracillariidae - Phyllonorycter felinelle; and 

Otitidae - Eumetopiella rufipes (Noyes 2012). 

 

Host Plants - Platanaceae - Platanus racemosa (Noyes 2012). 

 

Figures - Map - Figure 24. Monthly abundance - Table 4. Illustration - Figure 28b. 

 

Survey Results - I reared this species from Algarobius bottimeri, A. johnsoni, and A. 

prosopis, a large deviation from previous records on Diptera. I collected it from Prosopis 

glandulosa, P. laevigata, P. palmeri, P. pubescens, P. velutina, and P. yaquiana. Noyes 

(2012) lists this species in Arizona, Texas, New Mexico, and much of the US. Nevada, 

Baja California Sur, and Oaxaca are new records. Most collections were in July and 

August. Given the difference in recorded plant and insect hosts for this species and those 

found in the survey, it seems likely that this represents a new species that is closely 

related to H. texanus, but I saw no morphological differences between the specimens I 

collected and the description by Gahan (1933). 

 

Horismenus bruchophagus Burks (Hymenoptera: Eulophidae) 
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Taxonomy - see Horismenus near productus. 

 

Biology - nothing known. 

 

Host Insects - Bruchidae - Acanthoscelides derifieldi, Merobruchus spp., Mimosestes 

nubigens, and Stator spp. (Hetz & Johnson 1988; Noyes 2012). 

 

Host Plants - Albizia spp. and Desmanthus spp. (Hetz & Johnson 1988). 

 

Figures - Map - Figure 24. Monthly abundance - Table 4. Illustration - Figure 28c. 

 

Survey Results - I reared his species from Algarobius johnsoni. I also collected it from 

pods containing both Algarobius prosopis and M. amicus. New plant host records include 

Prosopis glandulosa, P. laevigata, and P. palmeri. Phenological records are too few to 

provide meaningful insight. 

 

Horismenus lixivorus Crawford (Hymenoptera: Eulophidae) 

 

Taxonomy - see Horismenus near productus. 

 

Biology - nothing known. 
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Host Insects - Curculionidae - Cylindrocopturus adspersus and Lixus spp.; and 

Gracillariidae - Phyllocnistis populiella (Noyes 2012) 

 

Host Plants - Fabaceae - P. glandulosa (Ward et al. 1977) 

 

Figures - Map - Figure 24. Monthly abundance - Table 4. Illustration - Figure 28d. 

 

Survey Results - I reared this species from Algarobius prosopis. No weevils were 

present in any of the samples I collected it in. This is the first record of it attacking 

bruchids. I found this species associated with P. glandulosa, P. pubescens, and P. 

velutina. Noyes (2012) lists this species in Arizona, Texas, and Maine. California is a 

new state record. Phenological records are too few to provide meaningful insight. 

 

Uscana semifumipennis Girault (Hymenoptera: Tricogrammatidae) 

 

Taxonomy - Only two species are described for North America (Bonet et al. 2012), 

though there are 26 worldwide (Pinto 2006). Cryptic species within seem likely. Most 

members of the genus exclusively parasitize bruchid eggs (Van Huis et al. 1990). 

 

Biology - Kapila & Agarwal (1995) reports U. mukerjii lays a maximum of 35 eggs at 

27°C and 62% relative humidity. Female U. lariophaga choose to lay more on larger 

bruchid eggs and emergent adults from larger eggs are prone to be females, suggesting 

that there is a fitness advantage to parasitizing larger eggs (Van Huis & De Rooy 1998). 
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Development time for Uscana ranges from 6-13 days, depending on the species, host 

species, and the temperature (lower temperature increases the development time (Kapila 

& Agarwal 1995). Adults live 2-8 days, with maximum longevity in U. mukerjii being 

20°C (Kapila & Agarwal 1995; Van Huis & De Rooy 1998).  

 

Host Insects - Bruchidae - Acanthoscelides spp., Algarobius prosopis, Althaeus hibisci, 

Bruchus spp., Callosobruchus maculatus, Carydon serratus, Megacerus discoidus, 

Mimosestes amicus, M. nubigens, and Stator spp. (Noyes 2012). 

 

Host Plants - Fabaceae - Acacia sp., Glycyrrhiza lepidota, Pisum sativum, Prosopis 

juliflora; and Convolvulaceae - Calystegia sepium (Ward et al. 1977; Noyes 2012). 

 

Figures - Map - Figure 25. Monthly abundance - Table 4. Illustration - Figure 28e. 

 

Survey Results - I reared this species from Algarobius prosopis and Mimosestes amicus. 

I found it associated with Prosopis glandulosa, P. pubescens, P. odorata, P. velutina, and 

P. yaquiana. I did not collect this species from P. laevigata. This species is also found in 

Europe, Japan, and South America (Noyes 2012). Noyes (2012) lists it in Arizona and 

Texas within the range of Prosopis. I collected it in Sonora, California, Arizona, Nevada, 

Utah, New Mexico, and Texas. It was most abundant in July. 

 

Urosigalphus neobruchi (Gibson) (Hymenoptera: Braconidae) 
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Taxonomy - This genus includes 50 species that are divided into five subgenera in North 

America (Gibson 1972a). The genus parasitizes only bruchid and weevil eggs (Gibson 

1972a). The subgenus Bruchiurosigalphus includes ten species (Gibson 1972a, b), most 

of which feed on Fabaceae, but U. salsola is only known from Salsola pestifer 

(Amaranthaceae). Six species within Bruchiurosigalphus have been collected from 

mesquite bruchids. Of these six, four were collected during this survey. U. durangoensis 

(Gibson), collected on Prosopis laevigata (Gibson 1972b) is found in central Mexico, 

which was not sampled well in this survey. U. mimosestes (Gibson), which has been 

collected on Acacia spp., Lonchocarpus rugosus, Prosopis laevigata (recorded as P. 

juliflora), and Ipomoea simulans (Convolvulaceae) (López-Martínez et al. 2004) was also 

out of range. The known distributions of these species are included in Figure 27. The 

insect host of U. durangoensis is unknown, but U. mimosestes has been recorded to 

parasitize Algarobius johnsoni, Ctenocolum janzeni, Megacerus callirhipis, Mimosestes 

nubigens and M. amicus (Gibson 1972b; López-Martínez et al. 2004).    

 

Biology - Little is known about the biology of this genus. Travaset (1991) found that the 

adults oviposit most often on green pods of Acacia farnesiana and that they can be very 

numerous. Parasitism is of bruchid eggs rather than larvae (Travaset 1991). He also found 

they attack different bruchid species in equal frequency (Traveset 1991). 

 

Host Insects - Bruchidae - Acanthoscelides spp., Algarobius prosopis, Amblycerus 

robiniae, Gibbobruchus sp., Merobruchus spp., Mimosestes acaciestes, M. amicus, M. 
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humeralis, M. mimosae, M. nubigens, M. ulkei, Sennius spp., and Stator spp. (Gibson 

1972a; Hetz & Johnson 1988). 

 

Host Plants - Fabaceae - Acacia spp., Albizia sinaloensis, Bauhinia ungulata, Cassia 

bicapsularis, Havaradia brevifolia, Gleditsia triacanthos, Lysiloma divaricata, Mimosa 

laxiflora, Nissolia schotti, Parkinsonia spp., Prosopis glandulosa (recorded as P. 

juliflora), P. laevigata, P. palmeri; and Rhamnaceae - Ziziphus obtusifolia (Gibson 

1972a; Hetz & Johnson 1988). 

 

Figures - Map - Figure 26. Monthly abundance - Table 4. Illustration - Figure 28f. 

 

Survey Results - In addition to rearing it from previously known hosts Algarobius 

prosopis, Mimosestes amicus, and M. nubigens, I reared this species A. bottimeri, A. 

johnsoni, and A. nicoya. I found U. neobruchi in pods of P. alba, P. articulata, P. 

glandulosa, P. laevigata, P. pubescens, P. odorata, P. velutina and P. yaquiana. This is 

the first record of it in Sonora, Baja California Sur, Guerrero, and Oaxaca. U. neobruchi 

was most abundant June - August. 

 

Urosigalphus bruchi (Crawford) (Hymenoptera: Braconidae) 

 

Taxonomy - See Urosigalphus neobruchi. 

 

Biology - See Urosigalphus neobruchi. 



 

 

178 

 

Host Insects - Bruchidae - Acanthoscelides quadridentatus, Algarobius prosopis, 

Amblycerus spp., Callosobruchus chinensis, Carydon gonagra, Mimosestes amicus, M. 

janzeni, M. mimosae, M. nubigens, M. viduatus, Sennius spp., and Stator limbatus 

(Beardsley 1961; De Luca 1965; Gibson 1972a; Hetz & Johnson 1988) 

 

Host Plants - Fabaceae - Acacia spp., Caesalpinia cacalaco, Cajanus cajan, Cassia 

bicapsularis, Gleditsia spp., Parkinsonia microphylla, Pithecellobium dulce, Prosopis 

glandulosa P. odorata (recorded as P. juliflora), P. pubescens (recorded as "screwbean"), 

P. velutina,  Strombocarpus sp., and Vitis arizonica (Gibson 1972a; Hetz & Johnson 

1988). 

 

Figures - Map - Figure 27. Monthly abundance - Table 4. Not illustrated because it 

superficially is very similar to U. neobruchi. 

 

Survey Results - I reared this species from Algarobius prosopis and Mimosestes amicus. 

U. bruchi occurred in a P. alba x P. velutina hybrid, P. articulata, P. chilenensis P. 

pubescens, P. glandulosa, P. odorata, and P. velutina. This is the first record of this 

species in Sonora. Most records occur July-August. 

 

Urosigalphus bruchivorus (Crawford) (Hymenoptera: Braconidae) 

 

Taxonomy - See Urosigalphus neobruchi. 
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Biology - See Urosigalphus neobruchi. 

 

Host Insects - Bruchidae - Acanthoscelides spp., Algarobius prosopis, Megacerus sp., 

Merobruchus spp., Mimosestes acaciestes, M. amicus, Neltumius arizonensis, N. texanus, 

Stator spp., Sennius medialis (Gibson 1972a; Hetz & Johnson 1988). 

 

Host Plants - Convolvulaceae - Ipomoea simulans; Fabaceae - Acacia spp., Cassia 

leptocarpa, Condalia spathulata, Lysiloma divaricata, Mimosa spp., Nissolia schottii, 

Piptadenia flava, Pithecellobium spp., Pitryocarpa flava, Prosopis odorata (recorded as 

P. juliflora) and P. pubescens (Gibson 1972a; Hetz & Johnson 1988). 

 

Figures - Map - Figure 27. Monthly abundance - Table 4. Not illustrated because it 

superficially is very similar to U. neobruchi. 

 

Survey Results - I reared this species from only Algarobius prosopis. U. bruchivorus 

occurred in P. articulata, P. odorata, P. pubescens, P. velutina, and P. yaquiana. Sonora, 

Utah, Nevada, and Texas are new state records. Most records occur July-August. 

 

Urosigalphus ignotus (Gibson) (Hymenoptera: Braconidae) 

 

Taxonomy - See Urosigalphus neobruchi. 
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Biology - See Urosigalphus neobruchi. 

 

Host Insects - Bruchidae (Gibson 1972a). 

 

Host Plants - Fabaceae - Prosopis odorata (recorded as P. juliflora) (Gibson 1972a). 

 

Figures - Map - Figure 27. Monthly abundance - Table 4. Not illustrated because it 

superficially is very similar to U. neobruchi. 

 

Survey Results - I found U. ignotus at only one location near the type location and it was 

within a pod of P. odorata. Algarobius prosopis was the most abundant bruchid species 

in the sample, but M. amicus was also present. 

 

Tortricid Moth Parasitoids 

 

Habrobracon hebetor Say (Hymenoptera: Braconidae) 

 

Taxonomy - Yu et al. (2005) lists 37 species. This species has been placed variously in 

Microbracon and Bracon. Muesebeck (1925) provides a key to species of Microbracon, 

now split into Habrobracon and Bracon. 

 

Biology - The life cycle takes 12-14 days at 25 °C on Cadra cautella (Benson 1973) and 

10.8 days on Pectinophora gossypiella (Jackson & Butler 1984). Eggs develop in 1.5 
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days, larvae develop in 3 days, and pupae develop in 7 days on both Galleria mellonella 

and Epehstia kuehniella (Amir-Maafi & Chi 2006). Female fecundity averages 326.4 

eggs on Pectinophora gossypiella (Jackson & Butler 1984), 253 eggs on Epehstia 

kuehniella (Clark & Smith 1967), 66.3±7 eggs on Epehstia kuehniell (Amir-Maafi & Chi 

2006), 100 eggs on Cadra cautella (Benson 1973), and 78.3±9 eggs on Galleria 

mellonella (Amir-Maafi & Chi 2006). Females lay an average of three eggs laid per 

larval host (Benson 1973). Adults live 14-23 days depending on sex and host (Benson 

1973; Amir-Maafi & Chi 2006). 

 

Host Insects - Gelechiidae - Pectinophora gossypiella, Sitotroga cerealella; Pyralidae - 

Cadra cautella, Ephestia spp., Galleria mellonella, Plodia interpunctella, Vitula 

edmansii (Muesebeck 1925; Beardsley 1961) 

 

Host Plants - Burseraceae - Canarium indicum; Fabaceae - Glycine max, Prosopis 

juliflora (Egypt); Malvaceae -Theobroma cacao; Poaceae - Zea mays; and Salicaceae - 

Salix longifolia (Muesebeck 1925). 

 

Figures - Map - Figure 27. Monthly abundance - Table 4. Illustration - Figure 30a. 

 

Survey Results - I reared this species from Cydia membrosa, Ofatulena 

duodecemstriata, and Rudenia leguminana. This is the first record of this species in 

North American Prosopis. I collected it from P. glandulosa, P. laevigata, P. odorata, P. 

palmeri, P. pubescens, P. velutina, and P. yaquiana. I could not find any georeferenced 
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locations within the range of Prosopis, but this species is cosmopolitan. I collected 

almost all specimens in June-August. 

 

Apanteles sp. nov. Forster (Hymenoptera: Braconidae) 

 

Taxonomy - Most species within this genus were first described by Muesebeck (1920). 

He includes 164 species. The genus has since been split and numerous additional species 

have been described, but a current revision is needed and many species remain 

undescribed (Fernández-Triana 2010). 

 

Biology - A. flavipes can produce 400 eggs in 4-5 days (Mohyuddin 1971). Larvae of this 

species pupate in 11-21 days and take another 4.5-5.5 days to become adults, depending 

on temperature (Mohyuddin 1971).   

 

Host Insects - Muesebeck (1920) records the host of A. thurberiae as "bollworm on 

Thurberia thespesioides". This undoubtedly refers to Thurberiphaga (Lepidoptera: 

Noctuidae) and Gossypium thurberi (Malvaceae). All species in the genus parasitize 

Lepidoptera larvae (Muesebeck 1920). 

 

Host Plants - Ward et al. (1977) recorded Apanteles on Prosopis alba.  

 

Figures - Map - Figure 29. Monthly abundance - Table 4. Illustration - Figure 30b. 
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Survey Results - I collected this species only three times: in Sonora on P. articulata in 

June with Algarobius prosopis and no moth species; in Arizona on P. odorata in July 

with A. prosopis, Mimosestes amicus, M. protractus, and Ofatulena duodecemstriata; and 

in Arizona on P. velutina in August with A. prosopis, M. amicus, M. protractus, and O. 

duodecemstriata. 

 

Goniozus sp. nov. Förster (Hymenoptera: Bethylidae) 

 

Taxonomy - Evans (1978) remains the authority on the genus, which currently includes 

36 species.  

 

Biology - The typical development in this genus is 1-2 days to for eggs to hatch, 3-5 days 

for larvae to develop, 2-3 days as a prepupae, and 6-10 days of pupation (Gordh & 

Hawkins 1981). Adult longevity varies greatly between species and sexes (females live 

longer) and is dependant on whether the individual has mated, nutrition, temperature, 

host availability, and humidity (Gordh & Hawkins 1981). The range in recorded lifespan 

is from 2-64 days (Gordh & Hawkins 1981). Females of G. emigratus lay an average of 

9-16 eggs per host, the number depending on host size (Gordh & Hawkins 1981), but 

variation in the genus is high with some species laying as many as 60 eggs (Gordh & 

Hawkins 1981). 

 

Host Insects - All species in the genus are associated with microlepidoptera (Evans 

1978; Gordh & Hawkins 1981). Two species have been associated with moth species 
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found on mesquite plants: G. breviceps, G. emigratus, and G. legneri on Amyelois 

transitella (Evans 1978; Gordh & Hawkins 1981). 

 

Host Plants - Goniozus is cited by Ward et al. (1977) as being associated with mesquite 

in Mexico, but most species are found on fruit trees in a variety of families, very few of 

which are Fabaceae (Evans 1978).  

 

Figures - Map - Figure 29. Monthly abundance - Table 4. Illustration - Figure 30c. 

 

Survey Results - I successfully reared this species from Ofatulena duodecemstriata. I 

collected it three times: once in Sonora on P. yaquiana in June, once in Arizona on P. 

odorata in July, and once in Texas on P. glandulosa in August. 

 

Other Parasitoids 

 

Baryscapus bruchophagi Gahan (Hymenoptera: Eulophidae) 

 

Taxonomy - LaSalle (1994) lists 43 species in North America. The genus was previously 

split from Tetrastichus. Burks (1943) provides a key to most species. Other species 

parasitize a variety of insects, including bruchid beetles, weevils, braconid wasps (as 

hyperparasitoids), Contarinia spp., and Aspondylia spp. (Gahan 1942; Rogers 1977; 

Ward et al. 1977; LaSalle 1994; Noyes 2012).  
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Host Insects - Agromyzidae - Tropicomyia atomella; Cecidomyiidae - Asphondylia 

websteri; Curculionidae - Apion seniculus, Hypera postica; Eurytomidae - Bruchophagus 

spp., Eurytoma onobrychidis; Systole spp. (Noyes 2012). Ward et al. (1977) lists 

Tetrostichus spp. as parasitizing Asphondylia prosopidis in Texas (undoubtedly on P. 

glandulosa), but Baryscapus was not found in seeds with Asphondylia prosopidis during 

this study. 

 

Host Plants - Fabaceae - Lotus spp., Medicago spp., Onobrychis viciifolia, and Trifolium 

spp. (Noyes 2012). Center & Johnson (1976) list B. dolosus on Prosopis. 

 

Biology - Urbahns (1917) made observations of this species on alfalfa (Medicago sativa). 

It emerges early (March-July) from dormancy compared to most parasitoids and attacks 

larvae externally on undeveloped seedpods. Larvae become fully developed in under ten 

days, but most start diapause in August and September. Pupation takes 6-35 days. 

 

Figures - Map - Figure 31. Monthly abundance - Table 4.  

 

Survey Results - I always collected this species at locations where Bruchophagus was 

also collected. I found it in pods of P. laevigata, P. palmeri, P. velutina, and P. yaquiana 

and primarily within Mexico. It was most abundant May-June.  

 

Eupelmus (Macroneura) chrysosinamora Gibson (Hymenoptera: Eupelmidae) 
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Taxonomy - This subgenus, which includes seven species, is treated in Gibson (1990). 

 

Biology - see Euplemus cushmani. 

 

Host Insects - This species is considered a primary and secondary parasite of 

Asphondylia spp. (Diptera: Cecidomyiidae), though it has also been reared from 

Coleophoridae - Coleophora klimeschiella and Mantidae - Mantis sp. (Noyes 2012). 

Secondary hosts include: Chalcididae - Spilochalcis sp.; Eulophidae - Galeopsomyia sp. 

and Tetrastichus sp.; Eurytomidae - Rileya tegularis and Tenuipetiolus medicaginus; 

Platygastridae - Platygaster sp.; Pteromalidae - Pseudocatolaccus guizoti; and Torymidae 

- Torymus spp. (Gibson 1990; Noyes 2012). 

 

Host Plants - Chenopodiaceae - Atriplex spp. are considered the main hosts (Gibson 

1990). Other records include: Asteraceae - Artemisia tridentata and Baccharis glutinosa; 

Bignoniaceae - Chilopsis linearis; Chenopodiaceae - Chenopodium album and Salsola 

australis; Fabaceae - Astragalus praelongus; Hydrophyllaceae - Eriodictyon sp. (Gibson 

1990; Noyes 2012). 

 

Figures - Map - Figure 31. 

 

Survey Results - I only collected this species from one locality: P. reptans: TEXAS. 

Cameron Co., -23 ft, Bayside Drive, Laguna Atascosa NWR 22 July 2010 (7 specimens). 
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I did not collect Asphondylia prosopodis from this plant or any P. reptans plants. I was 

unable to determine the host. 

 

Eupelmus (Eupelmus) arizonensis Gibson (Hymenoptera: Eupelmidae) 

 

Taxonomy - This subgenus, which includes fourteen species, is treated in Gibson (2011). 

This species is recently described and is only known from two specimens with nothing 

more known about its biology or host use. 

 

Survey Results - I collected this species from one locality: Prosopis pubescens: 

CALIFORNIA. Riverside Co., 1081 ft, West Wetlands Park, 12th Ave & Water Street 

(near Yuma), 10 April 2008 (3 specimens). It has previously only been recorded at its 

type locality in Cochise Co., AZ. Other species collected from these pods that could be 

potential hosts included (in order of abundance) Algarobius prosopis, Ceratopogon sp., 

Chryseida bennetti, Neltumius gibbithorax, Tricorynus gibbulus, Urosigalphus 

bruchivorus, and Hilara sp. The most likely host is either A. prosopis or Ceratopogon sp. 

 

Pyemotes near boylei Krezal (Acari: Pyemotidae) 

 

Taxonomy - This species is often misidentified as P. ventricosus (Vaivanijkul & 

Haramot 1969), but this is the only species known to parasitize bruchids. 
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Host Insects - Anthribidae - Araecerus levipennis; Bruchidae - Algarobius prosopis and 

Mimosestes nubigens; Coccidae - Ceroplastes rubens; Kalotermitidae - Cryptotermes 

brevis; Pyralidae - Galleria melonella; Scolytidae - Xylosandrus compactus; Tephritidae - 

Dacus spp. and Procideochares utilis (Vaivanijkul & Haramot 1969). 

 

Host Plants - Fabaceae - Cassia spp., Leucana glauca, Prosopis pallida, and Samanea 

saman (Vaivanijkul & Haramot 1969). 

 

Biology - Females are ovoviviparous and give birth to 4-200 offspring, dependant on the 

host species and population density (Vaivanijkul & Haramot 1969). Females immediately 

seek out a host insect and 1-5 individuals are needed to paralyze the host (Vaivanijkul & 

Haramot 1969). After 4-5 days, they begin to give birth and live for approximately 25 

days. Parasitism rates are highest (4.9-9.7%) for A. levipennis in Hawaii (Vaivanijkul & 

Haramot 1969). Adults will occasionally feed on insect eggs, cannibalize neighbors, and 

bites humans causing itchy skin lesions (Vaivanijkul & Haramot 1969). 

 

Survey Results - I collected this species four times: on Algarobius prosopis within P. 

pubescens pods and on A. bottimeri within P. glandulosa pods. This is a somewhat 

surprising result because this species is abundant on M. amicus on Parkinsonia (pers. 

comm. J. Deas). This raises the question of whether Prosopis has fewer predacious mites 

than other plants, which could influence host selection by M. amicus.  

 

Species Predicted and Not Found 
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 A number of seed predators and parasitoids associated with them on Prosopis 

were not collected during these surveys and they merit some discussion.  I cannot prove 

that these records are erroneous, but given the breadth of my survey, it is unlikely that 

any of these species are common seed predators of mature mesquite pods within the area 

covered. It is possible that they complete their life cycle on green pods. 

 Three species were most likley not collected because they have been only 

recorded in central Mexico, which was not surveyed. These include Algarobius atratus, 

Urosigalphus mimosestes, and U. durangoensis. These species probably replace 

congeners in central Mexico and are important components of the community there. 

 Six bruchid species previously recorded on mesquite seeds are probably only rare 

visitors. Johnson (1983) mentions Acanthosceles as a potential seed predator of Prosopis. 

Several species in South America, including A. ferrugineipennis, A. longescutus, and A. 

vagenotatus have been associated with mesquite species (Ward et al. 1977). Despite there 

being many species in North America that overlap in range with mesquite, the only 

species recorded "on mesquite" is A. chiricahuae (Ward et al. 1977), which Kingsolver 

(2004) claims feeds almost exclusively on Mimosa. Carydeon serratus was recorded to 

feed on Prosopis glandulosa and P. pallida in Hawaii and Israel (Bridwell 1920b; 

Kingsolver 2004). It was introduced to Mexico where it feeds primarily on Tamarindus 

indica (Johnson 1983). Sennius discolor was recorded on Prosopis by Cushman in 1911, 

but this has not been substantiated with more recent records (Kingsolver 2004). The main 

host plant is Senna. Bruchus brachialis was recorded "on mesquite" by (Ward et al 1977), 

but subsequent records are lacking (Kingsolver 2004). The main hosts are Lathyrus 

sativus and Vicia spp. (Kingsolver 2004). Stator feeds on a number of Fabaceae seeds. S. 
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limbatus can complete its life cycle in Prosopis glandulosa seeds in the lab, but there is 

no record of it attacking mesquite in nature (Ward et al 1977) despite it feeding on a 

wider variety of plant families and species than any other bruchid species (Kingsolver 

2004). S. pruininus has also been experimentally reared on seeds of P. glandulosa and P. 

velutina (Ward et al 1977; Kingsolver 2004), but again it is unclear whether it will 

naturally attack Prosopis.  

 The status of Amblycerus as a bruchid species that feeds on Prosopis is unsettled. 

Ward et al. (1977) recorded it on Prosopis in California, but the species was not 

identified. Others species of Amblycerus that are not found in area I surveyed have also 

been recorded on Prosopis, including A. epsilon from southern Mexico to Venezuela 

(Johnson 1983), A. martorelli on P. chilensis in the Caribbean (Ward et al. 1977), and A. 

piurae in Peru (Ward et al. 1977).  Species found within the range of North American 

Prosopis include A. ireriae in Texas, for which no host plant information is known, A. 

robiniae in California and Texas on Gleditsia, and A. vitis in Arizona and Texas on Vitis 

arizonica (Kingsolver 2004). 

 Two moth species, Didugua argentilinea (Notodontidae) and Ectomyelois 

ceratoniae (Pyralidae), probably use mesquite seeds only very occasionally.  Johnson 

(1983) lists D. argentilinea as Didigua argentilinea and records it feeding on seeds and 

seedpods of mesquite. It ranges from extreme southern Texas to Veracruz to Costa Rica 

and feeds on a wide variety of plants (Patterson 2012; GBIF 2013; VanDyk 2013). The 

range barely overlaps with any Prosopis species, but may it may occasionally encounter 

P. glandulosa, P. reptans, P. tamaulipana, P. laevigata, and P. juliflora. E. ceratoniae, 

which is synonymous with Spectrobates ceratoniae, has been recorded on a variety of 



 

 

191 

Fabaceae and other families (Ward et al. 1977; Neunzig 1979). Ward et al. (1997) lists it 

on P. juliflora. Neunzig (1979) states that the primary host in the United States is 

Tamarindus indica (Fabaceae). 

 Three lepidopteran species have been recorded on mesquite pods and their 

absence in this survey is unexplained. Haplochrois bipunctella (Elachistidae), which is 

synonymous with Tetanocentria bipunctella, Aetia bipunctella, Aetia crotonella, and 

Chaetocampa crotonella, is listed by Johnson (1983) as feeding on seeds and seedpods of 

mesquite. Landry (2001) records the host plant as Croton engelmannii (the junior 

synonym of C. linheimweri) seeds (Euphorbiaceae) on the Galapagos Islands. This 

species does not overlap well with the range of Haplochrois bipunctella, but other Croton 

species do. Ministrymon leda (Lycaenidae) is listed as Strymon leda by Johnson (1983) as 

feeding on seeds and seedpods of mesquite. Scott (1986) lists P. odorata as the host plant 

and states that the larvae probably feed on flowers. Amyelois transitella (Pyralidae) is 

listed as Paramyelois sp. by Johnson (1983) as feeding on seeds and seedpods of 

mesquite. Neunzig (1979) says it feeds on a variety of legumes and other plants, but does 

not list mesquite as a host plant. 

 Cerceris truncata (Sphecidae) is technically a bruchid parasitoid, but since it 

collects adult beetles and lays eggs on them in the ground, it is not surprising that none 

were sampled from seedpods. Werner (1960) describes it as a mesquite bruchids 

specialist. It may therefore influence bruchid populations significantly when present.   

 Six parasitoid species associated with mesquite and seed predators collected on 

mesquite were not found during surveys. Urosigalphus durangoensis and U. mimosestes 

have already been discussed and were not found because my surveys were not within 
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their range. Lariophagus texanus Crawford (Pteromalidae) has previously been reared 

from A. bottimeri, A. prosopis, M. amicus, and M. nubigens and has been recorded on 

Prosopis palmeri (Hetz & Johnson 1988; Kingsolver 2004). I have no insite on why this 

species was not found during my surveys. Lyrcus incertus (Ashmead) (Pteromalidae), 

which is synonymous with Zatropus incertus,  has been reared from M. amicus and 

collected on P. velutina (Hetz & Johnson 1988). Noyes (2012) lists a large number of 

weevils and a few other bruchid species as primary hosts. I think it likely that this species 

only rarely attacks M. amicus on mesquite. Hyssopus johannseni Crawford (Eulophidae), 

which is synonymous with Hyssopes evetriae, was collected on Cydia sp. and Prosopis 

sp. (Center & Johnson 1976; Schauff 1985). This is probably a rare instance given that 

this species is not found within the US range of any Prosopis species and is generally 

assocaited with Picea rubens (Pinaceae) (Noyes 2012). Euplemus terryi Bridwell 

(Euplemidae), which is synonymous with Charitopodinus terryi, was collected on A. 

prosopis (Kingsolver 2004). This species only occurs in Hawaii (Noyes 2012). 

 

DISCUSSION 

 

 I made several important observations from my surveys of mesquite seed insects. 

First, seed predators are incredibly abundant, with the average sample having a third of 

all seeds being utilized by them. Second, there are often more than one species of seed 

predator feeding on seeds of the same tree. This raises questions about whether these 

species are competing and how they exist in space and time (which are topics explored in 

Appendices D and E). It would appear that some closely related species (such as 
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Algarobius prosopis and A. johnsoni) are separated from one another spatially, others use 

different host species (such as Neltumias gibbithorax and N. arizonensis.), while other 

closely related species are found together often (Algarobius bottimeri and A. prosopis). 

Temporally, some species are active for shorter periods of time throughout the year, but 

most can be found at any time of year. Therefore, there is little evidence of temporal 

niche displacement based on monthly activity. This result may be due to variation in the 

fruiting period of mesquite from year to year or confounding effects of mixing widely 

separated locations. A better test of temporal niche displacement, surveying individual 

trees throughout the year over several years, is part of Appendix D.  

 The impact of parasitoids on seed predators was spatially variable, though at some 

locations the abundance and diversity of parasitoids was exceptionally high. Unlike the 

seed predators, which were almost all specialists on Prosopis, parasitoids were mostly 

generalists. They may be exploiting many different hosts throughout the year to avoid 

unpredictable resources or the species observed could be cryptic host races that are 

actually more specialized than host records suggest. Cryptic parasitoid species of 

Horismenus, for example, that choose hosts on a single species of plant have been 

identified using genetics (S. Kenyon, pers. comm.).   
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Figure 1. Map of the distribution of Prosopis species. Solid shapes represent sampling localities from this study. Open shapes 

represent published and herbaria localities. Two maps (a and b) are presented to make the distributions easier to see.  
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Figure 2. Map of insect samples collected from Prosopis species (filled circles) as well as published and herbaria records (open 

circles). Numbers correspond to localities described in Appendix B.1. Some areas, such as California, Baja California Norte, 

Oklahoma, and northern Texas, with historical records represent localities where Prosopis has since been eliminated by human 

development. Other areas, such as central Mexico, Chihuahua, and the Yucatan peninsula, represent true sampling gaps where I was 

unable to survey because of time, funding, and travel restrictions.   
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Figure 3. Pie chart of the percent abundance of different insect guilds found on mesquite 

seedpods. Some species may be classified in more than one guild, but their classification 

does not alter the chart greatly. Internal seed predators, which represented 94% of total 

insects sampled, and parasitoids, representing which represented 5% of total insects 

sampled were excluded from this chart (and so these insects represent only 0.4% of the 

total number of insects sampled. 
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Figure 4. Map of the distribution and sampled localities of Algarobius prosopis and A. 

johnsoni. Open symbols are museum and published records (Kingsolver 1986; Caterino 

2009; GBIF 2013; SCAN 2013). Closed symbols are records from this survey. 
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Figure 5. Map of the distribution and sampled localities of Algarobius bottimeri, A. 

nicoya, and A. atratus. Open symbols are museum and published records (Kingsolver 

1986; Johnson & Siemens 1997; Caterino 2009; GBIF 2013; SCAN 2013; VanDyk 

2013). Closed symbols are records from this survey. 
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Figure 6. Map of the distribution and sampled localities of Mimosestes amicus. Open 

symbols are museum and published records (Kingsolver & Johnson 1978; Global 

Biodiversity Information Facility 2013; VanDyk 2013). Closed symbols are records from 

this survey. The shaded region represents the estimated range of Parkinsonia aculeata, P. 

florida, P. microphyllum, and P. texana based on published maps (Hawkins et al. 1999; 

Seiler & Peterson 2010; Kartesz 2011; Missouri Botanical Garden 2013; SCAN 2013). 
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Figure 7. Map of the distribution and sampled localities of Mimosestes protractus and M. 

nubigens. Open symbols are museum and published records (Kingsolver & Johnson 

1978; GBIF 2013; SCAN 2013; VanDyk 2013). Closed symbols are records from this 

survey. 
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Figure 8. Map of the distribution and sampled localities of Neltumius gibbithorax. Open 

symbols are museum and published records (Caterino 2009; GBIF 2013; SCAN 2013; 

VanDyk 2013). Closed symbols are records from this survey. 
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Figure 9. Map of the distribution and sampled localities of Neltumius arizonensis. Open 

symbols are museum and published records (Caterino 2009; SCAN 2013; GBIF 2013; 

VanDyk 2013). Closed symbols are records from this survey. 
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Figure 10. Map of the distribution and sampled localities of Ofatulena duodecemstriata. 

Open symbols are museum and published records (Brown et al. 2011; GBIF 2013; Opler 

et al. 2013; Zakharov 2013; VanDyk 2013). Closed symbols are records from this survey. 
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Figure 11. Map of the distribution and sampled localities of Rudenia leguminana. Open 

symbols are museum and published records (Brown et al. 2011; CalPhotos 2013; GBIF 

2013; Zakharov 2013; VanDyk 2013). Closed symbols are records from this survey. 
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Figure 12. Map of the distribution and sampled localities of Cydia membrosa. Open 

symbols are museum and published records (Gilligan 2012; CalPhotos 2013; SCAN 

2013; Zakharov 2013; VanDyk 2013). Closed symbols are records from this survey. 
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Figure 13. Map of the distribution and sampled localities of Tricorynus spp. Open 

symbols are museum and published records (White 1963, 1967; GBIF 2013). Closed 

symbols are records from this survey. 
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Figure 14. Map of the sampled localities of Bruchophagus sp. nov.  
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Figure 15. Photographs of external seed predators of Prosopis (Coleoptera): a. 

Algarobius prosopis large morph from P. velutina, b. A. prosopis small morph from P. 

pubescens, c. A. bottimeri, d. A. nicoya, e. A. johnsoni , f. Mimosestes amicus, g. M. 

protractus, h. Neltumius gibbithorax, i. N. arizonensis, j. Tricorynus fastigiatus, k. 

Hypothenemus sp. nov., and l. Apion sordidum. 
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Figure 16. Illustrations of external seed predators of Prosopis (Lepidoptera & Hymenoptera):a. Ofatulena duodecemstriata, b. 

Rudenia leguminana, c. Cydia membrosa, and d. Bruchophagus sp. nov. 
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Figure 17. Map of the sampled localities of Heterospilus prosopidis. Open symbols are 

museum and 
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Figure 18. Map of the sampled localities of Stenocorse bruchivora and Glyptocolastes 

texanus. Open symbols are museum and published records (GBIF 2013). Closed symbols 

are records from this survey. 
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Figure 19. Map of the sampled localities of Eurytoma tylerdermatis and Brasema 

brevicauda. Open symbols are museum and published records (Pierce 1908; GBIF 2013). 

Closed symbols are records from this survey. 
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Figure 20. Map of the sampled localities of Chryseida bennetti, Paracrias arizononesis, 

Microdontomerus sp. nov., and Cephalonomia hyalinipennis. Open symbols are museum 

and published records (Gumovsky 2001; GBIF 2013). Closed symbols are records from 

this survey. 
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Figure 21. Map of the sampled localities of Eupelmus cushmani. Open symbols are 

museum and published records (Gibson 2011). Closed symbols are records from this 

survey. 
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Figure 22. Illustrations of larval bruchid parasitoids of Prosopis: a. Heterospilus 

prosopidis, b. Stenocorse bruchivora, c. wing of Glyptocolastes texanus, d. Eurytoma 

tylerdermatis, e. Chryseida bennetti, f. Brasema brevicauda, g. Eupelmus cushmani, h. 

Paracrias arizononesis, i. Microdontomerus sp. nov., and j. Cephalonomia hyalinipennis. 
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Figure 23. Map of the sampled localities of Horismenus butcheri / H. missouriensis /      

H. productus. Open symbols are museum and published records (Hansson et al. 2004; 

Bonet 2008; GBIF 2013). Closed symbols are records from this survey. 
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Figure 24. Map of the sampled localities of Horismenus texanus, H. bruchophagus, and 

H. lixivorus. Open symbols are museum and published records (GBIF 2013). Closed 

symbols are records from this survey. 
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Figure 25. Map of the sampled localities of Uscana semifumipennis. Open symbols are 

museum and published records (GBIF 2013). Closed symbols are records from this 

survey. Based on its distribution, this species appears riparian. 
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Figure 26. Map of the sampled localities of Urosigalphus neobruchi. Open symbols are 

museum and published records (Gibson 1972a). Closed symbols are records from this 

survey. 
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Figure 27. Map of the sampled localities of Urosigalphus bruchi, U. bruchivorus, U. 

ignotus, U. durangoensis, and U. mimosestes. Open symbols are museum and published 

records (Gibson 1972a, b). Closed symbols are records from this survey. 
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Figure 28. Illustrations of egg bruchid parasitoids of Prosopis: a. Horismenus missouriensis, b. Horismenus texanus, c. H. 

bruchophagus, d. H. lixivorus, e. Uscana semifumipennis, and f. Urosigalphus neobruchi.  
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Figure 29. Map of the sampled localities of Habrobracon hebetor, Apanteles sp. nov., 

and Goniozus sp. nov. Open symbols are museum and published records (GBIF 2013). 

Closed symbols are records from this survey. 
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Figure 30. Illustrations of tortricid moth parasitoids of Prosopis: a. Habrobracon hebetor, 

b. Apanteles sp. nov., and c. Goniozus sp. nov. 
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Figure 31. Map of the sampled localities of Baryscapus bruchophagi. Open symbols are 

museum and published records (Urbahns 1917). Closed symbols are records from this 

survey. 
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Table 1. Abundance of internal seed predators collected during surveys. Sampling 

required refers to a calculation which predicts the number of seedpods needed before an 

individual will be found with 95% confidence and is based on the number of individuals 

collected per amount of seedpods per tree collected that included that species. A value of 

1 means it would only take one seedpod to sample that species. A value over 100 means 

my sample size per tree was insufficient to collect this species because of its rarity. 

 

Family Species # Collected Sampling Required 

Algarobius prosopis 77993 1 

Algarobius bottimeri 7596 1 

Algarobius nicoya 346 6.2 

Algarobius johnsoni 318 6.9 

Mimosestes amicus 18344 1 

Mimosestes protractus 548 42.2 

Mimosestes nubigens 33 20.2 

Neltumius gibbithorax 1159 7.7 

Bruchidae 

Neltumius arizonensis 60 235.3 

Ofatulena duodecemstriata 1332 32.8 

Rudenia leguminana 66 93.6 Totricidae 

Cydia membrosa 5 417.9 

Anobiidae Tricorynus spp. 231 27.7 

Eurytomidae Bruchophagus sp. nov. 31 143.5 

Hypothenemus sp. nov. 9 65.1 
Curculionidae 

Apion sordidum 5 837.3 

TOTAL:   108076   
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Table 2. Abundance of parasitoids collected during surveys. Sampling required refers to a 

calculation which predicts the number of seedpods needed before an individual will be 

found with 95% confidence and is based on the number of individuals collected per 

amount of seedpods per tree collected that included that species. A value of 1 means it 

would only take one seedpod to sample that species. A value over 100 means my sample 

size per tree was insufficient to collect this species because of its rarity.  

 
Host Guild Species # Collected Sampling Required 

Heterospilus prosopidis 2745 11.6 

Stenocorse bruchivora  98 81.2 

Eurytoma tylerdermatis 64 55.6 

Brasema brevicauda 33 180.1 

Paracrias arizononesis 12 48.4 

Eupelmus cushmani 12 248.1 

Chryseida bennetti 9 164.9 

Glyptocolastes texanus 6 98.4 

Microdontomerus sp. nov. 5 190.2 

Bruchidae (larvae) 

Cephalonomia hyalinipennis 4 298.1 

Horismenus near productus  1386 16.6 

Uscana semifumipennis 711 36.8 

Urosigalpus neobruchi 210 72.7 

Urosigalpus bruchi 195 64.6 

Horismenus texanus 117 86.1 

Urosigalphus bruchivorus 92 129.6 

Horismenus bruchiphagus 21 55.6 

Horismenus lixivorus 9 173.2 

Bruchidae (eggs) 

Urosigalphus ignotus 1 298.1 

Habrobracon hebetor  264 141.2 

Goniozus sp. nov. 7 126.9 Totricidae 

Apantheles sp. nov. 4 298.1 

Bruchophagus sp. nov. Baryscapus bruchophagi 81 39.9 

Asphondylia prosopodis Eupelmus chrysosinamora 7 41.3 

Bruchidae (adults) Pyemotes boylei 5 238.2 

unknown Eupelmus arizonensis 3 98.4 

TOTAL:   6101   
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Table 3. Monthly abundance of internal seed predators. The number of times a species 

was collected during each month are displayed with darker cells representing more 

records. Multiple individuals collected on the same day by the same collector were 

considered as a single point. "Historical" records are museum records of adults and 

"present" records are of seedpods from which adults eventually emerged in this survey. 

 

Species record O N D J F M A M J J A S 

historical 15 19 12 12 10 9 30 31 29 55 50 25 
Algarobius prosopis 

present 2   1     1   6 14 72 27 2 

historical 5 5 2 1 1 6 12 11 15 4 6 1 
Algarobius bottimeri 

present         1 18 14  

historical     2 1 1 3     1 2     
Algarobius nicoya 

present                 9       

historical      2   7 5 3  
Algarobius johnsoni 

present 2  1     6 7  2 1 

historical 13 15 7 2 2 8 5 4 23 28 20 13 
Mimosestes amicus 

present               5 14 62 31 1 

historical 4 1  1 2 12 11 2 9 36 8 4 
Mimosestes protractus 

present        1 5 27 6  

historical 4 4 9 9 9 35 13 6 38 58 21 17 
Mimosestes nubigens 

present                   1   1 

historical  2 1 1 2  3 2 1 1 2 1 
Neltumius gibbithorax 

present 2     1    4 4  

historical 4 5 5 2 2 1 2 6 3 11 4 4 
Neltumius arizonensis 

present     1             12 2   

historical     1  5 16 13 11 15 3 
Ofatulena duodecemstriata 

present         1 48 19 1 

historical   1     1 1 4 1   1 1   
Rudenia leguminana 

present               1   5 2   

historical             1 6 10 6 3 3 
Cydia membrosa 

present                   2 1   

historical 1       3 4 5 6 1       
Tricorynus congruus 

present                 1   1   

historical       2 1     
Tricorynus fastigiatus 

present          4   

historical                     1   
Tricorynus gibbulus 

present                   6     

historical        1    1 
Tricorynus megalops 

present          1   

historical                 1       
Tricorynus pinguis 

present               1 1   1   

Tricorynus texanus historical 2 2       2 1 4 3 2   2 

Tricorynus tumidus historical           1 1 1 1 1     

Tricorynus vaccuus historical    1         

Bruchophagus sp. nov. present 1             1 1 4 3   

Hypothenemus sp. nov. present          2   

historical             2   2   4   
Apion sordidum 

present                 1 3     



 

 

250 

Table 4a. Monthly abundance of parasitoids (of bruchid larvae). The number of times a species was collected during each month is 

displayed with darker cells representing more records. Multiple individuals collected on the same day by the same collector were 

considered as a single point. "Historical" records are museum records of adults and "present" records are of seedpods from which 

adults eventually emerged in this survey. 

 
Host Guild Species record O N D J F M A M J J A S 

historical              1       
Heterospilus prosopidis 

present        4 4 40 13  

historical 1 2 5 5 1 2 1       1   
Stenocorse bruchivora  

present         2 5 5 5 1       

historical     1 3  1  1   
Eurytoma tylerdermatis 

present     3  2 3     

Brasema brevicauda present   1 1       3 2   2     

historical         1 5 3 5 2       
Paracrias arizononesis 

present           1   1         

Eupelmus cushmani present       3 3 1    

historical     1   1 1     2     1 
Chryseida bennetti 

present           1 2           

historical                 1       
Glyptocolastes texanus 

present                 1   1   

Microdontomerus sp. nov. present               3         

Bruchidae (larvae) 

Cephalonomia hyalinipennis present               1 3       
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Table 4b. Monthly abundance of parasitoids (not of bruchid larvae). 
Host Guild Species record O N D J F M A M J J A S 

Horismenus butcheri historical     6 8 4 1             

Horismenus missouriensis historical 9 4 37 18 3 41 7  7 15 6 1 

Horismenus productus historical 1 6 5 10  2 2 1 12 31 8 9 

Horismenus near productus  present 2   1   1 1     6 16 9 2 

Horismenus texanus present         1     1 2 5 7   

Horismenus bruchiphagus present               1 2 1     

historical 1                       
Horismenus lixivorus 

present     1             1 1   

historical 1                       
Uscana semifumipennis 

present           1     8 24 10 2 

historical  1  1  1  1 1 1   
Urosigalphus neobruchi 

present   1     1 9 15 6  

historical   1     1   3 1 4 10 9 4 
Urosigalphus bruchi 

present                 1 13 4 1 

historical 1         1 1   1     1 
Urosigalphus bruchivorus 

present         1       1 9 4 1 

historical          1   
Urosigalphus ignotus 

present                   1     

Bruchidae (eggs) 

Urosigalphus mimosestes historical        1  3 2  

Habrobracon hebetor  present               1 6 35 6   

Goniozus sp. nov. present         1 1 1  Totricidae 

Apantheles sp. nov. present                 1 1 1   

historical 1 1         2   1 1 2 3 Bruchophagus sp. nov. Baryscapus bruchophagi 
present               3 5 2 1   
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APPENDIX B. SUPPLEMENTAL MATERIAL 1 - ARTHROPOD COMMUNITY SAMPLING LOCALITIES 

 

 The following list includes all of the locations of trees that I sampled for insects. ID numbers correspond to the Figure 1 maps.    

 

ID# species Locality Latitude Longitude 

1 P. pubescens USA: California: Inyo Co.: Ballarat 36.03346 -117.217 

2 P. pubescens USA: Nevada: Nye Co.: Ash Meadows National Wildlife Refuge - near Longstreet 36.41792 -116.313 

3 P. pubescens USA: Nevada: Clark Co.: Logandale (south) 36.55011 -114.45 

4 P. pubescens USA: Nevada: Clark Co.: Blue Point Springs 36.38343 -114.417 

5 P. pubescens USA: Utah: Washington Co.: Washington 37.13353 -113.45 

6 P. pubescens USA: Arizona: Mohave Co.: Bullhead City, Heritage Park 35.1718 -114.568 

7 P. pubescens USA: Arizona: Mohave Co.: Lake Havasu, London Bridge rd 34.5167 -114.367 

8 P. pubescens USA: Arizona: Mohave Co.: Mesquite Bay North, Lake Havasu NWR 34.50026 -114.367 

9 P. pubescens USA: Arizona: Mohave Co.: Bill Williams NWR 34.29182 -114.105 

10 P. pubescens USA: California: Riverside Co.: Mayflower County Park 33.66674 -114.533 

11 P. pubescens USA: Arizona: Yuma Co.: Mittry Lake, Imperial Dam 32.83347 -114.433 

12 P. pubescens USA: California: Riverside Co.: West Wetlands Park, 12th Ave & Water Street 32.72876 -114.635 

13 P. pubescens USA: Arizona: Pima Co.: U. of Arizona campus, E. side of student Union 32.23315 -110.951 

14 P. pubescens USA: Arizona: Pima Co.: Tucson 32.2217 -110.926 

15 P. pubescens USA: New Mexico: Socorro Co.: Bosque Del Apache 33.8692 -106.843 

16 P. pubescens USA: New Mexico: Sierra Co.: Caballo Dam 32.89646 -107.292 

17 P. pubescens USA: New Mexico: Dona Ana Co.: Rincon 32.67246 -107.066 

18 P. pubescens USA: New Mexico: Dona Ana Co.: N. of Las Cruces, 10 mi S. of Radium Springs 32.36678 -106.834 

19 P. pubescens USA: Texas: El Paso Co.: 2.8 miles S. of Fabens 31.46671 -106.117 

20 P. pubescens USA: Texas: El Paso Co.: 2 miles S. of Tornillo 31.4168 -106.05 

21 P. pubescens USA: Texas: Brewster Co.: Terlingua Creek crossing HWY 170 29.32739 -103.554 

22 P. pubescens USA: Texas: Brewster Co.: Boquillas Hot Springs parking lot 29.1775 -102.999 

23 P. reptans USA: Texas: Cameron Co.: 8 mi. N. Los Fresnos 26.15025 -97.4667 

24 P. reptans USA: Texas: Cameron Co.: Bayside Drive, Laguna Atascosa NWR 26.17928 -97.3444 
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25 P. reptans USA: Texas: Cameron Co.: Laguna Vista 26.1033 -97.2961 

26 P. reptans USA: Texas: Cameron Co.: W. of Port Isabel 26.07145 -97.2295 

27 P. reptans USA: Texas: Cameron Co.: HWY 4 to Boca Chica, 5 miles E. from Brownsville 25.95357 -97.3217 

28 P. palmeri Mexico: BCS: ~1 km NW. of Ciudad Insurgentes 25.26667 -111.8 

29 P. palmeri Mexico: BCS: N. of Loreto (km 18 on HWY 1) 25.33333 -111.633 

30 P. palmeri Mexico: BCS: S. of Loreto (km 69 on HWY 1) 25.26667 -111.267 

31 P. palmeri 
Mexico: BCS: ~13 km S. of Ciudad Constitucion (km 201 on HWY 1), just N. of Villa 

Moreles 
24.95 -111.633 

32 P. palmeri Mexico: BCS: ~69 km S. of Ciudad Constitucion (km 145 on HWY 1) 24.58346 -111.367 

33 P. velutina USA: Arizona: Yavapai Co.: Cornville 34.7178 -111.921 

34 P. velutina USA: Arizona: Maricopa Co.: 18 miles W. of Wickenburg 33.93349 -113.05 

35 P. velutina USA: California: Riverside Co.: 1 mile S. of Coachella 33.65025 -116.133 

36 P. velutina USA: Arizona: Yuma Co.: mm 76 33.2625 -114.246 

37 P. velutina USA: Arizona: Pima Co.: mm 49, 24 mi S. of Ajo 32.30023 -112.75 

38 P. velutina USA: Arizona: Pima Co.: mm 77, 24 m. E. of Why 86 32.18337 -112.367 

39 P. velutina USA: Arizona: Pima Co.: mm 85, 32 m. E. of Why 86 32.16681 -112.217 

40 P. velutina USA: Arizona: Pinal Co.: HWY 10, by prison, 1.4 mile N. of exit 211A to Picacho 32.71 -111.52 

41 P. velutina USA: Arizona: Pima Co.: Catalina State Park 32.4167 -110.938 

42 P. velutina 
USA: Arizona: Pima Co.: behind Mountain Shadows Presbyterian Church, Mountaineer 

Drive, off Oracle, N. of Tucson 
32.46 -110.92 

43 P. velutina USA: Arizona: Pima Co.: Ventura trailhead, Tucson 33.33333 -110.85 

44 P. velutina USA: Arizona: Pima Co.: Prince Rd & Soldier Trail 32.283 -110.733 

45 P. velutina USA: Arizona: Pima Co.: Tanque Verde Rd & Catalina HWY 32.25877 -110.798 

46 P. velutina USA: Arizona: Pima Co.: Tucson 32.2217 -110.926 

47 P. velutina USA: Arizona: Pima Co.: Grant & Wilmot, Tucson 32.22063 -110.86 

48 P. velutina USA: Arizona: Pima Co.: Agua Caliente Park 31.28333 -110.733 

49 P. velutina 
USA: Arizona: Pima Co.: Ajo Way & Post Vale Rd., 6 km E of 3 points on HWY 86, mm 

150 
32.17785 -110.986 

50 P. velutina USA: Arizona: Pima Co.: bridge over Santa Rita river 31.85255 -110.984 
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51 P. velutina 
USA: Arizona: Pima Co.: Santa Rita Experimental Range, 4 miles from HWY 17, 2.3 

from RR tracks 
31.83333 -110.95 

52 P. velutina USA: Arizona: Pima Co.: Buenos Aires NWR 31.55 -111.55 

53 P. velutina USA: Arizona: Santa Cruz Co.: Ruby Road 31.4611 -111.238 

54 P. velutina USA: Arizona: Cochise Co.: junction of HWY 191 & HWY 10, 12.5 miles E. of Willcox 32.36047 -109.669 

55 P. velutina USA: Arizona: Cochise Co.: Portal 31.9137 -109.141 

56 P. velutina Mexico: Sonora: 1 km S. of Santa Ana on HWY 15, 172 km N. of Hermosillo 30.56693 -111.067 

57 P. velutina Mexico: Sonora: 19 km N. of Los Chinos on HWY 15, 99 km N. of Hermosillo 29.95008 -111.1 

58 P. velutina Mexico: Sonora: 86 km N. Guaymas 28.7667 -110.967 

59 P. tamaulipana Mexico: Tamaulipas: 46 km NW of Ciudad Victoria 24.10024 -99.1836 

60 P. tamaulipana Mexico: Tamaulipas: ~2 km N. of Tula 23.95023 -99.7336 

61 P. tamaulipana Mexico: Tamaulipas: CF Francisco Zorilla, 2 km N. of Hejido Alamita 23.47757 -99.3556 

62 P. tamaulipana Mexico: Tamaulipas: Jumave 23.42425 -99.372 

63 P. tamaulipana Mexico: Tamaulipas: EJ Monte Redondo, 102 km N. of Tula 23.38341 -99.4336 

64 P. tamaulipana Mexico: Tamaulipas: 3 km W. of Calentadores 22.16676 -98.0834 

65 P. mezcalana Mexico: Guerrero: Coyuca de Catalan, beside Rio Balsas 18.31667 -100.7 

66 P. mayana Mexico: Yucatan: Chuburna Puerto, near Progreso 21.17539 -89.8121 

67 P. odorata USA: Nevada: Clark Co.: Logandale (north) 36.60004 -114.483 

68 P. odorata USA: Nevada: Clark Co.: Logandale (south) 36.55011 -114.45 

69 P. odorata USA: Nevada: Clark Co.: 160, just outside Las Vegas 36.01672 -115.283 

70 P. odorata USA: Arizona: Mohave Co.: Willow Bend 36.86681 -114.65 

71 P. odorata USA: California: Kern Co.: Enos Ln & Kern River, N. of HWY 5 35.28361 -119.25 

72 P. odorata USA: Arizona: Mohave Co.: Littlefield, near Virgin River 36.55012 -113.917 

73 P. odorata USA: Arizona: Mohave Co.: Bullhead City, Heritage Park 35.1718 -114.568 

74 P. odorata USA: Arizona: Mohave Co.: Catfish Paradise, Havasi NWR, near Toprock 34.74207 -114.485 

75 P. odorata USA: Arizona: Yavapai Co.: Yavapai Co. 30, Cornville, 0.3 miles from Pipe Springs Rd 34.71 -111.92 

76 P. odorata USA: Arizona: Mohave Co.: near Cofer Hot Springs (near Wikieup) 34.68922 -113.596 

77 P. odorata USA: Arizona: Mohave Co.: Big Sandy River (N. of Wikieup) 34.6652 -113.583 

78 P. odorata USA: Arizona: Mohave Co.: Bill Williams NWR 34.29182 -114.105 
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79 P. odorata USA: California: San Bernardino Co.: Parker, road near river 34.15018 -114.3 

80 P. odorata USA: California: Riverside Co.: 33 miles N. of Blythe (mile marker 31 on HWY 95) 34.01737 -114.485 

81 P. odorata USA: Arizona: Maricopa Co.: Exit 236 off HWY 17, Table Mesa 33.967 -112.117 

82 P. odorata USA: Arizona: Maricopa Co.: 18 miles W. of Wickenburg 33.93349 -113.05 

83 P. odorata USA: Arizona: Maricopa Co.: Hassayamba Rest Area, near Wickenburg 33.9081 -112.674 

84 P. odorata USA: Arizona: La Paz Co.: Centennial Park, off HWY 60, near Wendon 33.7836 -113.55 

85 P. odorata USA: California: Riverside Co.: Mayflower County Park 33.67118 -114.535 

86 P. odorata USA: California: Riverside Co.: just outside Mayflower County Park 33.65007 -114.533 

87 P. odorata USA: California: Riverside Co.: 1 mile S. of Coachella 33.65025 -116.133 

88 P. odorata USA: Arizona: Maricopa Co.: St. Jones Rd., S. of Laveen 33.30782 -112.193 

89 P. odorata USA: Arizona: Pinal Co.: Sacaton 33.07332 -111.72 

90 P. odorata USA: Arizona: Pinal Co.: HWY 10, Sacaton rest area 33.01 -111.76 

91 P. odorata USA: California: San Diego Co.: Vallerito County Park 32.96683 -116.35 

92 P. odorata USA: California: Imperial Co.: Alamos River & Flaris Rd, E. El Centro 32.88334 -115.45 

93 P. odorata USA: Arizona: Yuma Co.: Mittry Lake, Imperial Dam 32.83347 -114.433 

94 P. odorata USA: Arizona: Cochise Co.: Bowie 32.31688 -109.5 

95 P. odorata 
USA: Arizona: Pima Co.: Santa Rita Experimental Range, 4 miles from HWY 17, 2.3 

miles from RR tracks 
31.83333 -110.95 

96 P. odorata USA: Arizona: Pima Co.: Agua Caliente Park 31.28333 -110.733 

97 P. odorata Mexico: Sonora: 19 km N. of Ciudad Obregon 27.60009 -110.033 

98 P. odorata USA: New Mexico: Lincoln Co.: 11 mile N. of Three Rivers 33.46999 -106.059 

99 P. odorata USA: New Mexico: Otero Co.: 1 mile N. of Three Rivers 33.34276 -106.083 

100 P. odorata USA: New Mexico: Dona Ana Co.: Anthony 31.99515 -106.582 

101 P. odorata USA: Texas: Culberson Co.: 5 miles S. of Guadalupe Mountain MP 31.86675 -104.817 

102 P. odorata USA: Texas: El Paso Co.: 4 miles S. of Tornillo 32.24297 -106.033 

103 P. odorata USA: Texas: Hudspeth Co.: HWY 62/180, 12 miles W. of Dell City Junction 31.75025 -105.384 

104 P. odorata USA: Texas: Culberson Co.: ~2 m S. Van Horn, HWY 90 30.95081 -104.813 

105 P. odorata USA: Texas: Pecos Co.: 20 miles W. of Sanderson 30.1721 -102.702 

106 P. odorata USA: Texas: Terrell Co.: 8 mi. W. of Sanderson 30.15019 -102.5 
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107 P. odorata USA: Texas: Brewster Co.: ~1 m W Panther junction, Big Bend NP 29.3334 -103.226 

108 P. odorata USA: Texas: Webb Co.: Laredo 27.41693 -99.4669 

109 P. glandulosa Mexico: Coahuila: 31 km N. of Monoclova 27.1336 -101.25 

110 P. glandulosa Mexico: Coahuila: 10 km N. of Monoclova 26.98337 -101.367 

111 P. glandulosa Mexico: Coahuila: 131 km N. of Santillo, 12 km N. of San Lazaro 26.40002 -1001.35 

112 P. glandulosa Mexico: Coahuila: Santillo, ~18 km from junction of 57/54, 8 km from Puenta Ryas 25.53355 -100.85 

113 P. glandulosa USA: New Mexico: Quay Co.: Montoya 35.0835 -104.083 

114 P. glandulosa USA: New Mexico: Guadalupe Co.: Santa Rosa county line 34.91683 -104.684 

115 P. glandulosa USA: New Mexico: Socorro Co.: 1 mile S. Socorro 33.43358 -107.233 

116 P. glandulosa USA: New Mexico: Dona Ana Co.: Las Cruces, by roadrunner exit 32.36692 -106.85 

117 P. glandulosa USA: New Mexico: Deming Co.: 1 miles E. of Gage 32.23262 -108.07 

117 P. glandulosa USA: New Mexico: Luna Co.: Gage 32.21686 -108.083 

118 P. glandulosa USA: New Mexico: Hidalgo Co.: Separ 32.20002 -108.417 

119 P. glandulosa USA: New Mexico: Dona Ana Co.: Anthony 31.99515 -106.582 

120 P. glandulosa USA: Texas: Hale Co.: 31 miles N. of Lubbock 34.00006 -101.85 

121 P. glandulosa USA: Texas: Lynn Co.: 26 mi. M. of Lamesa 33.0835 -100.8 

122 P. glandulosa USA: Texas: Howard Co.: Big Springs 32.21694 -101.467 

123 P. glandulosa USA: Texas: Tom Green Co.: San Angelo, Rio Concho 31.40023 -100.434 

124 P. glandulosa USA: Texas: Hudspeth Co.: mm 65, 7 mi W. of Fort Hancock on HWY 10 31.38444 -105.929 

125 P. glandulosa USA: Texas: Pecos Co.: Sheffield 30.68508 -100.826 

126 P. glandulosa USA: Texas: Jeff Davis Co.: Valentine 30.59603 -104.5 

127 P. glandulosa USA: Texas: Kimble Co.: Junction 30.4892 -99.7717 

128 P. glandulosa USA: Texas: Kimble Co.: parking area on HWY 10, exit 457 30.48445 -99.746 

129 P. glandulosa USA: Texas: Brewster Co.: Alpine 30.369 -103.629 

130 P. glandulosa USA: Texas: Presidio Co.: 7.5 miles E. of Marfa 30.27637 -103.89 

131 P. glandulosa USA: Texas: Terrell Co.: 8 mi. W. of Sanderson 30.15019 -102.5 

132 P. glandulosa USA: Texas: Val Verde Co.: 31 mi. E. of Dryden 29.85012 -101.684 

133 P. glandulosa USA: Texas: Val Verde Co.: 1 mi. E. of Del Rio 29.38349 -100.717 
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134 P. glandulosa USA: Texas: Bexar Co.: San Antonio 29.28333 -98.3836 

135 P. glandulosa USA: Texas: Uvalde Co: Uvalde, just on northern outskirts of town 29.23928 -99.7917 

136 P. glandulosa USA: Texas: Maverick Co: Eagle Pass, mile marker 277, Seco Creek 28.74462 -100.497 

137 P. glandulosa USA: Texas: Dimmit Co: Carrizo Springs 28.53343 -99.8336 

138 P. glandulosa USA: Texas: Nueces Co: 1 mi. W. Corpus Christi 27.93345 -97.65 

139 P. glandulosa USA: Texas: Webb Co: HWY 58, 18 miles NE of Laredo 27.598 -99.2565 

140 P. glandulosa USA: Texas: Webb Co: HWY 2895, N. of Aguilares 27.55014 -99.0502 

141 P. glandulosa USA: Texas: Kleberg Co: Riviera 27.30502 -97.8156 

142 P. glandulosa USA: Texas: Zapata Co: HWY 16, 2 mi. E. of Escobas 27.06691 -98.9669 

143 P. glandulosa USA: Texas: Zapata Co: 0.3 miles E. of Falcon on HWY 83 26.62187 -99.0909 

144 P. glandulosa USA: Texas: Brooks Co: Rachel 26.90006 -98.1334 

145 P. glandulosa USA: Texas: Starr Co: HWY 83, W. of Roma high school 26.44123 -99.0261 

146 P. glandulosa USA: Texas: Starr Co: Rio Grande City 26.36669 -98.7835 

147 P. glandulosa USA: Texas: Starr Co: 0.5 miles S. of Rio Grande City on HWY 83 26.34937 -98.7598 

148 P. glandulosa 
USA: Texas: Hidalgo Co: N. of Zaldreas Park, ~2 miles S. on HWY 494 from junct. with 

HWY 83 
26.1575 -98.326 

149 P. glandulosa USA: Texas: Cameron Co: just outside Laguna Atascosa NWR 26.20227 -97.3521 

150 P. glandulosa USA: Texas: Cameron Co: 8 mi. N. Los Fresnos 26.15025 -97.4667 

151 P. glandulosa USA: Texas: Cameron Co: HWY 4 to Boca Chica, 3 miles E. from Brownsville 25.94721 -97.3493 

152 P. glandulosa Mexico: Tamaulipas: 4 km S. of Moquetito, 62 km S. of Matamoros 25.45005 -97.8002 

153 P. glandulosa Mexico: Tamaulipas: 92 km S. of Matamoros 25.08346 -98.05 

154 P. articulata Mexico: Sonora: Puenta el Molina, 17 km N. of Magdalena de Kino 30.75012 -110.85 

155 P. articulata Mexico: Sonora: 6 km S. of Los Chinos on HWY 15, 80 km N. of Hermosillo 29.81667 -111.067 

156 P. articulata Mexico: Sonora: 124 km N. of Hermosillo (at toll booth) on HWY 16 29.21667 -110.933 

157 P. articulata Mexico: Sonora: S. Obregon 27.40024 -109.833 

158 P. articulata Mexico: Sonora: Navajoa (1 km N.) 27.11686 -109.45 

158 P. articulata Mexico: BCS: 28 km S. of Loreto 25.82357 -111.336 

159 P. articulata Mexico: BCS: N. of Loreto (km 18 on HWY 1) 25.33694 -111.629 

160 P. articulata Mexico: BCS: Puente Los Liebres, N. of La Paz (km 125) 24.46545 -111.216 
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161 P. articulata Mexico: BCS: Playa Balandra 24.31677 -111.317 

162 P. articulata Mexico: BCS: Ciudad Constitucion (km 89 on HWY 1) 24.25009 -110.95 

163 P. articulata Mexico: BCS: 1 km N. of Playa Caimancito 24.2196 -110.304 

164 P. articulata Mexico: BCS: SW of La Paz, NE of San Pedro, km 190 23.93333 -110.267 

165 P. articulata Mexico: BCS: 1 km W. of El Triunfo on HWY 1 (km 164) 23.80023 -110.083 

166 P. yaquiana Mexico: Sonora: Guaymas 27.98333 -110.917 

167 P. yaquiana Mexico: Sonora: San Carlos 27.96668 -111 

168 P. yaquiana Mexico: Sonora: 4 km E. of Vicam (on HWY 15 between Guaymas & C. Obregon) 27.85448 -110.474 

169 P. yaquiana Mexico: Sonora: 15 km E. of Ciudad Obregon 27.38333 -109.783 

170 P. yaquiana Mexico: Sonora: 20 km E. of Navajoa 27.1 -109.217 

171 P. yaquiana Mexico: Sonora: Navajoa (km 163 on HWY 15) 27.1 -109.467 

172 P. yaquiana Mexico: Sonora: 4 km W. of Alamos 27.05 -108.983 

173 P. yaquiana Mexico: BCS: ~1 km N. of Ciudad Constitucion 25.06675 -110.683 

174 P. yaquiana Mexico: BCS: 2 km E. of El Triunfo on HWY 1 23.80023 -110.083 

175 P. yaquiana Mexico: BCS: km 18, W. of Villa Del Mar 22.96667 -109.783 

176 P. yaquiana Mexico: BCS: Cabo San Lucas, Playa de Cascades 22.89218 -109.902 

177 P. laevigata Mexico: Nuevo Leon: Galeana 24.80002 -100.05 

178 P. laevigata Mexico: Nuevo Leon: Entronque San Robert 24.66684 -100.283 

179 P. laevigata Mexico: Guerrero: Coyuca de Catalan 18.31667 -100.7 

180 P. laevigata Mexico: Oaxaca: Huajuapan 17.8 -97.7667 

181 P. laevigata Mexico: Oaxaca: 31 km S. of Huajuapan on HWY 190 17.7 -97.6167 

182 P. laevigata Mexico: Oaxaca: S. of Huajuapan, km 35 on HWY 190 17.68333 -97.5833 

183 P. laevigata Mexico: Oaxaca: 2 km S. of El Palmar, km 45 on HWY 190 17.66667 -97.5 

184 P. laevigata Mexico: Guerrero: Zumpanga 17.63333 -99.5333 

185 P. laevigata Mexico: Guerrero: Puerta Mezcala, N. of Chimpancingo 17.63333 -99.5333 

186 P. laevigata Mexico: Guerrero: Tlapa de Comonfort, west side 17.55 -98.6 

187 P. laevigata 
Mexico: Oaxaca: ~87 km SW of Huajuapan, near Santiago Juxtlahuaca on HWY 125 

(km 96) 
17.36667 -98.0167 
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APPENDIX B. SUPPLEMENTAL MATERIAL 2 - QUESTIONABLE PROSOPIS HERBARIUM RECORDS 

 

 The following is a list of herbarium records that I considered to be of a dubious nature in terms of species identification. I 

considered record dubious if they were located far from the main range of where the species is typically found. Records may be from 

cultivated plants or they may simply be misidentified. For example, I did not find any native P. glandulosa in Arizona, nor have other 

taxonomists that split it from P. odorata, yet there are several records of it in Arizona. They are recorded in this list as questionable 

and therefore worth future investigation since I omitted them from my study. Sources include: Acadia University (UA), Berkeley 

Natural History Museums (BNHM), California Academy of Sciences (CAS), Comisión nacional para el conocimiento y uso de la 

biodiversidad (CNCB), Consortium of California Herbaria (CCH), Global Biodiversity Information Facility (GBIF), Louisiana State 

University Herbarium (LSUH), Missouri Botanical Garden (MBG), New Mexico Biodiversity Collections Consortium (NMBC), The 

New York Botanical Garden (NYBG), TROPICOS, University of Arizona Herbarium (UAH), University of Connecticut (UC), USDA 

PLANTS (USDA), Utah State University (USU), and Utah Valley State College (UVSC). 

 

Citation Listed as: Locality Latitude Longitude 

TROPICOS P. articulata 
Mexico: BCN: Tijuana, At foot of grade below Alaska on road to 
Mexicali. 

32.44 -117.06 

CNCB P. articulata 
Mexico: Michoacán: Rancho Santa Cecilia, al NE de San 
Antonio, Carr. San Antonio - San Bartolo. 

19.583 -100.25 

TROPICOS P. articulata Mexico: Sonora 29.333333 -104.667 

CNCB P. glandulosa 
Mexico: Sonora: Pitiquito, Punta Cirio, 10 km al sur de Puerto 
Libertad. 

29.837 -112.643 

UAH P. glandulosa Mexico: Sonora: Isla: Almagre Grande. Exposicion: ND; 27.91417 -110.876 
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Sustrato: Rocoso. 

MBG P. glandulosa Mexico: Veracruz: Pueblo Viejo, 2 kilometers south of Tampico 22.09 -97.8 

CNCB P. glandulosa 
Mexico: Yucatan: ~1 km S of the town of Dzilam de Bravo, on 
the N. coast of the Yucatán Peninsula. 

21.382 -88.894 

CNCB P. glandulosa Mexico: Yucatan: Tuzmin, El Cuyo. 21.512 -87.679 

USDA P. glandulosa USA: Arizona: Cochise Co. 31.890821 -109.737 

UAH P. glandulosa 
USA: Arizona: Cochise Co.: 30 km E of Douglas on Guadalupe 
Canyon Road. 

31.3761 -109.212 

UAH P. glandulosa USA: Arizona: Cochise Co.: AVA Ranch, Portal. 31.925 -109.175 

UAH P. glandulosa USA: Arizona: Cochise Co.: Bowie. 32.149 -109.451 

MBG P. glandulosa 
USA: Arizona: Cochise Co.: Coronado National Forest Dragoon 
Mountains. West on Cochise Stronghold Road to entrance of 
National Forest. 

31.94 -109.96 

UAH P. glandulosa 
USA: Arizona: Cochise Co.: Guadalupe Canyon, Guadalupe 
Mountains. 

31.34167 -109.058 

UAH P. glandulosa 
USA: Arizona: Cochise Co.: Joe Smiths Ranch, Chiricahua 
Mountains. At reservoir. 

31.9298 -109.382 

UAH P. glandulosa USA: Arizona: Cochise Co.: Light. Common on grazing ranges. 31.90417 -109.575 

UAH P. glandulosa 
USA: Arizona: Cochise Co.: Near Portal Ranger Station, 
Chiricahua Mountains. 

31.90833 -109.14 

UAH P. glandulosa 
USA: Arizona: Cochise Co.: Portal Road, 18.1 mi south of jct of 
I-10 at San Simon; E flank of Chiricahua Mountains. 

32.06667 -109.683 

AU P. glandulosa 
USA: Arizona: Cochise Co.: Sierra Vista, near Carroll 
Apartments. 

31.583334 -110.3 

USDA P. glandulosa USA: Arizona: Coconino Co. 35.83557 -111.768 

UAH P. glandulosa 
USA: Arizona: Coconino Co.: Colorado River below Lava 
Canyon Rapids, mile 65.8 L. 

36.1372 -111.817 

UAH P. glandulosa USA: Arizona: Coconino Co.: Grand Canyon. 36.0544 -112.139 

UAH P. glandulosa 
USA: Arizona: Coconino Co.: Havasu Canyon, Grand Canyon 
Nat Park. 

36.26667 -112.717 

UAH P. glandulosa 
USA: Arizona: Coconino Co.: Havasupai Canyon, Canyon of the 
Colorado River. 

36.2503 -112.698 

UAH P. glandulosa 
USA: Arizona: Coconino Co.: Hualpai Canyon, Grand Canyon 
Nat Park. 

36.218 -112.692 

UAH P. glandulosa USA: Arizona: Coconino Co.: Phantom Ranch, Grand Canyon. 36.1047 -112.096 

USDA P. glandulosa USA: Arizona: Gila Co. 33.797287 -110.818 
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USDA P. glandulosa USA: Arizona: Graham Co. 32.936516 -109.891 

UAH P. glandulosa 
USA: Arizona: Graham Co.: Timber Draw, Safford, San Simon 
Confluence. 

32.5494 -109.502 

USDA P. glandulosa USA: Arizona: Greenlee Co. 33.18508 -109.233 

USDA P. glandulosa USA: Arizona: La Paz Co. 33.727924 -113.979 

UAH P. glandulosa USA: Arizona: La Paz Co.: Planet. 34.2475 -113.964 

USDA P. glandulosa USA: Arizona: Maricopa Co. 33.342655 -112.491 

UAH P. glandulosa USA: Arizona: Maricopa Co.: 10 mi south of Wickenburg. 33.825 -112.75 

UAH P. glandulosa 
USA: Arizona: Maricopa Co.: Gilbert, Riaprian Preserve at 
Water Ranch, between Pond # 2 & Pond # 3 along Whistling 
Duck Way. . 

33.36061 -111.734 

UAH P. glandulosa 
USA: Arizona: Maricopa Co.: Gilbert, Riaprian Preserve at 
Water Ranch, NE corner of Pond # 1 along Rattlesnake Ridge 
Trail next to Ethno-Botanical Garden. . 

33.36433 -111.733 

USDA P. glandulosa USA: Arizona: Mohave Co. 35.708233 -113.753 

UAH P. glandulosa USA: Arizona: Mohave Co.: Big Sandy River at Wikieup. 34.6998 -113.598 

UAH P. glandulosa USA: Arizona: Mohave Co.: Blake Pond. 36.8827 -113.428 

UAH P. glandulosa 
USA: Arizona: Mohave Co.: Grand Canyon Nat Mon, vicinity of 
Vulcans Throne. Bottom of Canyon. 

36.2168 -113.086 

UAH P. glandulosa USA: Arizona: Mohave Co.: Kingman. 35.1894 -114.053 

UAH P. glandulosa USA: Arizona: Mohave Co.: Littlefield. 36.88333 -113.933 

UAH P. glandulosa 
USA: Arizona: Mohave Co.: NW of Rampart Cave, Lower Grand 
Canyon, Colorado River Mile 275 L. 

36.10833 -113.933 

NYBG P. glandulosa 
USA: Arizona: Mohave Co.: Parashant National Monument, jct 
of BLM road 1003/111 

36.39 -113.96 

UAH P. glandulosa 
USA: Arizona: Mohave Co.: Peach Springs Draw, 4 mi north of 
Peach Springs. 

35.79167 -113.358 

UAH P. glandulosa 
USA: Arizona: Mohave Co.: Station Canyon, Cerbat Mountains; 
10 mi north of Kingman. 

35.3583 -114.097 

USDA P. glandulosa USA: Arizona: Pima Co. 32.10396 -111.815 

UAH P. glandulosa 
USA: Arizona: Pima Co.: Above hwy, just below forest entrance, 
Santa Catalina Mountains. 

32.3113 -110.728 

UAH P. glandulosa 
USA: Arizona: Pima Co.: Aguajita Spring, Organ Pipe Cactus 
Nat Mon. 

31.94083 -113.013 

UAH P. glandulosa 
USA: Arizona: Pima Co.: Cultivated on the campus of the 
University of Arizona in Tucson. 

- - 
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UAH P. glandulosa 
USA: Arizona: Pima Co.: N (Westbound) side of I-10, 1.8 mi E of 
Houghton Road, near Tucson. 

32.03333 -110.717 

UAH P. glandulosa 
USA: Arizona: Pima Co.: Near Molina Basin, Santa Catalina 
Mountains (Catalina Highway). 

32.43028 -110.705 

UAH P. glandulosa 
USA: Arizona: Pima Co.: Quitobaquito at Sonoran (Mexico) 
border, 13 mi W of Sonoyta, Senora. 

31.94 -113.017 

UAH P. glandulosa USA: Arizona: Pima Co.: Quitobaquito, Organ Pipe Cactus NM. 32.4 -110.95 

USDA P. glandulosa USA: Arizona: Pinal Co. 32.909084 -111.347 

USDA P. glandulosa USA: Arizona: Santa Cruz Co. 31.523865 -110.836 

USDA P. glandulosa USA: Arizona: Yavapai Co. 34.595238 -112.554 

UAH P. glandulosa 
USA: Arizona: Yavapai Co.: 25 miles south of Prescott on 
Highway 60. 

34.2552 -112.733 

USDA P. glandulosa USA: Arizona: Yuma Co. 32.764763 -113.897 

UAH P. glandulosa USA: Arizona: Yuma Co.: 2 mi SW of Imperial Dam, Gila Canal. 32.8512 -114.441 

UAH P. glandulosa USA: Arizona: Yuma Co.: 2 mi W of Welton. 32.6728 -114.178 

UAH P. glandulosa USA: Arizona: Yuma Co.: Base of Tinajas Altas. 32.3117 -114.052 

UAH P. glandulosa 
USA: Arizona: Yuma Co.: Ca. 35 mi NE of Yuma, ca. 1/2 mi E of 
village of Martine. 

33.0837 -114.197 

UAH P. glandulosa USA: Arizona: Yuma Co.: Gila River-Dome. 32.72475 -114.501 

LSHU P. glandulosa USA: Arizona: Yuma Co.: Sonoran Desert. 32.833 -113.35 

UAH P. glandulosa USA: Arizona: Yuma Co.: Yuma. 32.7193 -114.643 

UAH P. glandulosa 
USA: Arizona: Yuma Co.: Yuma. Flood plain of the Colorado 
River. 

32.7193 -114.643 

USDA P. glandulosa USA: California: Alameda Co. 37.653854 -121.914 

USDA P. glandulosa USA: California: Fresno Co. 36.75399 -119.648 

CAS P. glandulosa 
USA: California: Inyo Co. NE Mojave Desert: Chicago Valley, off 
Hwy 178 from Shoshone to Pahrump. 

36.003056 -116.168 

USDA P. glandulosa USA: California: Kern Co. 35.338497 -118.725 

CCH P. glandulosa 
USA: California: Kern Co.: Bakersfield area; Allen Road at south 
bank of Kern River. 

35 -119 

USDA P. glandulosa USA: California: Kings Co. 36.072643 -119.815 

USDA P. glandulosa USA: California: Monterey Co. 36.23931 -121.311 

USDA P. glandulosa USA: California: San Benito Co. 36.611965 -121.084 

CCH P. glandulosa 
USA: California: San Bernardino Co.: Northern Mojave Desert 
Fort Irwin National Training Center, Bitter Spring. 

35 -116 
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UAH P. glandulosa 
USA: California: San Bernardino Co.: Whipple Mtns, Lower end 
of Bowman's Wash, NW of Parker Dam road. 

34.23611 -114.243 

UAH P. glandulosa 
USA: California: San Diego Co.: Otay Mtn., lower Sycamore 
Canyon ca. 1 km south of highway 94. 

32.64833 -116.805 

USDA P. glandulosa USA: California: San Joaquin Co. 37.93256 -121.271 

USDA P. glandulosa USA: California: Tulare Co. 36.227814 -118.797 

USDA P. glandulosa USA: Colorado: Las Animas Co. 37.32019 -104.043 

GBIF P. glandulosa USA: Louisiana: Bossier Par. 32.6808 -93.603 

GBIF P. glandulosa 
USA: Louisiana: Bossier Par.: Hill north of I-20 east of I-220 and 
Red Chute Bayou east of Bosier City. 

32.633333 -93.6 

TROPICOS P. glandulosa USA: Louisiana: Caddo  Par. 32.5792 -93.8799 

GBIF P. glandulosa USA: Louisiana: East Carroll Par. 32.7341 -91.2353 

USDA P. glandulosa USA: Nevada: Clark Co. 36.20175 -115.023 

USDA P. glandulosa USA: Nevada: Lincoln Co. 37.641514 -114.875 

USDA P. glandulosa USA: Nevada: Nye Co. 38.049847 -116.451 

USDA P. glandulosa USA: Utah: Washington Co. 37.278484 -113.517 

TROPICOS P. glandulosa USA: Utah: Washington Co.: Cerro El Viejo 37.1 -113.58 

TROPICOS P. glandulosa 
USA: Utah: Washington Co.: I-15, Leeds Exit, Frontage road 
south to Harrisburg, Red Rock Recreation area, Quail Creek. 

37.2 -113.733 

TROPICOS P. glandulosa 
USA: Utah: Washington Co.: Redcliff Campground, just south of 
Leeds. 

37.178055 -113.743 

UVSC P. glandulosa USA: Utah: Washington Co.: Santa Clara 37.2 -113.733 

UVSC P. glandulosa USA: Utah: Washington Co.: Shivwits Reservation, Hwy 8. 37.178055 -113.743 

CNCB P. glandulosa var. glandulosa Mexico: Sinoloa, Vicinity of Fuerte. 26.416 -108.617 

CNCB P. glandulosa var. glandulosa Mexico: Sonora: In the vicinity of Navojoa. 27.081 -109.445 

UAH P. glandulosa var. glandulosa 
Mexico: Sonora: Isla Dátil. Eastern shore, north of the island's 
center 

28.72545 -112.291 

CNCB P. glandulosa var. glandulosa 
Mexico: Yucatan: About 1 km S of the town of Dzilam de Bravo 
which lies on the N coast of the Yucatan Peninsula about 110 
km NE of the state capital Merida 

21.4 -88.9 

UAH P. glandulosa var. glandulosa USA: Arizona: Pima Co.: 23rd Street, Tucson. Growing in yard. 32.1876 -111.091 

UAH P. glandulosa var. glandulosa 
USA: Arizona: Pima Co.: Growing on grounds of Arizona-Sonora 
Desert Museum, Tucson Mountain Park, west of Tucson. 
''Evergreen'' mesquite by beaver pond. 

32.2301 -111.098 

UAH P. glandulosa var. glandulosa USA: Arizona: Pima Co.: Sonora Desert Museum, Tucson 32.23 -111.097 
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Mountains Park, W. of Tucson, Evergreen mesquite by Beaver 
Pond. . 

UAH P. glandulosa var. glandulosa 
USA: Arizona: Pima Co.: Tucson.  West Branch of the Santa 
Cruz River. 

32.20833 -110.983 

UAH P. glandulosa var. glandulosa 
USA: Arizona: Pima Co.: U of A campus, S.E. corner of Student 
Union Memorial Center, (building # 17). . 

32.2312 -110.953 

UAH P. glandulosa var. glandulosa 

USA: Arizona: Pima Co.: University of Arizona Campus 
Arboretum, South of Student Union, at SW end of the building. 
In the landscape, in the gravel. Next to the sidewalk. South sun 
exposure. 

- - 

MBG P. glandulosa var. glandulosa USA: Arizona: Pinal Co.: Boyce Thompson Arboretum grounds. - - 

UAH P. glandulosa var. glandulosa 
USA: Arizona: Santa Cruz Co.: 11 mi SE Sonoita (on AZ hwy 
83) from jct AZ hwy 82, at mile 20.5, =jct. Vaughn Ranch Loop 
Road (FR 826). 

31.58611 -110.593 

GBIF P. glandulosa var. glandulosa USA: Missouri: Boone Co. 38.99 -92.3133 

UAH P. glandulosa var. torreyana 
Mexico: BCN: 16.9 mi north of Punta Abreojos Post Office via 
road to Hwy 1 

26.93333 -113.45 

CNCB P. glandulosa var. torreyana 
Mexico: BCN: Ensenada, 1.1 miles southeast of Mike's Sky 
Ranch along Rio San Rafael. 

- - 

UAH P. glandulosa var. torreyana 
Mexico: BCN: Ensenada, 28.2 mi. W of Hwy 1 via Ejido 
Vizcaino-Bahia Tortuga Road. 

28.008 -114.008 

CNCB P. glandulosa var. torreyana Mexico: BCN: Ensenada, Ca. Nuevo Rosario - - 

CNCB P. glandulosa var. torreyana Mexico: BCN: Ensenada, Sierra San Pedro Martir - - 

CNCB P. glandulosa var. torreyana Mexico: BCS: Aprox. 10 Km al N de Nuevo Rosarito - - 

UAH P. glandulosa var. torreyana 
Mexico: BCS: Broad valley 3.6 mi E of Bahia Asuncion baseball 
field via road to Punta Abreojos. 

27.16667 -114.233 

TROPICOS P. glandulosa var. torreyana Mexico: BCS: Isla San Marcos 27.2 -112.1 

CNCB P. glandulosa var. torreyana 
Mexico: BCS: Meseta volcánica, cercanias Rancho El Represo, 
Sierra de San Francisco. 

27.617 -113.083 

CNCB P. glandulosa var. torreyana Mexico: BCS: Mulege, San Ignacio 27.3 -112.833 

CNCB P. glandulosa var. torreyana Mexico: BCS: Mulege, Sierra Guadalupe - - 

CNCB P. glandulosa var. torreyana 
Mexico: BCS: Mulege, West of Mulege; west side of mountain 
range 

- - 

CNCB P. glandulosa var. torreyana 
Mexico: BCS: Top of pass ober Sierra El Placer, 7.9 mi S of San 
Jose de Castro bia road to Bahia Asuncion. 

- - 

BNHM P. glandulosa var. torreyana USA: California: Butte Co.: Butte 39.296665 -121.784 
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TROPICOS P. juliflora Mexico: Colima: Manzanillo, MEX 37 18.7483 -110.947 

TROPICOS P. juliflora 
Mexico: Sonora: 1 km S. of Peon, by km marker 1940 on 
Nogales-Mexico WHY 

- - 

TROPICOS P. juliflora Mexico: Sonora: 1 mile E. of Bahia San Carlos - - 

TROPICOS P. juliflora Mexico: Sonora: 12 miles NW C. Obregon; roadside. - - 

TROPICOS P. juliflora 
Mexico: Sonora: 3 mi N. of Punta Chueca, along Infiernillo 
Channel 

- - 

TROPICOS P. juliflora Mexico: Sonora: 3 miles NW of Est. Don. - - 

TROPICOS P. juliflora Mexico: Sonora: 7.5 miles W. of Alamos - - 

TROPICOS P. juliflora Mexico: Sonora: Agua Verde, Lower California. 31.665 -113.32 

TROPICOS P. juliflora Mexico: Sonora: Cerro de Bayajori, 12 miles W. of Navojoa - - 

TROPICOS P. juliflora 
Mexico: Sonora: El Rancheria crossing of Rio Cuchujaqui, 22.5 
km S. of Alamos on road to El Chinal 

26.85 -108.917 

TROPICOS P. juliflora Mexico: Sonora: Guaymas 29.333333 -110.667 

TROPICOS P. juliflora 
Mexico: Sonora: Guaymas Bay - south shore, beside Las 
Playitas Rd 0.5 km W, of junction with road to canneries 

27.9 -110.9 

TROPICOS P. juliflora 
Mexico: Sonora: Guaymas, Road to San Carlos Bay, 2 mi W of 
Hwy 15. 

- - 

TROPICOS P. juliflora 
Mexico: Sonora: HWY 15 at Los Pocitos, West bajada of Sierra 
Libre 

28.55 -111.033 

TROPICOS P. juliflora 
Mexico: Sonora: Hwy 8, 16 mi. N of concrete bridge, ca. 36 mi. 
S of U. S. border, Son. 

31.665 -113.32 

TROPICOS P. juliflora Mexico: Sonora: Isla San Esteban 28.7 -112.6 

TROPICOS P. juliflora Mexico: Sonora: Km 87 Carr. Mexico-Tehuacan 31.983 -113.633 

TROPICOS P. juliflora 
Mexico: Sonora: Loma Chomojobires, 4 km NW of 
Huatabampito 

26.716667 -109.617 

TROPICOS P. juliflora 
Mexico: Sonora: North end of Cerro Cruz de Piedra; 9.5 miles E. 
of Puente Douglas (on west ide of Emplame) via HWY 15 

27.95 -110.667 

TROPICOS P. juliflora Mexico: Sonora: Rio Yaqui floodplain, 8 miles N. of Hornos - - 

TROPICOS P. juliflora Mexico: Sonora: Tiberon Island, north shore near Tecomate - - 

TROPICOS P. juliflora 
Mexico: Sonora: Upper Rio Cuchujaqui, Municipio De Alamos, 
El Palmarito Canyon 

27.066667 -108.75 

CNCB P. laevigata 
Mexico: BCS: La Paz, Cerca de El Comitán, Rancho Señor 
Higinio 

24.217 -110.333 

CNCB P. laevigata Mexico: BCS: La Paz, Chametla 24.1 -110.167 

CNCB P. laevigata Mexico: BCS: La Paz, El Comitán 24.217 -110.333 
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CNCB P. laevigata Mexico: BCS: La Paz, Vivero Forestal "Chametla" 24.1 -110.167 

CNCB P. laevigata 
Mexico: BCS: Vicinity of Rancho Tasajera, ca. 3-5 km NE of San 
Jose de Agua Verde 

25.5 -111.156 

CNCB P. laevigata Mexico: Quintana Roo: Jose Maria Morelos, Chichankanab 19.901 -88.769 

CNCB P. laevigata 
Mexico: Tamaulipas: 45 km al SE de Matamoros, brecha a la 
Salinera La Boladeña 

25.55 -97.666 

CNCB P. laevigata 
Mexico: Tamaulipas: San Fernando, 10 km al E de Santa 
Teresa 

25.25 -97.766 

GBIF P. laevigata USA: Texas: Cameron Co.: Brownsville - - 

USDA P. laevigata USA: Texas: Kleberg Co. 27.427355 -97.6619 

GBIF P. laevigata USA: Texas: Kleberg Co.: Kingsville. - - 

USDA P. laevigata USA: Texas: Nueces Co. 27.736588 -97.5211 

GBIF P. palmeri Mexico: BCN 30 -115 

GBIF P. palmeri Mexico: BCS: 68 km. S. of Mulege, B.C.S. on Hwy. 1. 23.616667 -102.575 

CNCB P. palmeri 
Mexico: Chihuahua: Arroyo de Santiago, intersección con el Río 
Batópilas 

27.07 -107.698 

GBIF P. palmeri Mexico: Sonora: Guaymas 26.8917 -111.083 

USDA P. reptans USA: Texas: Martin Co. 32.302906 -101.961 

UC P. velutina Mexico: BCS: San Venancio 25.85888 -111.898 

CNCB P. velutina 
Mexico: Sonora: Parque Industrial de Hermosillo,predio anexo a 
la Central CC-CFE. 

24.15 -110.333 

USDA P. velutina USA: California: Alameda Co. 37.653854 -121.914 

TROPICOS P. velutina USA: California: Alameda Co.: Tesla 37.216946 -121.167 

TROPICOS P. velutina USA: California: Butte Co. 37.628845 -121.527 

USDA P. velutina USA: California: Kern Co. 35.338497 -118.725 

USDA P. velutina USA: California: San Diego Co. 33.02056 -116.772 

BNHM P. velutina USA: California: Stanislaus Co. 37.216946 -121.167 

USDA P. velutina USA: New Mexico: DeBaca Co. 34.335625 -104.416 

USDA P. velutina USA: New Mexico: Doña Ana Co. 32.345226 -106.832 

NMBC P. velutina 
USA: New Mexico: Doña Ana Co.: 19 air km W of Las Cruces, 6 
air km NNE of Corralitos Rch. 

36.22 -106.94 

NMBC P. velutina 
USA: New Mexico: Doña Ana Co.: Above Rope's Spring, near 
draw, San Andres Mountains. 

32.677166 -106.556 

NMBC P. velutina 
USA: New Mexico: Doña Ana Co.: Hillside above Rope's Draw, 
San Andres Mts. 

32.63384 -106.665 
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NMBC P. velutina 
USA: New Mexico: Doña Ana Co.: Lucero Tank, Middle Ash 
Canyon, San Andres Mts. 

32.706337 -106.774 

USDA P. velutina USA: New Mexico: Roosevelt Co. 34.01853 -103.48 

USDA P. velutina USA: New Mexico: San Miguel Co. 35.47004 -104.827 

NMBC P. velutina 
USA: New Mexico: San Miguel Co.: Highway 65, 20 mi. 
northeast of Trementina 

35.68371 -104.288 
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APPENDIX B. SUPPLEMENTAL MATERIAL 3 - PHYTOPHAGOUS INSECTS OTHER THAN INTERNAL SEED 

PREDATORS COLLECTED ON PROSOPIS PODS 

 

 Species of phytophagus insects other than internal seed predators collected during surveys are displayed below. "Habit " 

categories are a follows: Prosopis - only known to feed on mesquite species; Prosopis+ - known to feed on mesquite species as well as 

1-2 other genera of Fabaceae; Fabaceae - known to feed only on Fabaceae, but on many genera including Prosopis; Fabaceae+ - 

known to feed on many genera of Fabaceae and a few genera in other families; and Multi-Family - known to feed on many plant 

families. Citations refer to records of each species on Prosopis. Localities refer to Appendix B.2. 

Species Order: Family Diet Habit Citation(s) 

Mozena arizonensis Ruckes Hemiptera: Coreidae external pod feeder Prosopis Ward et al. 1977 

Thasus gigas (Burmeister) Hemiptera: Coreidae external pod feeder Prosopis Ward et al. 1977; Brailovsky et al 1994; 
Schaefer & O'Shea 1979 

Thasus neocalifornicus Brailovsky & Barrera Hemiptera: Coreidae external pod feeder Prosopis Ward et al. 1977; Brailovsky et al 1994 

Chlorochroa ligata Say Hemiptera: Pentatomidae external pod feeder Multi-Family Ward et al. 1977; Jones 1993 

Thyanta custator accerra McAtee  Hemiptera: Pentatomidae external pod feeder Multi-Family Ward et al. 1977 

Largus cinctus Herrich-Schaffer Hemiptera: Largidae external pod feeder Prosopis Ward et al. 1977 

Hyalymenus tarsatus Fabricius  Hemiptera: Alydidae external pod feeder Fabaceae + VanDyk 2013 

Phymatopsallus tuberculatus (Van Duzee) Hemiptera: Miridae folivore / external pod feeder ? Prosopis + Ward et al. 1977; Schuh 2006 

Heteropsylla texana Crawford  Homoptera: Psyllidae folivore Fabaceae + Ward et al. 1977; Muddiman et al. 1992; 
Donnelly 2002 

Colecerus marmoratus Horn Coleoptera: Curculionidae folivore Prosopis Ward et al. 1977; Arnett et al. 2002 

Chaetocnema sp. Stephens Coleoptera: Chrysomelidae folivore & florivore Multi-Family White 1996 

Pachybrachis brevicornis Fall Coleoptera: Chrysomelidae folivore Prosopis Clark et al. 2004 

Sibinia setosa puella (Casey) Coleoptera: Curculionidae florivore Prosopis Clark 1978 

Sibinia setosa subfasciata (Casey) Coleoptera: Curculionidae florivore Prosopis Clark 1978 

Cryptocephalus maccus White Coleoptera: Chrysomelidae florivore Prosopis Clark et al. 2004 

Asphondylia prosopodis Cockerell Diptera: Cecidomyidae florivore Prosopis Rogers 1973 

Contarinia spp. Rondani Diptera: Cecidomyidae florivore Prosopis Rogers 1977 

Frankliniella occidentalis (Pergande) Thysanoptera: Thripidae florivore Multi-Family Logarzo et al. 2012 
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Heterothrips prosopidis Crawford Thysanoptera: Heterothripidae florivore Multi-Family Logarzo et al. 2012 

Paraplonobia mexicana Tuttle et al. Acari: Tetranychidae mucivore Prosopis Tuttle et al. 1974 

Eotetranychus prosopis Tuttle & Baker Acari: Tetranychidae mucivore Prosopis Tuttle & Baker 1968 

Homalodisca liturata Ball Homoptera: Cicadellidae mucivore Multi-Family Ward et al. 1977; Takiya & Dmitriev 2012 

Ormenoides venusta (Melichar) Homoptera: Flatidae mucivore Multi-Family Pickering 2010 

Publilia modesta Uhler Homoptera: Membracidae mucivore Multi-Family Kopp & Yonke 1973; Ward et al. 1977 

Stictopelta marmorata Goding Homoptera: Membracidae mucivore Prosopis Ward et al. 1977 

Vanduzea segmentata Fowler Homoptera: Membracidae mucivore Multi-Family GBIF 2013 

Carpophilus lugubris Murray Coleoptera: Nitidulidae frugivore / mucivore Multi-Family Ward et al. 1977 

Brachymyrmex patagonicus Mayr Hymenoptera: Formicidae nectivore Multi-Family  

Oscinella sp. Becker Diptera: Chloropidae xylophage Multi-Family Ward et al. 1977 

Laemosaccus plagiatus Fabricius Coleoptera: Curculionidae xylophage Multi-Family Ward et al. 1977 

Lyctus cavicollis LeConte  Coleoptera: Bostrichidae xylophage Multi-Family  

Derodontus trisignatus (Mannerheim) Coleoptera: Derodontidae fungivore Multi-Family  

Liposcelis sp. Motschulsky  Psocoptera: Liposcelidae fungivore Multi-Family  

Litargus balteatus LeConte  Coleoptera: Mycetophagidae fungivore / detritivore Multi-Family  

Hilara sp. Meigen Diptera: Empididae detritivore Multi-Family  

unidentified booklouse Collembola: Entomobryidae detritivore Multi-Family  

Smicrips texana (Casey) Coleoptera: Smicripidae detritivore Multi-Family  

Olibrus pruddeni Casey Coleoptera: Phalacridae florivore Asteraceae ? Ward et al. 1977 

  

 

Table continues below:  

Species Previous Prosopis Records Prosopis Records from Survey Localities # Observed 

Mozena arizonensis P. odorata? (P. glandulosa is an error?) P. odorata, P. velutina 41, 47, 83 4 

Thasus gigas P. laevigata, P. glandulosa ? P. laevigata 183 1 

Thasus neocalifornicus P. velutina P. chilensis, P. odorata 83; Kaibab, AZ;  Tucson, AZ 3 

Chlorochroa ligata P. glandulosa, P. velutina P. odorata, P. velutina 41, 42, 43, 51, 96  9 

Thyanta custator accerra P. glandulosa, P. velutina P. odorata 107 2 

Largus cinctus P. glandulosa P. velutina 47 1 

Hyalymenus tarsatus - P. tamaulipana 62 1 

Phymatopsallus tuberculatus P. glandulosa, P. laevigata, P. odorata ? P. odorata 96 1 

Heteropsylla texana 
P. glandulosa, P. chilensis, P. laevigata,    
P. tamarugo, P. pallida P. articulata 164 2 

Colecerus marmoratus P. glandulosa P. velutina 36 1 
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Chaetocnema sp. - P. velutina 48 1 

Pachybrachis brevicornis P. glandulosa P. laevigata 181 1 

Sibinia setosa puella P. glandulosa, P. laevigata P. glandulosa 123 1 

Sibinia setosa subfasciata P. glandulosa ? P. odorata, P. palmeri, P. pubescens, P. velutina 9, 28, 34, 38, 43, 49, 88, 91 16 

Cryptocephalus maccus P. glandulosa P. velutina 50 1 

Asphondylia prosopodis P. glandulosa P. glandulosa, P. odorata 104, 140, 175 4 

Contarinia spp. P. glandulosa P. mezcalana, P. odorata, P. palmeri, P. velutina 31, 42, 65, 89, 95 22 

Frankliniella occidentalis P. glandulosa P. yaquiana 166 1 

Heterothrips prosopidis P. glandulosa P. odorata 95, 107 2 

Paraplonobia mexicana P. pubescens P. pubescens 12 28 

Eotetranychus prosopis P. odorata ? (recorded as P. juliflora) P. glandulosa, P. yaquiana 124, 172 14 

Homalodisca liturata Prosopis sp. P. articulata, P. pubescens, P. velutina 7, 47, 159 6 

Ormenoides venusta - P. velutina 48 4 

Publilia modesta Prosopis sp. P. odorata 96 1 

Stictopelta marmorata P. glandulosa P. velutina 51 2 

Vanduzea segmentata P. glandulosa P. glandulosa, P. pubescens 6, 8, 117 4 

Carpophilus lugubris Prosopis sp. P. laevigata 179 1 

Brachymyrmex patagonicus - 
P. glandulosa, P. odorata, P. pubescens, P. reptans,  
P. yaquiana, P. velutina 

20, 25, 97, 138, 167 12 

Oscinella sp. P. glandulosa, P. laevigata, P. nigra P. palmeri, P. velutina 30, 31, 51 3 

Laemosaccus plagiatus P. laevigata P. velutina 54 1 

Lyctus cavicollis - P. velutina 41, 45, 47, 51, 55 7 

Derodontus trisignatus - P. odorata 93 1 

Liposcelis sp. - 
P. articulata, P. glandulosa, P. laevigata, P. odorata, 
P. pubescens, P. yaquiana, P. velutina 

10, 12, 19, 20, 43, 83,136, 149,  
155, 158, 164, 171, 180 

123 

Litargus balteatus - P. velutina 45, 46 2 

Hilara sp. - P. pubescens, P. yaquiana 12, 176 2 

unidentified booklouse - P. pubescens, P. velutina 12, 40, 42 6 

Smicrips texana - P. odorata 107 1 

Olibrus pruddeni Prosopis sp. P. glandulosa 141 3 
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APPENDIX B. SUPPLEMENTAL MATERIAL 4 - PREDATORY INSECTS COLLECTED ON PROSOPIS PODS 

 

 

 Predacious species collected during surveys are displayed below. Citations refer to records of each species on Prosopis. 

Localities refer to Appendix B.2. 

 

Species Order: Family Diet Citation(s) 

Pyemotes near boylei Krezal Acari: Pyemotidae bruchid parasite Vaivanijkul & Haramot 1969 

Sassacus vitus (Cockerell) Araneae: Salticidae generalist predator  
Sassacus papenhoei  
(Peckham & Peckham) Araneae: Salticidae generalist predator  
Peckhamia americana  
(Peckham & Peckham) Araneae: Salticidae generalist predator  

Metaphidippus chera (Chamberlin) Araneae: Salticidae generalist predator  

Salticus palpalis (Banks) Araneae: Salticidae generalist predator  

Sarinda hentzi (Banks) Araneae: Salticidae generalist predator  
Misumenoides formosipes 
(Walckenaer) Araneae: Thomisidae generalist predator  

Mecaphesa spp.  Simon Araneae: Thomisidae generalist predator  

Theridion spp.  Walckenaer Araneae: Theridiidae  generalist predator  

Clubiona sp. Latreille Araneae: Clubionidae generalist predator  

Mimetus chisos ? Mott Araneae: Clubionidae spider predator  

Orius tristicolor (White) Hemiptera: Anthocoridae thrip predator Ward et al. 1977 

Sinea rileyi Montandon Hemiptera: Reduviidae generalist predator Ward et al. 1977 

Apiomerus spissipes (Say) Hemiptera: Reduviidae generalist predator Ward et al. 1977 

Stenus sp. Latreille Coleoptera: Staphylinidae generalist predator  

Platydracus sp. Thomson  Coleoptera: Staphylinidae generalist predator  

Brathinus californicus Hubbard Coleoptera: Staphylinidae generalist predator  

Phyllobaenus discoideus (LeConte) Coleoptera: Cleridae bark beetle predator Ward et al. 1977 

Lasconotus sp. nov.  Coleoptera: Colydiidae beetle predator Stephan 1989; Lord et al. 2013 

Olla v-nigrum (Mulsant) Coleoptera: Coccinellidae  generalist predator / ovivore  

Crematogaster torosa Mayr Hymenoptera: Formicidae generalist predator/scavenger  
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Solenopsis xyloni McCook Hymenoptera: Formicidae generalist predator  

Formica perpilosa Wheeler Hymenoptera: Formicidae generalist omnivore/scavenger Ward et al. 1977 

Forelius mccooki McCook Hymenoptera: Formicidae generalist omnivore/scavenger  

Leptothrips mali (Fitch) Thysanoptera: Phlaeothripidae mite predator / ovivore Ward et al. 1977; Logarzo et al. 2012 

Forficula auricularia Linnaeus Dermaptera: Forficulidae omnivore / scavenger  

Notoxus calcaratus Horn Coleoptera: Anthicidae omnivore  

Ceratopogon sp. Meigen Diptera: Ceratopogonidae omnivore  
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Table continues below:  

Species Previous Prosopis Records Prosopis Records from Survey Localities 
# 

Observed 

Pyemotes near boylei P. pallida P. glandulosa, P. pubescens 10, 12 4 

Sassacus vitus  P. palmeri 30 1 

Sassacus papenhoei  P. glandulosa, P. reptans 25, 131 2 

Peckhamia americana  P. odorata, P. pubescens 6, 89 4 

Metaphidippus chera  P. articulata 160 1 

Salticus palpalis  P. odorata, P. palmeri 28, 76 7 

Sarinda hentzi  P. pubescens 7 1 

Misumenoides formosipes  P. palmeri, P. pubescens, P. velutina, P. yaquiana 9, 31, 55, 176 5 

Mecaphesa spp.  P. odorata, P. pubescens 6, 19, 95 3 

Theridion spp.  P. glandulosa, P. pubescens 7, 126 6 

Clubiona sp.  
P. articulata, P. palmeri, P. pubescens,  
P. tamaulipana 10, 28, 62, 160 4 

Mimetus chisos ?  P. pubescens 7 1 

Orius tristicolor P. glandulosa P. odorata 96 1 

Sinea rileyi Prosopis sp. P. odorata 96 1 

Apiomerus spissipes Prosopis sp. P. velutina 42 1 

Stenus sp.  P. laevigata 186 1 

Platydracus sp.  P. laevigata 181 1 

Brathinus californicus  P. glandulosa 120 1 

Phyllobaenus discoideus P. glandulosa P. palmeri, P. velutina 28, 55 3 

Lasconotus sp. nov.   P. glandulosa 141 2 

Olla v-nigrum  P. glandulosa 123 1 

Crematogaster torosa  
P. odorata, P. palmeri, P. pubescens, P. velutina, 
P. yaquiana 

6, 8, 30, 34, 49, 50, 96, 
168 35 

Solenopsis xyloni  
P. glandulosa, P. laevigata, P. odorata, P. 
palmeri, P. pubescens, P. velutina 

13, 18, 29, 37, 50, 76, 
89, 98, 99, 104, 116, 

117, 131, 135, 141, 179 34 

Formica perpilosa P. glandulosa P. glandulosa, P. velutina 48, 117, 121 4 

Forelius mccooki  P. articulata, P. odorata, P. tamaulipana 62, 76, 119, 158, 160 7 

Leptothrips mali P. glandulosa, P. pubescens, P. juliflora P. glandulosa, P. laevigata, P. yaquiana 117, 169, 180 4 

Forficula auricularia  P. articulata 155 1 

Notoxus calcaratus  P. pubescens 18 1 
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APPENDIX B. SUPPLEMENTAL MATERIAL 5 - DESCRIPTIONS OF SIX NEW 

SPECIES FOUND ON PROSOPIS 

 

Bruchophagus sp. nov.  

This species do not fit the description of any known species. The dark brown coloration 

of the antennae with a sometimes orange scape in particular is unusual. 

 

Specimens examined: Prosopis glandulosa: NEW MEXICO. Deming Co.: 4595 ft, 1 

miles E. of Gage, 17 August 2009 (1 specimen). Hidalgo Co.: 4533 ft, Separ, 27 July 

2011 (1 specimen). TEXAS. Cameron Co.: 1 ft, just outside Laguna Atascosa NWR, 14 

August 2009 (7 specimens). Maverick Co.: 740 ft, Eagle Pass, mile marker 277, Seco 

Creek, 16 August 2009 (10 specimens). Prosopis laevigata: MEXICO. Oaxaca: 6410 ft, 

31 km S. of Huajupan on HWY 190, 18 June 2008 (1 specimen). Prosopis odorata: 

ARIZONA. Maricopa Co. 2555 ft, Hassayamba Rest Area, near Wickenburg, 21 July 

2009 (2 specimens). Pima Co., 2803 m, Agua Caliente Park, 7 July 2009 (5 specimens). 

Prosopis palmeri: MEXICO. BCS: 182 ft, ~13 km S. of Ciudad Constitucion (km 201 on 

HWY 1), just N. of Villa Moreles, 20 May 2008 (1 specimen). Prosopis pubescens: NEW 

MEXICO. Dona Ana Co.: 4214 ft, N. of Las Cruces, 10 mi S. of Radium Springs, 27 July 

2011 (1 specimen); Rincon, 12 October 2012 (1 specimen). 

 

Hypothenemus sp. nov. 

The combination of characters found in the specimens examined do not key to any known 

species in Wood (1982). This species is very small (1.2 mm) and the pronotum is armed 

with four or six teeth on anterior edge, the lateral pair smaller and the anterior face armed 

with 16-20 coarse asperities. 
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Specimens examined: Prosopis reptans: TEXAS. Cameron Co., 30 ft, W. of Port Isabel, 

22 July, 2010 (8 specimens), Laguna Vista, 30 July, 2011 (1 specimen). 

 

Apanteles sp. nov.  

This species is closely resembles A. thurberiae. Like A. thurberiae, it is one of only a few 

species with a colorless stigma. It differs in the coloration: the body, hind coxae, and 

scape are black; the abdomen, antennae, femurs, distal tibiae, distal first tarsal segments, 

and last tarsal segments are brown; the apical tibiae and first pair of femurs fade from 

brown to yellow to white; and the remaining tarsi are white. Length 2.43 mm.  

 

Specimens examined: Prosopis articulata: MEXICO: SONORA: 2459 ft, 6 km S. of Los 

Chinos on HWY 15, 80 km N. of Hermosillo, 11 June 2008 (1 specimen). Prosopis 

velutina: USA: ARIZONA: Pima Co.: 3050 ft, Santa Rita Experimental Range, 4 miles 

from HWY 17, 2.3 from RR tracks, 3 August 2008 (2 specimens). Prosopis odorata: 

USA: ARIZONA: Mohave Co.: 1816 ft, Big Sandy River, N. of Wikieup, 21 July 2009 

(1 specimen). 

 

Microdontomerus sp. nov. 

This species keys out close to M. anthonomi (Crawford), but has smaller eyes (eye height 

1.9-2.0× malar distance) and different body coloration: castaneous with lighter brown or 

orange abdomen, pale brown antennae with a yellowish-white scape and white apical 

segments, brown coxae and femora, pale brown or yellow tibiae and distal end of femora, 

and white tarsi. 
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Specimens examined: P. palmeri: MEXICO: BCS: 209 ft, N. of Loreto on HWY 1 (km 

18), 29 May 2008 (3 specimens); 45 ft, S. of Loreto on HWY 1 (km 69), 30 May 2008 (1 

specimen); 182 ft, 13 km S. of Ciudad Constitucion on HWY 1 (km 201), just N. of Villa 

Moreles, 30 May 2008 (1 specimen). 

 

Goniozus sp. nov. 

This species keys out closest to G. mexicanus Ashmead, but differs in color and the 

aereolet on the forewing being broken, but almost closed. The color is castaneous with 

black mandibles, yellow antennae with brown scape and apical segments, brown coxae, 

femora, and tibiae II and III, yellow tibia I and tarsi.  

 

Specimens examined: P. glandulosa: USA: TEXAS: Brewster Co., 4505 ft, Alpine, 17 

August 2009 (1 specimen). P. odorata: USA: ARIZONA: Pinal Co., 1277 ft, Sacatan, 18 

July 2009 (2 specimens). P. yaquiana: MEXICO: SONORA: 1111 ft, Guyamas, 12 June 

2008 (4 specimens). 

 

Lasconotus sp. nov. 

This species differs from any described in Stephan (1989). Length 1.75 mm; elytra 1.01 

mm. Ferruginous; less than 3× long as wide. Antennael club distinctly 3-segmented, no 

antennal grooves. Pronotum slightly longer than wide, widest in middle, apical angles 

round, basal angles obtuse, dorsal surface convex and without grooves. Elytra oval with 

distinct rows of carinae; pubescent. 
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Specimens examined: Prosopis glandulosa: USA: TEXAS: Kleberg Co, 43 ft, Riviera, 23 

July 2010 (2 specimens). 

 

Biology - Little is known about the habits of this genus. They probably live under bark 

and are predaceous (Stephan 1989). Other members of the family commonly feed on 

fungi (Stephan 1989). Larvae are ectoparasites of cerambycids, buprestids, and other 

beetles (Stephan 1989). 

 

 

APPENDIX C - REPRODUCTIVE PHENOLOGY OF FOUR SPECIES OF 

MESQUITE (PROSOPIS SPP.) 

 

STEVEN E. FOLDI* 

Ecology & Evolutionary Biology Department, University of Arizona, Tucson, AZ 85721, 

U.S.A. 

*Correspondent: email sfoldi@email.arizona.edu 

 

ABSTRACT -- 

 Four species of mesquite (Prosopis) have sympatric distributions in the 

southwestern United States. Little is known about the reproductive phenology of three of 

these species and I wanted to know whether these species reproduce synchronously as a 

means of avoiding high amounts of seed predation. I measured the reproductive output 



 

 

278 

and seed mortality of all four species at sites in Arizona and New Mexico over three 

years. I used the coefficient of variance (CV) of the number of flowering and fruiting 

plants as an index of the degree of flowering and fruiting synchrony. I also tested for a 

linear correlation between annual seed availability and seed predation rates of the last 

fruiting episodes of the year as a measure of how synchrony affects seed destruction 

levels. I found CV values consistent with synchronous reproduction in species that 

undergo masting and a positive relationship between annual seed availability and seed 

predation rates (p = 0.012, R2
 = 42%). I also found peak flowering is non-overlapping for 

closely-related species found within 50 km of one another, but overlapping for two 

distantly-related but geographically adjacent species. I speculate that synchronous 

reproduction in Prosopis is a means of seed predator satiation and that staggered 

flowering periods may limit hybridization events. 

   

RESUMEN -- 

Cuatro especies de mezquite (Prosopis) tienen distribuciones simpátricas en el suroeste 

de los Estados Unidos. Poco se sabe sobre la fenología reproductiva de tres de estas especies y 

yo quería saber si estas especies se reproducen de forma sincrónica como medio de evitar grandes 

cantidades de depredación de semillas. Medí la salida y la semilla de mortalidad 

reproductiva de las cuatro especies en sitios en Arizona y Nuevo México por más de tres 

años. He utilizado el coeficiente de variación (CV) del número de plantas de floración y 

fructificación como un índice del grado de floración y fructificación sincronía. También he 

probado para una correlación lineal entre las tasas anuales sobre la disponibilidad de semillas y 

depredación de semillas del último ciclo de fructificación del año, como una medida de la 

sincronía afecta a los niveles de destrucción de semillas. He encontrado valores de CV 
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consistentes con la reproducción sincrónica en las especies que se someten masting y una relación 

positiva entre la disponibilidad de semillas anual y las tasas de depredación de semillas (p = 

0,012, R
2
 = 42%). También encontré pico de floración es la no superposición de especies 

estrechamente relacionadas que se encuentran a menos de 50 kilómetros de uno al otro, pero la 

superposición de dos especies lejanamente relacionadas, pero geográficamente adyacentes. 

Especulo que la reproducción sincrónica de Prosopis es un medio de saciedad depredadores de 

semillas y que los períodos de floración escalonada puede limitar los eventos de hibridación. 
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 Despite its abundance, descriptions of the reproductive phenology of mesquite 

(Prosopis spp.) are limited to one of fourteen North American species (P. velutina) 

(Glendening & Paulsen, 1955; Solbrig & Cantino, 1975; Mooney et al., 1977; Felker et 

al., 1984) and five of thirty-two South American species (Solbrig & Cantino, 1975; 

Mooney et al., 1977; Simpson et al., 1977; Balboa et al., 1986). These species have very 

similar phenological patterns. Flowering occurs over a month and a half period and is 

highly synchronous within a population (Solbrig & Cantino, 1975), but timing may differ 

considerably across space (Felker et al., 1984). Less than 1-2% of flowers produce fruits 

(Solbrig & Cantino, 1975). Seeds are susceptible to predation by mammals and insects 

(Smith & Ueckert, 1974; Kingsolver et al., 1977; Mares et al., 1977). Seed predation rates 

range from <1% to 92% (Glendening & Paulsen, 1955; Smith & Ueckert, 1974; Solbrig 

& Cantino, 1975; Kingsolver et al., 1977; Zimmerman, 1991). Fruits mature for three 

months before falling to the ground where large and small mammals or monsoon rains 

disperse them (Horton, 1977; Mares et al., 1977; Mooney et al., 1977; Kneuper et al., 

2003). Fruit production in P. tamarugo varies from 0.19-147 kg per tree per fruiting 

episode and depends on tree age, size, and spacing (Felker, 1979). Silva (1990) estimates 

that each tree produces up to 300-420 kg of seed pods per year. Some populations 

reproduce once per year (Glendening & Paulsen, 1955), while others go through four or 

more reproductive episodes per year (Mooney et al., 1977; Pasiecznik, 2001). My 

primary goal in this study was to compare reproductive timing of four species of Prosopis 

growing a short distance apart to provide an in-depth description of the fruiting 

phenology for these species. 
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 A secondary goal of this study is to closely examine whether Prosopis plants 

reproduce synchronously within species and whether peak reproduction dates are species-

specific or site-specific. This interested me because seed predator population dynamics 

may depend on plant fruiting phenology (Janzen, 1971; Schnurr et al., 2002; Crone & 

Lesica, 2004). In order to avoid heavy seed loss from predators, some plants have 

evolved a strategy called "masting", in which the majority of individuals within a 

population reproduce simultaneously and only in certain years. This limits the ability of 

seed predators to build their numbers fast enough to cause a heavy losses to the plants. 

Masting is most frequent in plants that are dominant community members, live in 

relatively unproductive habitats, have host-specific seed predators that are unable to reach 

high densities before the fruits disperse or germinate, and have wind-dispersed seeds 

(Janzen, 1971; Kelly & Sork, 2002). Prosopis exhibits all these traits but the last, being 

dispersed by animals and water. Kelly et al. (2001) showed that masting may also increase 

pollination, predominately in wind-pollinated species. By monitoring reproductive 

episodes of five populations of Prosopis over three years, I will be able to test whether 

reproductive patterns within several species are consistent with a masting strategy.   

 

MATERIALS & METHODS -- 

 In order to document the reproductive phenology Prosopis, I chose five focal 

populations: P. velutina in Tucson, AZ, P. odorata in the Santa Rita Experimental Range, 

AZ, P. odorata in Anthony, NM, P. glandulosa in Las Cruces, NM, and P. pubescens in 

Las Cruces, NM. These species share their most abundant seed predators (see Appendix 

D). I randomly selected and marked five trees from each of these populations with a 
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diameter at breast height (DBH) of 10-20 cm. I estimated the number of flowers, green 

pods, dry pods, and pods on the ground once per week for fifty weeks in 2009. I 

estimated fruit and flower abundance per tree by subsampling four m
3
 units within each 

tree using a square frame made of plastic piping. A pilot study comparing twenty trees 

found that the formula -83.3+43.8 × average subsample predicted actual amounts of fruits 

and flowers well (p = 0.001, R2
 = 0.76). Adding the DBH of the thickest stem did not 

significantly improve the model. I returned to these sites in 2010 and 2011 once per 

month (and once every two weeks as soon as the reproductive event had started) to assess 

the phenological state of trees at each site. This allowed me to determine annual changes 

in the number and timing of reproductive events over a three year period. 

 Traits that I measured included both morphological traits associated with 

reproduction (the total number of inflorescences, number of flowers per inflorescence, 

and number of seeds per fruit) and measurements of survival (the percentage of flowers 

that became pods, the total annual number of fruits produced, the predation rate, and the 

parasitism rate of seed predators). I tested whether these traits varied within each 

population among years using a nested ANOVA in SYSTAT 13.0. Measurements of 

survival varying among years would indicate environmental variation affects 

reproductive success, which is necessary for masting to be an effective strategy (Kelly & 

Sork, 2002).   

  If Prosopis plants are masting, I also expect to find that reproduction is 

synchronous for most plants of the same species at a given location. I tested this by 

calculating the co-efficient of variation (CV) of the number of flowering and fruiting 

plants per population over time; a commonly used index of plant reproductive 
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synchronicity (as in Herrera, 1998; Kelly et al., 2001; Crone & Lesica, 2004). I divided 

fruiting plants into green and dry fruits on the tree, since seed predators probably affect 

fruit abundance and utilize these resources differently (Hoffmann et al., 1993). Plants that 

flower synchronously because of "resource matching" have a CV with the range of 85-

145%, whereas plants that undergo masting have a higher CV (Kelly et al., 2001).  

 As a final indication of masting, fruiting over a longer period allows seed 

predators to destroy more seeds, so I predict seed predation rates in the last reproductive 

episode of each year to correlate with the length of time that trees have available seeds 

that year. I tested this using a linear regression in SYSTAT 13.0. I assessed the rate of 

seed predation at each site by collecting samples of 100 seed pods from five random trees 

of DBH 10-20 cm five times during the reproductive episodes of each tree from 2009-

2011. I did not sample the same trees I used to count fruits because sampling for insects 

is necessarily destructive. I stored the seed sample in zip-lock bags at an average 

temperature of 28 °C for 45 days, at which point I collected and identified the emerged 

insects. I calculated seed predation rate by summing the total number of seed predators 

and parasitoids (since their development also requires the destruction of a seed) and 

dividing by the total number of seeds per sample. I measured seed availability as the 

number of weeks in which over 1% of trees within a site were fruiting. 

 

RESULTS -- 

 Phenograms of the reproductive episodes for all species and sites examined are 

shown in Figure 1. 90.91% of trees within a site began to flower synchronously with a 

two-week difference between the first and last bud opening. 95.43% of flowering 
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occurred within a six-week window for all species. 1.8% of trees with a DBH >10 cm did 

not flower at all during a given reproductive event. I did not quantify smaller trees, but a 

high proportion of them also did not flower at all while other trees were flowering. Peak 

flowering occurred 1-2 weeks after the first buds broke. 

 Small green pods developed six weeks after first bud break in all species. Green 

pods matured into dry, yellow pods in four weeks. Thirteen weeks after the first buds 

broke, only dry pods remained on all trees. Pods fell to the ground irregularly (Figure 1c), 

with large falls occurring after heavy rains or windy days. Over time, monsoon rains and 

rodents (especially ground squirrels) removed pods on the ground. For P. pubescens and 

P. odorata at the New Mexico site in 2009, pods remained under the tree for five months, 

though pods decomposed with time. At the three other sites, pods were completely gone 

after 5-7 weeks of falling in 2009. 

 The number and timing of reproductive events varied among species and sites 

(see Figure 1 and summary in Table 1). P. velutina and P. glandulosa both had one or 

two reproductive events per year within the three years of this study, P. pubescens 

consistently had two events per year, and P. odorata had one or three events per year at 

one site and two or three events per year at the other site surveyed. For each population, 

reproductive events occurred within at most a two-week difference of one another each 

year. The onset of flowering was two-three weeks later in 2010 compared to 2009 and the 

same in 2010 and 2011. The average peak in reproduction was 10-22 days earlier at sites 

in Arizona, which is 4.2 degrees of longitude west of the sites in New Mexico. 

 Morphological traits associated with reproduction varied among populations more 

than within populations across years, whereas survivorship traits varied more between 
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years and within species than between species (Table 2). The one exception to this was 

parasitism rate, which varied significantly among populations, but not among years. 

Parasitism rates also stood out from other traits because a high amount of the variation 

(92%) was among trees from the same year and population. Seed predation ranged from 

7-56% and parasitism ranged from 2-14% per Prosopis reproductive event. 

 The CVs of the number of flowering and fruiting plants (for both stages of fruit 

development) ranged from 111-185%, with a single outlier at 84% (Table 1). Thus, 

eleven cases are consistent with masting, four cases are consistent with resource 

matching, and one case is just below the limit of what Herrera (1998) considers resource 

matching, in the range of fruiting asynchrony. The outlying CV value was for dry pods of 

P. odorata at Anthony, NM. 

 I found a positive (slope = 0.846), but insignificant (p = 0.122) relationship 

between annual seed availability and seed predation rates of the last fruiting episode of 

the year. However, the seed predation rate for P. pubescens in 2011 represented an outlier 

in the data and once removed, the relationship is significant (slope = 0.797, p = 0.012). 

The line of best fit explained 42% of the total variance.   

 One last observation of note is that closely-related Prosopis species found near 

one another do not flower synchronously. Figure 1 clearly shows that sympatric species 

have different flowering peaks: P. odorata flowered 5-6 weeks earlier than P. glandulosa 

in New Mexico and P. velutina flowered 2-4 weeks earlier than P. odorata in Arizona. P. 

pubescens is an exception; it flowered at the same time as P. glandulosa, but is also a 

distant relative not known to hybridize with P. glandulosa (Pasiecznik, 2001).   
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DISCUSSION -- 

 This is the first study to examine the phenologies of P. odorata, P glandulosa, 

and P. pubescens and compare them to P. velutina. These species differ in average 

number of reproductive events per year, the number of inflorescences they produce per 

event, the number of flowers per inflorescence, and the number of seeds per pod. The 

survival of flowers and seeds varies among years for each Prosopis population I studied, 

but is not significantly different among different Prosopis species. Other studies of seed 

predation of different Prosopis species also found that the rate of seed predation varies 

more temporally than it does among species (Glendening & Paulsen, 1955; Smith & 

Ueckert, 1974; Swier, 1974; Solbrig & Cantino, 1975; Kingsolver et al., 1977; Hoffmann 

et al. 1993). Stochastic events like rainfall and population fluctuations of both insect and 

mammalian seed predators likely determine local flower and seed mortality rates. 

Microclimatic variables may also be important. For example, soil quality may affect pod 

deterioration and germination rates (Stromberg, 1993), while tree density may relate to 

the likelihood or speed of insect seed predator recolonization (Crone & Lesica, 2004).  

 Masting, in the strict sense, refers to plant populations that reproduce 

synchronously at long intervals (Janzen 1976) and is considered a means of reducing seed 

predation and thus increasing plant fitness (Kelly & Sork, 2002). Prosopis plants 

typically reproduce multiple times each year, so they do not fall under this definition of 

masting. However, my data suggests that the length and timing of the fruiting period 

could cause a similar form of seed predator satiation. Firstly, the CVs I calculated for five 

populations were consistent with synchronous reproduction as seen in other masting 

species (Herrera, 1998; Kelly et al., 2001; Crone & Lesica, 2004). Some numbers were 
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lower than expected, but Crone & Lesica (2004) also found that populations of the same 

species may sometimes have lower than expected CVs. Overall; the data is consistent 

with synchrony beyond resource matching. Secondly, seed predation rates correlate 

positively with seed availability, such that populations that produce fruits for longer 

periods throughout the year have higher seed mortality. Swier (1974) also found that P. 

velutina trees that produced the most seeds had the lowest proportion of seeds attacked by 

bruchid beetles. Predation rates I measured at these sites averaged 22% (ranging from 7-

58%), consistent with other studies of Prosopis (Glendening & Paulsen 1955; Swier 

1974; Solbrig & Cantino 1975; Kingsolver et al. 1977; Kistler 1995). However, I found 

that captive populations of bruchids completely destroy all seeds available to them (per. 

obs.) when their quantity is limited.  

 I believe arthropod seed predators fail to overwhelm Prosopis populations 

because their life cycles are short in comparison to the length of time that seeds are 

available. The seed predators need to first stir from diapause and colonize the fruiting 

trees. Since all but one species is specialized on Prosopis (Kingsolver et al., 1977), they 

have no alternative food source. Overwintering causes high mortality in the most 

abundant seed predators of this system (Parnell 1966), and so bruchid populations are 

likely low during the first fruiting event of the year. According to Swier (1974), most 

species attack dry seed pods. Dry pods last 50-80 days, whereas Prosopis bruchid 

development takes 26-34 days at 30°C (Hoffmann et al. 1993; Coetzer & Hoffmann 

1997). Thus, the average beetle population would be able to go through two or three 

generations per fruiting episode if they mate and lay eggs quickly. Given this time-frame, 



 

 

288 

the insects may often not have enough time to reach a population density capable of 

destroying most seeds produced. 

 Plants typically use environmental cues to achieve population-level reproductive 

synchrony (Michalski & Durka 2007). For Prosopis, there is a negative correlation 

between flowering time and both latitude and longitude (Solbrig & Cantino, 1975; Felker 

et al., 1984; Balboa et al., 1986; Borchert et al., 2004), which has led to the suggestion 

that photoperiod triggers the first bloom of the year (Solbrig & Cantino, 1975). Felker et 

al. (1984) challenged this hypothesis by finding that Prosopis from different locations 

with the same photoperiod flowered at different dates. Furthermore, as I found, first 

flowering differs by as much as two weeks from year to year despite photoperiod being 

the same every year (Glendening & Paulsen, 1955; Turner, 1963; Mooney et al., 1977; 

Balboa et al., 1986). Subsequent reproductive episodes during the year do not correlate 

with photoperiod, soil moisture, or drought, but instead follow heavy precipitation 

(Solbrig & Cantino, 1975; Felker et al., 1984). Soil moisture and maximum air 

temperature are alternative cues suggested because they also correlate with first flowering 

in Prosopis (Meyer et al. 1971; Felker et al., 1984; Pavón & Briones, 2001). Therefore, 

multiple factors likely play a role in initiating Prosopis flowering.  

 Regardless of whether it is a cue for reproduction or not, heavy rains play a 

critical role in Prosopis fitness and in some cases, synchronous reproduction increases its 

affect. Early rains promote seedling growth (Pasiecznik, 2001) and though these species 

can survive drought conditions (Cleverly et al., 1997), long periods of drought may 

reduce reproductive output (Cariaga et al., 2005) or even kill the trees (Smith et al., 1998; 

Foldi, 2014). Rain during flowering can destroy a large proportion of the crop by 
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knocking down flowers (Janzen, 1971). Late summer/early fall monsoons during the end 

of the fruiting period knock pods onto the ground, thus aiding in their dispersal 

(Stromberg, 1993) and drowning seed predators within the pods (pers. obs.). Heavy rains 

will degrade seed pods over time and eventually help the seeds to germinate (Pasiecznik, 

2001; Stromberg, 1993). Softer seed pods also facilitate parasitism by making it easier for 

parasitoids to push their ovipositors through the seed and pod wall (Bridwell, 1918). 

Thus, Prosopis should ideally time pod maturation with heavy rains and avoid flowering 

during heavy rains. Synchronized reproduction increases the risk of destruction of an 

entire crop and reduces the ability of animals to disperse seeds by limiting their 

availability during the year (Kelly & Sork, 2002).  

 Another possible consequence of synchronized reproduction is hybridization of 

closely-related species (Nilsson & Wästljung, 1987). Given the recent origin of North 

American Prosopis and evidence for frequent hybridization (Pasiecznik et al. 2001; Vega 

& Hernández, 2005), I would expect closely-related Prosopis that live in the same 

vicinity to have non-overlapping peaks in reproduction. Indeed, this is what I found 

(Figure 1), though I only observed five populations. The only case of two geographically 

adjacent Prosopis species with overlapping reproductive peaks was for distantly-related 

P. glandulosa and P. pubescens, which supports the idea that reproductive peaks are non-

overlapping to avoid hybridization. However, this causes a problem for my hypothesis 

that reproductive synchrony reduces seed predation: since different Prosopis species 

share seed predators, fruiting at different times would eliminate the benefits of reduced 

seed availability (Schnurr et al., 2002). One explanation is that different species of tree 

are further apart than most seed predators can disperse. The few studies that have 
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examined bruchid beetle dispersal have found that they rarely travel further than 50-100 

m (Janzen, 1969; Wright, 1983). When two species of Prosopis overlap in geographical 

range within North America, rarely did I find them closer than 1 km to one another. This 

is well within the range of foraging bees (Beekman & Ratnieks, 2000), which pollinate 

different Prosopis species (Simpson et al., 1977). So, reproductive timing may relate to 

avoiding both seed predation and hybridization.  

 The differences in reproductive morphology and reproductive timing of closely 

related Prosopis found 50 km apart supports P. velutina, P. odorata, and P. glandulosa as 

distinct species. This is relevant because frequent hybridization and difficulties in 

identification of these species have led to controversy over their species status (Hultine, 

2001; also see Appendix A). Without asynchronous flowering, the lack of reproductive 

isolation would prevent speciation from becoming complete (Sedgley et al., 1992). The 

four species examined in this study also attract a different community of seed predators 

(see Appendices B and D). Either this could be due to different habitat requirements 

shared by the seed predators and their host or, more likely, differences in mechanical and 

chemical defenses among different Prosopis species. Though the genus has a large 

number of such defenses (Cates & Rhoades, 1977; Kingsolver et al., 1977; Birch et al., 

1989), no one has looked at differences among species.    
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FIGURE 1 -- Phenograms of flowering (a), fruiting (b), and pod dispersal (c) for all four 

species of Prosopis investigated are highly synchronous. Reproduction occurred earlier at 

sites in New Mexico than sites in Arizona. Closely related species (P. glandulosa and P. 

odorata; P. velutina and P. odorata) that occur within 50 km of one another reproduce 

asynchronously. Peaks are not of equal size, suggesting reproductive events vary in their 

output. I do not show a graph of green pods because it is almost identical to dry pods, just 

moved four weeks earlier.    



FIGURE 1  



Table 1 -- A comparison of reproductive traits of the four species of Prosopis investigated. The number of reproductive episodes per 

year and the average number of seeds per pod are consistent within the two P. odorata populations, whereas all other traits, most of 

which are associated with survival of reproductive units, vary among sites and years more than they do among species. CV values 

within the range of 85-135% are consistent with resource matching and CV values above 135% are consistent with masting. 

Inflorescence is abbreviated "infl". 

species P. velutina P. odorata P. odorata P. glandulosa P. pubescens 

site Tucson, AZ Santa Rita, AZ Anthony, NM Las Cruces, NM Las Cruces, NM 

# of reproductive episodes 1-2 2-3 1-3 1-2 2 

fruiting peaks 
May/June & 

Aug 
Apr/May, June,  
& Aug/Sept 

May, Aug,  
& Sept June & Aug June & Aug 

mean fruiting date Aug. 6 Aug. 4 Aug. 23 Aug. 27 Aug. 16 

mean total annual # infl produced 272 687 1176 854 3951 

mean # flowers per infl 263 353 113 122 170 

mean % of flowers that become pods 7.54% 3.70% 0.36% 2.22% 0.28% 

mean total annual # mature fruit produced 5357 8972 481 2322 1890 

mean # seeds per pod 14.39 15.81 15.84 15.94 6.67 

mean seed predation rate (2009) 26.84% 25.56% 10.08% 19.60% 22.48% 

mean seed predation rate (2010) 15.86% 26.75% 8.22% 7.42% 26.65% 

mean seed predation rate (2011) 25.26% 25.49% 7.66% 25.40% 56.44% 

mean parasitism rate (2009) 10.15% 14.33% 5.10% 2.53% 2.91% 

mean parasitism rate (2010) 9.21% 10.31% 6.45% 2.03% 11.38% 

mean parasitism rate (2011) 11.30% 12.96% 3.65% 2.63% 3.77% 

CV of flowering plants 136.67% 145.13% 111.02% 142.63% 149.03% 

CV of fruiting plants (green pods) 180.56% 184.73% 134.10% 177.36% 158.87% 

CV of fruiting plants (dry pods) 180.56% 109.07% 84.29% 178.68% 132.50% 
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Table 2 -- Results of nested ANOVA analysis show that traits associated with survival (flowers that survive to become pods, mature 

fruit produced, and seed predation rate) among years, but not among populations. Mean fruiting date also follows this pattern, but is 

not clearly classified as solely a survival or reproductive trait. Traits associated with reproduction (number of inflorescence per flower, 

flowers per tree, and seeds per pod) vary among populations, but not among years. Parasitism rate, which could be classified as a 

survival trait since higher seed predator parasitism is expected to increase reproductive yield, varied among populations, but not 

among years. This was also the only variable with very high variation within populations and years. Inflorescence is abbreviated 

"infl". 

  among populations years within populations within population & year 

variable F-statistics p-value F-statistics p-value variation 

mean fruiting date F4,74 = 1.68 p = 0.23 F10,74 = 9.18 p < 0.001 32.73% 

mean total annual # infl produced F4,74 = 31.70 p < 0.001 F10,74 = 0.45 p = 0.91 51.90% 

mean # flowers per infl F4,74 = 171.73 p < 0.001 F10,74 = 1.28 p = 0.26 6.41% 

mean % of flowers that become pods F4,74 = 2.01 p = 0.17 F10,74 = 90.18 p < 0.001 4.02% 

mean total annual # mature fruit produced F4,74 = 2.35 p = 0.12 F10,74 = 6.24 p < 0.001 38.34% 

mean # seeds per pod F4,74 = 1699.96 p < 0.001 F10,74 = 0.87 p = 0.56 1.00% 

mean seed predation rate F4,74 = 3.14 p = 0.065 F10,74 = 4.59 p < 0.001 42.15% 

mean parasitism rate F4,74 = 8.60 p = 0.003 F10,74 = 0.17 p = 0.99 91.93% 
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ABSTRACT Studies of four species of bruchid beetle that feed on P. velutina 

hypothesize that these species partition resource temporally. I sampled the insect seed 

predator community from four species of mesquite (Prosopis spp.) bi-monthly for three 

years to test this hypothesis. I compared the relative abundance of seed predator and 

parasitoid species between five fruiting stages, up to three reproductive events throughout 

the year, and three years of surveying using nested ANOVAs and Spearman rank tests. I 

also tested for evidence of apparent competition using linear regressions between 

parasitoid and seed predator abundance as one alternative explanation of how seed 

predator species can co-exist on the same resource. I found no evidence of temporal or 

spatial niche partitioning among nine seed predator species from 202,540 specimens I 

collected, but did find evidence of temporal niche partitioning among their parasitoids. I 

also found no evidence supportive of apparent competition. Both seed predator and 

parasitoid populations fluctuated over time, with some species being temporarily absent. 

The rank abundance of seed predators did not vary, suggesting a spatially and temporally 

homogeneous competitive environment, which is an important condition for several 

mechanisms for stable coexistence. Lastly, I postulate which mechanisms for species 

coexistence may occur within Prosopis seed predator communities based on the patterns I 

found in this and a previous study.  

 

KEY WORDS apparent competition, Bruchidae, coexistence, competitive exclusion, 

mesquite, niche regeneration, Prosopis, seed predator 
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 Four species of bruchid beetle that feed on velvet mesquite (Prosopis velutina) in 

the Sonoran Desert form a well-studied example of co-occurring species with little niche 

differentiation (Forister 1970; Swier 1974; Kingsolver et al. 1977; Kistler 1995). 

Algarobius prosopis is the most abundant species, possibly because it is a superior 

competitor (Swier 1974; Kistler 1995), though this is sticky unproven. It lays its eggs on 

pods of any developmental stage (Swier 1974), has mobile first instar larvae that can seek 

out a seed other than the one below the egg it hatched from (Swier 1974), and lays 

inadhesive eggs in cracks and holes on the seed pod, which are hypothesized to reduce 

predation and parasitism (Bridwell 1920; Kingsolver et al. 1977; Johnson 1983). A 

variety of parasitoids attack different species of bruchids on the same host 

indiscriminately (Traveset 1991; Hoffmann et al. 1993a, b) and attack a wide number of 

bruchid species on different hosts (Siemens et al. 1991; also see Appendix B). 

Mimosestes amicus is the second most-common species; it attacks seeds with developed 

cotyledons (Swier 1974), lays three times as many eggs as the other species (Kistler 

1995), and also frequently uses Parkinsonia as a host (Kingsolver & Johnson 1978). 

Neltumias arizonensis is the third-most common; it also only attacks seeds with 

developed cotyledons, but is most abundant later in the year compared to the other three 

species (Swier 1974; Kistler 1995), does not lay eggs as high in the tree canopy as other 

species (Kingsolver et al. 1977), and has the largest eggs and so may be more susceptible 

to parasitism (Kistler 1995). Mimosestes protractus is considered the rarest; it lays eggs 

only on green pods (Forister 1970; Kistler 1995), has larvae with specialized thoracic 

spines that it uses to move through the sticky pulp (Forister 1970), is hypothesized to be 

more susceptible to parasitism because it lays its eggs in a row along the pod rim (Swier 
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1974; Kingsolver et al. 1977), and has fewer generations each year because it primarily 

feeds on immature pods (Forister 1970). Both species of Mimosestes exhibit an egg 

stacking behavior (noted by Swier 1974), which they use to reduce parasitism when 

parasitoid densities are high (Deas & Hunter 2012).  

 Among closely related insect species, phenological niche partitioning is a 

common result of competition for the same resource (Bush 1969; Després & Cherif 2004; 

Sachet et al. 2009). Evidence for niche partitioning among the four bruchid species that 

attack P. velutina is sparse. There is some seasonal variation between a few species, 

possibly related to differences in the height of oviposition sites for one species 

(Kingsolver et al. 1977), theoretical differences in parasitoid susceptibility (Swier 1974), 

the ability to use hosts other than Prosopis, or differences in thermal tolerance (Kistler 

1995). Kistler (1995) found that temperature differentially influences the fecundity, 

metabolic rate, and larval survivorship of these bruchid species and since green pods are 

cooler than dry pods and pods on the tree are cooler than pods on the ground, there may 

be some niche partitioning associated with different fruiting stages. 

 Prosopis plants can produce up to four crops of fruit each year (Mooney et al. 

1977) with annual variation in the number of episodes and seed produced (Kingsolver et 

al. 1977). My primary goal is this was to sample intensively the Prosopis insect seed 

predator and parasitoid community from multiple Prosopis species to document how 

these communities change across different Prosopis fruiting events over a three-year 

period. I showed in Appendix B that seed predator communities on other Prosopis 

species include different species and that P. velutina has insect seed predators other than 

bruchids. Here, I compare three understudied systems to the one described for P. 
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velutina. I then use the parasitoid and seed predator abundance data to test for evidence of 

apparent competition. Lastly, I use the patterns of community change over time to 

evaluate whether seed predators temporally partition seed resources.  

 

Materials and Methods 

 I collected insect samples from five focal populations of Prosopis: P. velutina in 

Tucson, AZ, P. odorata in the Santa Rita Experimental Range, AZ, P. odorata in 

Anthony, NM, P. glandulosa in Las Cruces, NM, and P. pubescens in Las Cruces, NM. I 

choose five trees at each site with a DBH of 10-20 cm and collected 100 seed pods in zip-

lock bags. These pods were stored at an average temperature of 28 °C for 45 days, at 

which point I collected and identified the emerged insects. In 2009, samples were 

collected the first week when green pods were available in large enough numbers to 

collect a sample of 100 pods per tree (usually the week after first fruit; labeled G1), three-

four weeks later when both green and dry pods were on the tree together (green and dry 

pods sampled separately; labeled G2 and D1), and three-four weeks after that when only 

dry pods are on the tree and a large number of pods have fallen to the ground (still 

hanging and ground pods sampled separately; labeled D2 and F1). I repeated these 

samples for each reproductive event and then collected a final sample off the ground per 

tree in late November, when all trees are between reproductive episodes (labeled F2). 

Because I wanted to sample the same tree repeatedly, the tree chosen occasionally did not 

have enough fruit to provide a sample, leading to some missing data points. In 2010 and 

2011, I visited trees on the dates nearest possible to when I sampled insects in 2009 and 
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collected a sample of 100 seed pods from previously sampled trees if a large enough 

sample was available.  

 I used nested ANOVAs in SYSTAT 13.0 for each seed predator species on each 

Prosopis species to test whether the relative abundance of species differs during different 

fruit stages, fruiting episodes, and years. I used a Spearman Rank test in SYSTAT 13.0 to 

test for a correlation between the relative rank abundance of seed predator species across 

different fruit stages, fruiting episodes. I repeated the nested ANOVA analysis for the 

parasitoids, but used the parasitism rate (the percent of all seed predators that emerged as 

parasitoid species x) instead of the relative abundance. This allowed me to test whether 

parasitoids partition their resource (the seed predators) temporally and whether their 

populations are stochastic or consistent over time. 

 Finally, my data allowed me to test for patterns consistent with apparent 

competition. Holt (1977) defined apparent competition as the presence or increased 

abundance of one species of seed predator causing an increase in the density of a 

generalist parasitoid, which in turn causes a decrease in the density of a co-occurring 

second seed predator species. Therefore, I built linear regressions in SYSTAT 13.0 

between the relative abundance of each seed predator species with the actual abundance 

of each parasitoid species, as well as two parasitoid guilds (bruchid egg parasitoids and 

bruchid larval parasitoids). I looked at shifts in the relative abundance, rather than the 

actual abundance of seed predators, which increase almost linearly over the span of the 

host plants reproductive event (Kingsolver et al. 1977). I analyzed data from each site and 

Prosopis species separately. I excluded species collected less than five times from all 

analyses. 
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Results 

 I identified 202,540 individual seed predators from trees over the three years of 

this study belonging to nine species: six bruchid beetles, two moths, and one wasp (Table 

1). Predation rates varied among sites and years, ranging from 7-56%. The number of 

seed predators increased over the reproductive event of the tree with a small dip once the 

pods fell to the ground, suggesting that at least some insects are leaving the pods to 

overwinter or find other seeds. Each site had a different combination of species, which 

varied in relative abundance across fruit stages (Table 1). I excluded samples of immature 

fruits (G1) because they had an average of just 4.9 seed predators, causing relative 

abundance to have such a high variance that it is uninformative. The relative abundances 

of the tortricid moth, Ofatulena duodecemstriata, and the bruchid Mimosestes protractus 

were highest in green fruits, though the actual abundances were only slightly higher in 

this stage. Neltumius gibbithorax and N. arizonensis were absent or very rare in green 

pods (G2). All fruit stages contained Algarobius prosopis, A. bottimeri, and Mimosestes 

amicus, with no consistent pattern across all sites and species. Whether fruits that had 

been on the ground for some time (F2) held particular seed species was inconsistent 

across sites. In summary, three species peaked in relative abundance each year when 

seedpods were green, three species did not change in relative abundance between seed 

stages, and four species changed their relative abundance inconsistently between seed 

stages dependant on the site examined.  

 Mean relative abundance of individual seed predator species varied across 

reproductive events of Prosopis species in 9/25 cases (Table 2) and across years in 10/25 
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cases (Table 3). Examples include M. protractus being more dominant during the first 

reproductive event of the year compared to later ones and M. amicus being more 

dominant in 2009 compared to other years. Most variability among the relative 

abundance of seed predators was among sites and not among trees at the same site. The 

mean variation in relative abundance of seed predators within trees over time was 89.8%. 

Rank abundance of the community of seed predators did not change across fruiting stages 

(Table 4), fruiting events (Table 5), or years (Table 6).  

 I identified 17,687 individual parasitoids from trees over the three years of this 

study belonging to twelve species (listed in Table 7). Abundance of all three 

Urosigalphus species collected (U. bruchi, U. bruchivorus, and U. neobruchi) were 

pooled because these all of these species were found during the same period. I classified 

parasitoids into three guilds based on their host: bruchid eggs, bruchid larvae, and 

caterpillars. Parasitism rates varied across Prosopis species and across sites, ranging from 

2-14%. Parasitism rates varied significantly across different fruit stages for 6/10 species 

(Table 7). Uscana semifumipennis is the most abundant species on green pods of all 

Prosopis species but P. pubescens, on which Horismenus is the most abundant egg 

parasitoid and Brasema brevicauda is the most abundant larval parasitoid of bruchids. 

Heterospilus prosopidis is most abundant on dry pods that have been on the tree for 3-4 

weeks. Only 2.6% of the total number of parasitoids collected was on Prosopis pods on 

the ground, late in the year, which means that they only rarely use Prosopis pods for 

overwintering. 

 Average relative abundance of parasitoids varied across the reproductive episodes 

of Prosopis species in 10/26 cases (Table 8) and across years in 10/27 cases (Table 9). 
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For some reproductive episodes and some years, certain parasitoid species were 

completely absent despite being otherwise abundant. As was the case for seed predators, 

average variation in relative abundance of seed predators within trees over time was high 

(89.8%).  

 I found 21 significant relationships between the relative abundance of seed 

predator species and the abundance of parasitoid species out of 43 comparisons (Table 

10). At an alpha value of 0.05, I expect at least two of these results to the result of a type I 

error. Of the eight parasitoid species with significant linear relationships with relative 

seed predator abundance, only two have consistent relationships across sites and Prosopis 

species: Urosigalphus spp. and Heterospilus prosopidis. I found a positive correlation 

between the abundance of Urosigalphus spp. and the relative abundance of both A. 

prosopis and A. bottimeri, a positive correlation between the abundance of H. prosopidis 

and M. amicus, a negative correlation between the abundance of Urosigalphus spp. and 

the relative abundance of both M. protractus and O. duodecemstriata, and a negative 

correlation between the abundance of H. prosopidis and the relative abundance of both 

M. protractus and O. duodecemstriata.  

 

Discussion 

 Different species of Prosopis clearly have different, but overlapping seed predator 

and parasitoid communities, as is the case for some Acacia spp. (Siemens et al. 1991). 

For example, I found Neltumias gibbithorax only on P. pubescens (and this was not only 

the case at the one site I studied intensively here, but also at hundreds of other trees I 

surveyed). Why doesn't it colonize other species? One obvious variable that separates P. 
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pubescens is its much smaller seeds compared to other North American species. N. 

gibbithorax is a small species of bruchid and A. prosopis, the only other bruchid beetle 

also found on P. pubescens, develops as a dwarfed morph (Kingsolver 2004). While it is 

able to switch to a larger alternative seed, N. gibbithorax is not. Seed size affects both 

development time (Siemens et al. 1991) and adult size (Siemens et al. 1991; Hoffmann et 

al. 1993a; Szentesi & Jermy 1995) of bruchids that feed on other host plant taxa, so it is 

reasonable to hypothesize that seed size may act as an environmental filter in Prosopis 

arthropod communities. Furthermore, the two sites I examined with P. odorata differed 

in species composition, which means that host species is not the only determinant of seed 

predator community structure.  

 I found that seven of the nine seed predator species within each of the five 

Prosopis populations I examined did not significantly change their rank abundance across 

fruiting stages, fruiting episodes over the year, or years. Sometimes they were absent, but 

when present, their rank abundance was predictable. The two species that changed their 

relative abundance consistently at the time scale of this study were M. protractus and O. 

duodecemstriata, both found significantly more often on green pods. If seeds are a 

limited resource that all of these seed predators are competing for, I would expect either 

niche partitioning or to the eventual existence of a single species that outcompetes all 

others (Gause 1934). Swier (1974) and Kistler (1995) hypothesized that bruchid seed 

predators that feed on P. velutina exhibit temporal partitioning associated with different 

fruiting stages, but my data does not provide any evidence of temporal, spatial, or 

resource partitioning among Prosopis seed predator species.  
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 Stable coexistence without partitioning is uncommon in most systems (Gotelli & 

McCabe 2002; Chase & Leibold 2003), but has been noted in a number of insect 

communities (Traveset 1991; Blossey 1995; Marr et al. 2001; Szentesi et al. 2006; 

Kaplan & Denno 2007; Vialatte et al. 2010; Brito et al. 2012; Gerber et al. 2012; 

Hochkirch & Gröning 2012; Zalewski et al. 2014). Mechanisms explaining stable 

coexistence generally violate a condition of the competitive exclusion principle (Palmer 

1994) and Chesson (2000) categorized them into stabilizing and equaling processes. 

Stabilizing processes cause species to differ in their niches, where "niches" refer to all 

trait differences between species that cause species to limit their own growth more than 

their competitors (as in Chesson 2000). Equalizing processes cause species to have a 

similar fitness by temporarily stalling competitive exclusion. Stable coexistence requires 

stabilizing processes. These processes can be weak and still result in stable coexistence if 

strong equalizing processes are also present.   

  The lack of spatial or temporal rank abundance changes in my data is important 

because it is an important assumption of certain stabilizing processes (Amarasekare 

2003). This pattern describes organisms existing in a spatially homogeneous competitive 

environment where environmental differences do not influence the relationships between 

species (Amarasekare 2003). Homogeneous competitive environments are predicted 

when environmental fluctuations allow rare species to persist in early successional 

patches described as the regeneration niche hypothesis (reviewed in Wright 2002; 

Andersen 2008; Wilson 2011) and when interspecific competition-colonization trade-offs 

exist (Amarasekare & Nisbet 2001). Heterogeneous competitive environments are 

predicted when shared natural enemies cause negative-density dependent growth (Holt 
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1977; Chaneton & Bonsall 2000; Teder & Tammaru 2003; van Veen et al. 2006), when 

there is "relative non-linearity" in the response of competitors to the environment 

(Chesson 1990; Chesson & Rosenzweig 1991; Chesson 2008), when life history trade-

offs exist in a spatially varying environment (Harrison et al. 1995; Amarasekare & Nisbet 

2001; Andersen 2008), and when a "storage effect" allows rare species to persist in 

sources unavailable to superior competitors (Warner & Chesson 1985; Sears & Chesson 

2007). Sampling over a much greater range (the focus of Appendix E) is necessary to 

provide strong evidence of a homogeneous competitive environment, but if the sites I 

sampled in this study are representative, only two stabilizing processes, competition-

colonization trade-offs and the regeneration niche, are likely to explain co-existence in 

this system.  

 Competition-colonization trade-offs allow coexistence because inferior 

competitors reach newly formed resource patches faster the superior competitors (Tilman 

1994). It is therefore necessary that the superior competitor be absent from some habitat 

patches. The most common species of Prosopis seed predators is A. prosopis and it is 

ubiquitous. The usual test of this trade-off is a negative correlation between competitive 

ability and colonization ability (Kisdi & Geritz 2003). Colonization ability is the 

summation of fecundity, recruitment ability, and dispersal ability. The rarest species in 

this system for which the fecundity is known, N. arizonensis, lays fewer eggs than two 

much more common species (Kistler 1995). This is at odds with a competition-

colonization trade-off unless this species has superior dispersal abilities. Not much is 

known about the dispersal ability of these species, but if adult mass correlates with flight 

ability as in Byrne et al. (1988), N. arizonensis would not be expected to have an 
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advantage over more common species at the same site. Competition-colonization trade-

offs are relatively rare in arthropods (Amarasekare & Nisbet 2001), possibly because they 

have such high dispersal ability (Kinlan & Gaines 2003) causing preemptive competition 

to occur rapidly (Amarasekare & Nisbet 2001).   

 The regeneration niche hypothesis is very similar to competition-colonization 

trade-offs, but it assumes all species have similar dispersal abilities and rare species 

escape extinction, not because they have any advantage, but because open patches of 

habitat are constantly being created in the landscape (Grubb 1977; reviewed in Wright 

2002; Wilson 2011). This hypothesis is understudied with little rigorous support (Wilson 

2011). As in Kolb et al. (2007), I found that seed predation rates vary in both space and 

time with some species temporally disappearing from a site, which means populations are 

fluctuating  and dispersing in from source populations as predicted by the regeneration 

niche hypothesis. However, not enough is known about the dispersal ability of seed 

predators in the Prosopis system or how environmental fluctuations affect seed 

availability to say more about it. 

 Two stabilizing mechanisms deserve further attention for this system in case I am 

falsely concluding that seed predators within this system exist in a homogeneous 

competitive environment: apparent competition and storage effects. Parasitoids can have 

a profound impact on phytophagous insect community composition either through 

apparent competition (Holt 1977; Bonsall
 
& Hassell 1997; van Veen et al. 2006) or 

differences in the realized niches of suites of parasitoids creating variable landscapes of 

enemy-free space (Lill et al. 2002; Rull et al. 2009). van Veen et al. (2008) even goes so 

far as to state, "most communities of insect herbivores are unlikely to be structured by 
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resource competition, but they may be structured by apparent competition mediated by 

shared natural enemies". In the Prosopis seed predator system, I found little evidence that 

parasitoids influence relationships amongst seed predator species, as Siemens et al. 

(1991) found in their study of Acacia seed predators and parasitoids. Urosigalphus was 

usually most abundant on dry pods, though Traveset (1991) found them more abundant 

on green Acacia pods. The negative correlation between Urosigalphus abundance and the 

abundance of both M. protractus and O. duodecemstriata is likely due to niche 

partitioning amongst parasitoids rather than negative-density dependence of relatively 

common species like A. prosopis and A. bottimeri mediated by the Urosigalphus 

parasitism rates. The same is true of the other negative correlation I found, except the 

parasitoid, H. prosopidis, is most abundant on dry pods late in the fruiting episode. This 

pattern of non-overlapping peaks in the abundance of parasitoid populations, the 

signature of niche partitioning, was present at all five sites. Therefore, I did not find 

evidence of apparent competition at the scale of this study. However, I did not examine 

external seed predators such as coreid and pentatomid bugs, which have been shown to 

destroy many seeds in some years (Cuda & DeLoach 1998), mammalian seed predators 

that accidently consume internal seed predators, or ants that feed on bruchids (Bridwell 

1920). Additionally, I only examined five sites over a short time frame and apparent 

competition may occur at measurable rates only when seed predator populations are small 

relative to parasitoids (Agrawal 2001). 

 The storage effect posits that 1) fitness varies across habitat patches, 2) species 

have specific environmental responses, and 3) species have negative-density dependant 

growth (Chesson 1994). Proving that species perform differently in different 
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environmental conditions can be particularly difficult using spatial abundance data of 

organisms like insects that readily disperse between patches. I also have no direct 

evidence of species-specific responses in this system, but the spatial and temporal 

variation I found in community composition is consistent with demographic stochasticity, 

which could be mediated by competitive interactions or species-specific responses to 

different environments (Kisdi & Geritz 2003). The third criterion is likely in this system 

for two reasons. First, several species in this community persist despite their rarity (e.g. 

Bruchophagus sp. nov. and N. arizonensis). Second, the scale at which environmental 

conditions impact species fitness should be primarily among small habitat patches and 

therefore populations never reach zero outside the range of potential subsequent 

recolonization. For example, a deep freeze might kill many overwintering adults and 

differentially kill some species more than others, but because overwintering sites will 

vary in their ability to buffer individuals from the cold, all local populations will rebound 

quickly either through reproduction or recruitment. Therefore, the storage effect should 

not be eliminated as a possible stabilizing process in this system despite preliminary 

results consistent with a homogeneous competitive environment.  

 Stable co-existence requires that all species are able to increase their population 

size when at the disadvantage of being rare among its more abundant competitor(s), 

without the benefit of immigration (McArthur 1972; Holt 1977; Chesson 2000, 2008). 

Like most community ecology studies, I was unfortunately unable to test explicitly this 

invasibility criterion (Siepielski & McPeek 2010), so I cannot say whether these species 

are briefly co-occurring or if they can coexist indefinitely. Strong equalizing processes 

can prolong the time it takes for competitive exclusion to occur and work in concert with 
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stabilizing processes to cause co-existence to be truly stable (Chesson 2000). One 

equalizing process likely to be of importance in Prosopis communities is seed predator 

recruitment limitation, driven by synchronous fruiting events that limit the insects' ability 

to build their population (reviewed in Kelly & Sork 2002; also see Appendix C). This 

would limit competition and thus stall competitive exclusion (Pearson & Knisley 1985). 

Another potential equalizing process in this system that could limit competition even 

further is active avoidance. Messina (1991) found that some seed predators actively avoid 

one another by not ovipositing on pods that already have high numbers of eggs. I test this 

hypothesis for one bruchid species in Appendix E. 
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Table 1. ANOVA results comparing the relative abundance of seed predators across fruit stages showing that only two species (O. 

duodecemstriata and M. protractus) change their rank abundance consistently across fruit stages. At some sites, seed predators are not 

overwintering in fallen seed pods (F2). Significant values are in bold. Stages are labeled as G2 (green pods 3-4 weeks after first pods 

appeared), D1 (dry pods on the tree 3-4 weeks after first pods appeared), D2 (dry pods on the tree 6-8 weeks after first pods appeared), 

F1 (dry pods on the ground 6-8 weeks after first pods appeared), and F2 (dry pods on the ground 12-23 weeks after first pods appeared 

and no other pods are present).  
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comparison of fruit stages 

results average relative abundance 
Prosopis species 

(locality) 
species 

F-statistics p-value G2 D1 D2 F1 F2 

Algarobius prosopis (Bruchidae) F4,78 = 1.23  p = 0.331 88.72% 91.71% 89.27% 87.79% 100.00% 

Neltumius gibbithorax (Bruchidae) F4,78 = 8.14 p < 0.001 0.00% 7.84% 9.92% 11.77% 0.00% 
P. pubescens  

(Las Cruces, NM) 
Ofatulena duodecemstriata (Tortricidae) F4,78 = 2.42 p = 0.082 11.28% 0.45% 0.81% 0.44% 0.00% 

Algarobius prosopis (Bruchidae) F4,90 = 3.97 p = 0.016 44.01% 65.12% 69.91% 75.61% 60.59% 

Mimosestes amicus (Bruchidae) F4,90 = 5.56 p = 0.004 2.84% 31.38% 23.13% 19.77% 38.00% 

Mimosestes protractus (Bruchidae) F4,90 = 31.86 p < 0.001 25.21% 1.41% 1.61% 0.16% 0.00% 

Neltumius arizonensis (Bruchidae) F4,90 = 1.31 p = 0.301 0.00% 0.10% 0.15% 0.18% 1.41% 

Ofatulena duodecemstriata (Tortricidae) F4,90 = 9.51 p < 0.001 27.94% 1.99% 5.17% 4.21% 0.00% 

P. velutina 

(Tucson, AZ) 

Rudenia leguminana (Tortricidae) F4,90 = 0.86 p = 0.505 0.00% 0.00% 0.03% 0.07% 0.00% 

Algarobius prosopis (Bruchidae) F4,115 = 12.55 p < 0.001 43.11% 79.17% 70.38% 77.60% 100.00% 

Mimosestes amicus (Bruchidae) F4,115 = 2.52 p = 0.074 14.50% 13.79% 25.58% 17.54% 0.00% 

Mimosestes protractus (Bruchidae) F4,115 = 8.33 p < 0.001 19.27% 2.71% 2.06% 2.85% 0.00% 

Ofatulena duodecemstriata (Tortricidae) F4,115 = 14.97 p < 0.001 19.77% 1.29% 1.78% 1.83% 0.00% 

P. odorata 

(Santa Rita, AZ) 

Bruchophagus sp. nov. (Eurytomidae) F4,115 = 0.99 p = 0.436 3.34% 0.26% 0.21% 0.18% 0.00% 

Algarobius prosopis (Bruchidae) F4,93 = 74.50 p < 0.001 55.80% 40.30% 23.78% 36.50% 100.00% 

Mimosestes amicus (Bruchidae) F4,93 = 127.18 p < 0.001 3.78% 50.57% 73.95% 57.77% 0.00% 

Neltumius arizonensis (Bruchidae) F4,93 = 1.42 p = 0.263 0.00% 0.01% 0.00% 0.07% 0.00% 

P. odorata 

(Anthony, NM) 

Ofatulena duodecemstriata (Tortricidae) F4,93 = 88.47 p < 0.001 40.42% 5.79% 2.28% 5.66% 0.00% 

Algarobius bottimeri (Bruchidae) F4,60 = 2.96 p = 0.045 23.95% 5.74% 6.10% 6.41% 12.19% 

Algarobius prosopis (Bruchidae) F4,60 = 10.29 p < 0.001 42.61% 76.14% 71.43% 76.51% 87.67% 

Mimosestes amicus (Bruchidae) F4,60 = 4.41 p = 0.010 6.14% 13.89% 20.52% 16.16% 0.15% 

Mimosestes protractus (Bruchidae) F4,60 = 1.00 p = 0.432 0.12% 0.10% 0.02% 0.00% 0.00% 

Neltumius arizonensis (Bruchidae) F4,60 = 0.57 p = 0.684 0.12% 0.07% 0.01% 0.03% 0.00% 

Ofatulena duodecemstriata (Tortricidae) F4,60 = 9.25 p < 0.001 27.07% 3.72% 1.39% 0.89% 0.00% 

P. glandulosa 

(Las Cruces, NM) 

Bruchophagus sp. nov. (Eurytomidae) F4,60 = 2.69 p = 0.061 0.00% 0.34% 0.53% 0.00% 0.00% 
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Table 2. ANOVA results comparing seed predators across fruiting events showing seed predator populations fluctuate throughout the 

year, though not consistently across sites. Rank abundance does not change across reproductive episodes for any species. Significant 

values are in bold. Events 1-3 refer to different reproductive episodes occurring during the same dates on different years. 

comparison of fruiting events 

results average relative abundance Prosopis species 

(locality) species F-statistics p-value 1 2 3 

Algarobius prosopis (Bruchidae) F1,132 = 22.67 p = 0.001 82.64% 92.83% - 

Neltumius gibbithorax (Bruchidae) F1,132 = 20.42 p = 0.002 10.32% 5.43% - P. pubescens  

(Las Cruces, NM) Ofatulena duodecemstriata (Tortricidae) F1,132 = 8.12 p = 0.022 7.04% 1.74% - 

Algarobius prosopis (Bruchidae) F1,122 = 0.266 p = 0.266 55.79% 62.26% - 

Mimosestes amicus (Bruchidae) F1,132 = 0.10 p = 0.756 19.11% 20.04% - 

Mimosestes protractus (Bruchidae) F1,132 = 58.00 p < 0.001 17.22% 1.60% - 

Neltumius arizonensis (Bruchidae) F1,132 = 2.88 p = 0.128 0.04% 0.49% - 

Ofatulena duodecemstriata (Tortricidae) F1,132 = 2.85 p = 0.130 7.81% 15.60% - 

P. velutina 

(Tucson, AZ) 

 

Rudenia leguminana (Tortricidae) F1,132 = 1.13 p = 0.318 0.04% 0.00% - 

Algarobius prosopis (Bruchidae) F2,153 = 0.554 p = 0.664 60.30% 62.84% 67.86% 

Mimosestes amicus (Bruchidae) F2,153 = 2.27 p = 0.146 15.44% 11.97% 20.96% 

Mimosestes protractus (Bruchidae) F2,153 = 9.46 p = 0.003 15.33% 13.65% 4.03% 

Ofatulena duodecemstriata (Tortricidae) F2,153 = 5.74 p = 0.018 3.67% 11.24% 6.47% 

P. odorata  

(Santa Rita, AZ) 

 

Bruchophagus sp. nov. (Eurytomidae) F2,153 = 4.30 p = 0.039 5.26% 0.30% 0.69% 

Algarobius prosopis (Bruchidae) F2,125 = 20.69 p < 0.001 35.03% 40.12% 61.33% 

Mimosestes amicus (Bruchidae) F2,125 = 0.87 p = 0.445 33.72% 38.10% 38.67% 

Neltumius arizonensis (Bruchidae) F2,125 = 1.14 p = 0.351 0.04% 0.00% 0.00% 

P. odorata 

(Anthony, NM) 

Ofatulena duodecemstriata (Tortricidae) F2,125 = 21.64 p < 0.001 31.21% 21.77% 0.00% 

Algarobius bottimeri (Bruchidae) F1,125 = 0.40 p = 0.543 10.77% 13.68% - 

Algarobius prosopis (Bruchidae) F1,125 = 0.15 p = 0.711 64.62% 63.18% - 

Mimosestes amicus (Bruchidae) F1,125 = 4.55 p < 0.066 9.36% 11.88% - 

Mimosestes protractus (Bruchidae) F1,125 = 3.19 p = 0.112 2.20% 0.00% - 

Neltumius arizonensis (Bruchidae) F1,125 = 2.43 p = 0.158 0.08% 0.00% - 

Ofatulena duodecemstriata (Tortricidae) F1,125 = 0.18 p = 0.680 12.88% 11.12% - 

P. glandulosa 

 (Las Cruces, NM) 

 

Bruchophagus sp. nov. (Eurytomidae) F1,125 = 0.23 p = 0.642 0.09% 0.13% - 
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Table 3. ANOVA results comparing seed predators across years showing seed predator populations fluctuate across years at some 

sites. Rank abundance does not change across reproductive events for any species. Significant values are in bold. 

comparison of years 

results average relative abundance Prosopis species 

(locality) species F-statistics p-value 2009 2010 2011 

Algarobius prosopis (Bruchidae) F2,127 = 80.99 p < 0.001 100.00% 98.00% 68.06% 

Neltumius gibbithorax (Bruchidae) F2,127 = 87.75 p < 0.001 0.00% 1.65% 20.33% 
P. pubescens 

 (Las Cruces, NM) 
Ofatulena duodecemstriata (Tortricidae) F2,127 = 15.42 p < 0.001 0.00% 0.34% 11.61% 

Algarobius prosopis (Bruchidae) F2,117 = 3.74 p = 0.055 55.27% 56.36% 70.93% 

Mimosestes amicus (Bruchidae) F2,117 = 1.35 p = 0.295 22.18% 19.37% 14.25% 

Mimosestes protractus (Bruchidae) F2,117 = 2.16 p = 0.158 12.99% 7.81% 9.66% 

Neltumius arizonensis (Bruchidae) F2,117 = 2.61 p = 0.114 0.60% 0.00% 0.00% 

Ofatulena duodecemstriata (Tortricidae) F2,117 = 2.19 p = 0.154 8.91% 16.46% 5.16% 

P. velutina 

(Tucson, AZ) 

Rudenia leguminana (Tortricidae) F2,117 = 2.11 p = 0.360 0.05% 0.00% 0.00% 

Algarobius prosopis (Bruchidae) F2,143 = 3.74 p = 0.706 61.65% 65.79% 63.51% 

Mimosestes amicus (Bruchidae) F2,143 = 5.37 p = 0.022 21.38% 9.07% 12.99% 

Mimosestes protractus (Bruchidae) F2,143 = 8.56 p = 0.005 13.79% 11.66% 3.97% 

Ofatulena duodecemstriata (Tortricidae) F2,143 = 13.86 p = 0.001 2.85% 9.13% 19.44% 

P. odorata  

(Santa Rita, AZ) 

Bruchophagus sp. nov. (Eurytomidae) F2,143 = 4.03 p = 0.046 0.33% 4.35% 0.09% 

Algarobius prosopis (Bruchidae) F2,125 = 51.17 p < 0.001 28.65% 46.80% 55.60% 

Mimosestes amicus (Bruchidae) F2,125 = 0.58 p = 0.576 39.11% 36.13% 34.15% 

Neltumius arizonensis (Bruchidae) F2,125 = 0.46 p = 0.642 0.01% 0.02% 0.00% 

P. odorata 

(Anthony, NM) 

Ofatulena duodecemstriata (Tortricidae) F2,125 = 18.38 p < 0.001 32.22% 17.04% 10.25% 

Algarobius bottimeri (Bruchidae) F2,120 = 1.39 p = 0.287 13.65% 20.13% 8.14% 

Algarobius prosopis (Bruchidae) F2,120 = 3.27 p < 0.074 56.41% 70.37% 68.00% 

Mimosestes amicus (Bruchidae) F2,120 = 0.57 p = 0.581 12.46% 9.50% 10.09% 

Mimosestes protractus (Bruchidae) F2,120 = 1.70 p = 0.225 1.67% 0.00% 0.33% 

Neltumius arizonensis (Bruchidae) F2,120 = 0.49 p = 0.627 0.03% 0.00% 0.05% 

Ofatulena duodecemstriata (Tortricidae) F2,120 = 3.08 p < 0.083 15.50% 0.00% 13.39% 

P. glandulosa 

 (Las Cruces, NM) 

Bruchophagus sp. nov. (Eurytomidae) F2,120 = 7.93 p = 0.006 0.29% 0.00% 0.00% 
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Table 4. Spearman correlation matrix shows high correlations between relative rank 

abundance of different seed predator species at different fruiting periods. The p-values 

for all correlations are <0.001, except G2 vs. D1 (p = 0.003), G2 vs. D2 (p = 0.009), and 

G2 vs. F1 (p = 0.014). 

  G2 D1 D2 F1 F2 

G2 1.000 - - - - 

D1 0.590 1.000 - - - 

D2 0.667 0.976 1.000 - - 

F1 0.690 1.000 0.976 1.000 - 

F2 0.805 0.800 0.781 0.830 1.000 

 

Table 5. Spearman correlation matrix shows high correlations between relative rank 

abundance of different seed predator species during different fruiting events over the 

year. The p-values for all correlations are <0.001 

  1 2 3 

1 1.000 - - 

2 0.929 1.000 - 

3 0.893 0.893 1.000 

 

Table 6. Spearman correlation matrix shows high correlations between relative rank 

abundance of different seed predator species for different years. The p-values for all 

correlations are <0.001. 

  2009 2010 2011 

2009 1.000 - - 

2010 0.895 1.000 - 

2011 0.860 0.828 1.000 
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Table 7. ANOVA results comparing parasitism rates across fruit stages showing clear temporal niche partitioning. Overwintering of 

parasitoids is uncommon. Significant values are in bold. Stages are labeled as in Table 1. 

comparison of fruit stages 

results average parasitism rate 

Prosopis 

species 

(locality) 

guild species 

F-statistics p-value G2 D1 D2 F1 F2 

Lepidoptera Habrobracon hebetor (Braconidae) F3,6 = 498.48 p < 0.001 23.60% 27.57% 44.14% 50.23% - 

Heterospilus prosopidis (Braconidae) F4,76 = 4.81 p = 0.007 0.00% 1.56% 0.10% 1.03% 2.12% 
Bruchid larvae 

Brasema brevicauda (Eupelmidae) F4,81 = 6.12 p = 0.002 24.42% 5.97% 1.03% 5.95% 0.00% 

Horismenus near productus (Eulophidae) F4,78 = 8.34 p < 0.001 18.20% 2.70% 3.91% 1.59% 0.00% 

Horismenus texanus (Eulophidae) F4,79 = 7.63 p = 0.001 22.00% 3.19% 0.29% 0.00% 0.00% 

P. pubescens  

(Las Cruces, 

NM) 
Bruchid eggs 

Uscana semifumipennis (Tricogrammatidae) F4,76 = 9.31 p < 0.001 0.00% 0.03% 0.03% 0.00% 0.00% 

Lepidoptera Habrobracon hebetor (Braconidae) F3,50 = 1.09 p = 0.381 15.82% 31.76% 20.30% 12.81% - 

Stenocorse bruchivora (Braconidae) F4,90 = 1.23 p = 0.330 0.29% 0.10% 0.35% 0.31% 0.00% 
Bruchid larvae 

Heterospilus prosopidis (Braconidae) F4,90 = 2.67 p = 0.062 0.00% 4.55% 7.76% 3.69% 0.00% 

Urosigalphus spp. (Braconidae) F4,90 = 2.48 p = 0.077 0.36% 1.05% 2.70% 2.03% 0.00% 

Horismenus near productus (Eulophidae) F4,90 = 7.09 p = 0.001 7.85% 0.76% 0.26% 0.44% 0.00% 

P. velutina 

(Tucson, AZ) 

Bruchid eggs 

Uscana semifumipennis (Tricogrammatidae) F4,90 = 11.42 p < 0.001 28.90% 3.72% 4.28% 6.44% 0.00% 

Stenocorse bruchivora (Braconidae) F4,114 = 1.49 p = 0.216 0.72% 0.09% 0.07% 0.21% 0.00% 

Heterospilus prosopidis (Braconidae) F4,114 = 6.13 p = 0.002 0.00% 1.76% 4.52% 6.73% 0.00% 

Eupelmus cushmani (Eupelmidae) F4,114 = 0.94 p = 0.461 0.00% 0.02% 0.02% 0.02% 0.00% 
Bruchid larvae 

Eurytoma tylerdermatis (Eurytomidae) F4,114 = 1.13 p = 0.371 0.00% 0.03% 0.00% 0.01% 0.00% 

Horismenus near productus (Eulophidae) F4,116 = 59.44 p < 0.001 55.69% 6.26% 5.93% 4.28% 6.32% 

Urosigalphus spp. (Braconidae) F4,114 = 1.71 p = 0.186 0.00% 1.96% 0.85% 1.05% 2.33% 

P. odorata  

(Santa Rita, 

AZ) 

Bruchid eggs 

Uscana semifumipennis (Tricogrammatidae) F4,116 = 32.01 p < 0.001 47.68% 1.94% 2.70% 4.04% 3.23% 

Heterospilus prosopidis (Braconidae) F4,89 = 8.04 p < 0.001 0.00% 0.18% 0.75% 1.31% 0.13% 
Bruchid larvae 

Eurytoma tylerdermatis (Eurytomidae) F4,89 = 2.32 p = 0.092 0.00% 0.12% 0.12% 0.42% 0.00% 

P. odorata 

(Anthony, 

NM) Bruchid eggs Uscana semifumipennis (Tricogrammatidae) F4,93 = 61.12 p < 0.001 70.91% 7.85% 3.27% 9.95% 5.72% 

Lepidoptera Habrobracon hebetor (Braconidae) F4,23 = 0.94 p = 0.412 8.66% 14.65% 16.21% 29.87% - 

Bruchid larvae Heterospilus prosopidis (Braconidae) F4,60 = 11.17 p < 0.001 0.07% 0.05% 0.15% 0.46% 0.00% 

Urosigalphus neobruchi (Braconidae) F4,60 = 0.31 p = 0.871 0.62% 0.27% 0.27% 0.38% 0.20% 

Horismenus near productus (Eulophidae) F4,60 = 4.65 p = 0.008 6.77% 0.23% 0.20% 0.00% 0.00% 

P. glandulosa  

(Las Cruces, 

NM) Bruchid eggs 

Uscana semifumipennis (Tricogrammatidae) F4,60 = 9.53 p < 0.001 28.50% 2.08% 0.74% 2.14% 0.00% 
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Table 8. ANOVA results comparing parasitism rates across fruiting events showing these rates fluctuate throughout the year. 

Significant values are in bold. 

comparison of years 

results average parasitism rate 
Prosopis species 

(locality) 
guild species 

F-statistics p-value 2009 2010 2011 

Lepidoptera Habrobracon hebetor (Braconidae) F1,31 = 5.61 p = 0.045 - 65.10% 26.93% 

Heterospilus prosopidis (Braconidae) F2,123 = 2.14 p = 0.160 0.11% 1.05% 4.13% 
Bruchid larvae 

Brasema brevicauda (Eupelmidae) F2,127 = 0.64 p < 0.001 7.74% 5.59% 4.31% 

Horismenus near productus (Eulophidae) F2,125 = 13.17 p = 0.001 0.00% 10.79% 3.86% 

Horismenus texanus (Eulophidae) F2,130 = 24.19 p < 0.001 7.88% 2.11% 0.60% 

P. pubescens 

 (Las Cruces, NM) 

Bruchid eggs 

Uscana semifumipennis (Tricogrammatidae) F2,122 = 34.37 p < 0.001 0.00% 0.00% 0.04% 

Lepidoptera Habrobracon hebetor (Braconidae) F1,67 = 3.28 p = 0.095 13.11% 10.09% 40.42% 

Stenocorse bruchivora (Braconidae) F2,116 = 3.03 p = 0.085 0.07% 0.22% 0.43% 
Bruchid larvae 

Heterospilus prosopidis (Braconidae) F2,116 = 0.30 p = 0.747 4.09% 2.74% 4.20% 

Urosigalphus spp. (Braconidae) F2,116 = 3.46 p = 0.065 0.65% 3.42% 0.83% 

Horismenus near productus (Eulophidae) F2,116 = 0.85 p = 0.452 1.70% 2.53% 0.90% 

P. velutina 

(Tucson, AZ) 

Bruchid eggs 

Uscana semifumipennis (Tricogrammatidae) F2,117 = 0.41 p = 0.674 9.19% 13.49% 10.03% 

Stenocorse bruchivora (Braconidae) F2,140 = 2.61 p = 0.115 0.12% 0.09% 1.16% 

Heterospilus prosopidis (Braconidae) F2,140 = 0.17 p = 0.845 2.32% 2.62% 3.30% 

Eupelmus cushmani (Eupelmidae) F2,140 = 1.00 p = 0.396 0.02% 0.00% 0.01% 
Bruchid larvae 

Eurytoma tylerdermatis (Eurytomidae) F2,140 = 2.56 p = 0.119 0.02% 0.00% 0.00% 

Horismenus near productus (Eulophidae) F2,143 = 18.01 p < 0.001 20.92% 13.51% 31.30% 

Urosigalphus spp. (Braconidae) F2,140 = 0.86 p = 0.488 1.13% 0.49% 0.66% 

P. odorata  

(Santa Rita, AZ) 

Bruchid eggs 

Uscana semifumipennis (Tricogrammatidae) F2,143 = 13.20 p = 0.001 11.00% 16.41% 29.99% 

Heterospilus prosopidis (Braconidae) F2,113 = 0.86 p = 0.448 0.46% 0.54% 0.31% 
Bruchid larvae 

Eurytoma tylerdermatis (Eurytomidae) F2,113 = 3.22 p = 0.076 0.15% 0.20% 0.00% 
P. odorata 

(Anthony, NM) 
Bruchid eggs Uscana semifumipennis (Tricogrammatidae) F2,124 = 2.64 p = 0.114 23.66% 29.30% 18.22% 

Lepidoptera Habrobracon hebetor (Braconidae) F1,59 = 1.81 p = 0.216 9.73% - 18.87% 

Bruchid larvae Heterospilus prosopidis (Braconidae) F2,118 = 11.06 p = 0.002 0.21% 0.00% 0.05% 

Urosigalphus neobruchi (Braconidae) F2,118 = 0.23 p = 0.797 0.23% 0.21% 0.35% 

Horismenus near productus (Eulophidae) F2,118 = 4.14 p = 0.043 0.00% 0.00% 2.68% 

P. glandulosa  

(Las Cruces, NM) 
Bruchid eggs 

Uscana semifumipennis (Tricogrammatidae) F2,120 = 0.77 p = 0.484 13.43% 17.68% 10.19% 
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Table 9. ANOVA results comparing parasitism rates across years showing these rates fluctuate at some sites. Significant values are in 

bold. 

comparison of fruiting events 

results average parasitism rate 
Prosopis species 

(locality) 
guild species 

F-statistics p-value 1 2 3 

Lepidoptera Habrobracon hebetor (Braconidae) F1,31 = 0.027 p = 0.875 32.21% 33.45% - 

Heterospilus prosopidis (Braconidae) F1,128 = 0.66 p = 0.439 1.08% 2.33% - 
Bruchid larvae 

Brasema brevicauda (Eupelmidae) F1,132 = 48.44 p < 0.001 12.49% 0.00% - 

Horismenus near productus (Eulophidae) F1,130 = 4.95 p = 0.057 2.27% 7.25% - 

Horismenus texanus (Eulophidae) F1,130 = 24.19 p = 0.001 7.77% 0.00% - 

P. pubescens  

(Las Cruces, NM) 

Bruchid eggs 

Uscana semifumipennis (Tricogrammatidae) F1,127 = 42.56 p < 0.001 0.03% 0.00% - 

Lepidoptera Habrobracon hebetor (Braconidae) - - 30.55% 0.00% - 

Stenocorse bruchivora (Braconidae) F1,121 = 0.06 p = 0.817 0.19% 0.22% - 
Bruchid larvae 

Heterospilus prosopidis (Braconidae) F1,121 = 4.05 p = 0.075 5.48% 1.15% - 

Urosigalphus spp. (Braconidae) F1,121 = 0.76 p = 0.408 1.24% 2.52% - 

Horismenus near productus (Eulophidae) F1,121 = 0.00 p = 0.958 1.86% 1.92% - 

P. velutina 

(Tucson, AZ) 

Bruchid eggs 

Uscana semifumipennis (Tricogrammatidae) F1,122 = 2.74 p = 0.136 8.59% 14.23% - 

Stenocorse bruchivora (Braconidae) F2,150 = 3.03 p = 0.086 0.16% 0.58% 0.00% 

Heterospilus prosopidis (Braconidae) F2,150 = 8.30 p = 0.005 2.01% 5.16% 0.00% 

Eupelmus cushmani (Eupelmidae) F2,150 = 2.30 p = 0.143 0.02% 0.02% 0.00% 
Bruchid larvae 

Eurytoma tylerdermatis (Eurytomidae) F2,150 = 3.74 p = 0.055 0.03% 0.00% 0.00% 

Horismenus near productus (Eulophidae) F2,153 = 35.99 p < 0.001 7.34% 21.02% 32.41% 

Urosigalphus spp. (Braconidae) F2,150 = 0.80 p = 0.471 0.64% 1.27% 0.78% 

P. odorata  

(Santa Rita, AZ) 

Bruchid eggs 

Uscana semifumipennis (Tricogrammatidae) F2,153 = 15.75 p < 0.001 5.52% 17.53% 24.65% 

Heterospilus prosopidis (Braconidae) F2,113 = 5.24 p = 0.023 0.73% 0.40% 0.16% 
Bruchid larvae 

Eurytoma tylerdermatis (Eurytomidae) F2,113 = 6.92 p = 0.010 0.41% 0.03% 0.00% 
P. odorata 

(Anthony, NM) 
Bruchid eggs Uscana semifumipennis (Tricogrammatidae) F2,124 = 3.66 p = 0.057 26.31% 26.28% 16.50% 

Lepidoptera Habrobracon hebetor (Braconidae) F1,59 = 8.81 p = 0.018 20.73% 3.85% - 

Bruchid larvae Heterospilus prosopidis (Braconidae) F1,123 = 1.68 p = 0.231 0.17% 0.07% - 

Urosigalphus neobruchi (Braconidae) F1,123 = 0.73 p = 0.417 0.39% 0.21% - 

Horismenus near productus (Eulophidae) F1,123 = 5.65 p = 0.045 2.95% 0.00% - 

P. glandulosa  

(Las Cruces, NM) 
Bruchid eggs 

Uscana semifumipennis (Tricogrammatidae) F1,125 = 3.51 p = 0.098 8.43% 15.53% - 
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Table 10. Linear regressions between parasitoid abundance and relative seed predator 

abundance show only two examples of possible apparent competition. These correlations 

could be due to similar phenologies of the species being examined or random chance 

given the high number of separate analyses. I excluded parasitoid species that had no 

significant relationships for brevity. I also excluded three weaker significant relationships 

I found for bruchid egg parasitoids and seed predators because I attribute these 

relationships to the influence of the most abundant species of bruchid egg parasitoid, 

which had the same relationship. Significant values are in bold. I clarify the site for P. 

odorata by the abbreviations SR (Santa Rita) and A (Anthony).  
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Prosopis parasitoid seed predator p-value slope R² 

P. odorata (SR) Urosigalphus spp. A. prosopis 0.017 4.552 0.166 

P. odorata (SR) Urosigalphus spp. M. protractus 0.001 -10.04 0.346 

P. odorata (SR) Urosigalphus spp. O. duodecemstriata 0.011 -8.674 0.234 

P. velutina Urosigalphus spp. A. prosopis 0.714 -0.781 0.006 

P. velutina Urosigalphus spp. M. protractus 0.011 -5.844 0.294 

P. velutina Urosigalphus spp. O. duodecemstriata 0.653 1.243 0.01 

P. glandulosa Urosigalphus neobruchi A. prosopis 0.09 0.987 0.111 

P. glandulosa Urosigalphus neobruchi A. bottimeri 0.038 -2.144 0.168 

P. glandulosa Urosigalphus neobruchi M. protractus 0.142 -5.947 0.122 

P. glandulosa Urosigalphus neobruchi O. duodecemstriata 0.002 -2.35 0.382 

P. odorata (SR) Heterospilus prosopidis M. amicus 0.808 -6.271 0.002 

P. odorata (SR) Heterospilus prosopidis M. protractus 0.004 -64.78 0.348 

P. odorata (SR) Heterospilus prosopidis O. duodecemstriata 0.026 -54.23 0.234 

P. odorata (A) Heterospilus prosopidis M. amicus 0.002 1.705 0.379 

P. odorata (A) Heterospilus prosopidis O. duodecemstriata < 0.001 -1.584 0.519 

P. glandulosa Heterospilus prosopidis M. amicus 0.326 1.282 0.051 

P. glandulosa Heterospilus prosopidis M. protractus 0.272 -4.706 0.119 

P. glandulosa Heterospilus prosopidis O. duodecemstriata 0.017 -1.814 0.307 

P. velutina Heterospilus prosopidis M. amicus 0.416 31.119 0.029 

P. velutina Heterospilus prosopidis M. protractus 0.195 -49.6 0.125 

P. velutina Heterospilus prosopidis O. duodecemstriata 0.309 -34.63 0.052 

P. velutina Horismenus near productus O. duodecemstriata < 0.001 4.18 0.401 

P. velutina Horismenus near productus A. prosopis 0.103 -1.471 0.099 

P. pubescens Horismenus near productus O. duodecemstriata 0.12 -478 0.163 

P. pubescens Horismenus near productus A. prosopis 0.57 5.987 0.011 

P. odorata (SR) Horismenus near productus O. duodecemstriata 0.798 -5.515 0.002 

P. odorata (SR) Horismenus near productus A. prosopis 0.526 -8.055 0.013 

P. odorata (SR) Uscana semifumipennis O. duodecemstriata 0.034 24.166 0.156 

P. odorata (SR) Uscana semifumipennis A. prosopis 0.35 -6.57 0.027 

P. odorata (A) Uscana semifumipennis O. duodecemstriata 0.031 -6.77 0.195 

P. odorata (A) Uscana semifumipennis A. prosopis 0.777 -0.989 0.003 

P. velutina Uscana semifumipennis O. duodecemstriata 0.563 -9.232 0.016 

P. velutina Uscana semifumipennis A. prosopis 0.045 24.885 0.152 

P. glandulosa Uscana semifumipennis O. duodecemstriata 0.187 7.394 0.094 

P. glandulosa Uscana semifumipennis A. prosopis 0.002 -13.19 0.325 

P. glandulosa Uscana semifumipennis A. bottimeri 0.015 18.971 0.221 

P. odorata (SR) Eupelmus cushmani O. duodecemstriata 0.027 -0.355 0.222 

P. odorata (A) Eurytoma tylerdermatis O. duodecemstriata 0.01 -0.642 0.433 

P. pubescens Habrobracon hebetor A. prosopis < 0.001 -4.015 0.42 

P. velutina Habrobracon hebetor A. prosopis 0.175 -1.651 0.078 

P. glandulosa Habrobracon hebetor A. prosopis 0.525 0.429 0.016 

P. odorata (SR) Stenocorse bruchivora M. protractus 0.05 -1.469 0.164 

P. velutina Stenocorse bruchivora M. protractus 0.082 -0.776 0.151 
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APPENDIX E - WHAT DETERMINES COMMUNITY COMPOSITION AND 

ABUNDANCE IN MESQUITE (PROSOPIS SPP.) SEED PREDATOR 

COMMUNITIES? 
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ABSTRACT Species interactions, stochastic processes, and environmental filtering from 

the regional species pool determine local community assembly. Mechanisms that either 

allow species to rebuild their population when rare or stall competitive exclusion permit 

stable coexistence of species using the same resource without niche partitioning. Here, I 

describe patterns of abundance, diversity, and species composition of insect seed 

predators on mesquite trees (Prosopis spp.) to determine how these species vary spatially. 

I then compare coexistence mechanisms to evaluate which are most consistent with these 

patterns. To do this, I sampled insect communities from 219 trees of eleven Prosopis 

species in North America. I tested the geographic scale in which dispersal occurs by 

comparing community similarity to patterns expected based on phylogenetic similarity 

and geographic overlap. I tested whether observed rank abundance of each species varied 

across sites. I tested for species-specific response to abiotic and biotic conditions using 

multiple linear regressions of the abundance of each species with one another, parasitoid 

abundance, and five abiotic variables. I tested for evidence of species interactions using t-

tests that compared the abundance of seed predator species with and without potentially 

interacting species. Lastly, I tested whether one seed predator species lays its eggs 

randomly by comparing the expected number of eggs laid above seeds previously 

occupied by an egg under a random model to the number actually laid above previously 

occupied seeds. I found that species composition is most similar among closely related, 

but geographically distant host species than among distantly-related host species with 

overlapping ranges. I found that species rank abundance is stable across sites and species. 

I found no evidence of species interactions, apparent competition, or abiotic variables 

relating to seed predator species abundance. Lastly, I found that Mimosestes amicus 
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overdisperses its eggs on seed pods. My results are consistent with environmental filters 

determining local community composition and coexistence maintained via the 

regeneration niche hypothesis and competition restricted by recruitment limitation and 

active avoidance.    

 

KEY WORDS Bruchidae, coexistence, competitive exclusion, dispersal, environmental 

filtering, mesquite, Prosopis, recruitment limitation, regeneration niche, spatial storage 

effect 
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 Species interactions, stochastic processes like climate variation, and 

environmental filtering from the regional species pool determine local species diversity 

(Ricklefs & Schluter 1993; Rosenzweig 1995), but the degree to which these factors 

influence the abundance and distribution of species in not well understood (Shurin & 

Allen 2001; Agrawal et al. 2007; Emerson & Gillespie 2008). Competitive exclusion is a 

very important force (MacArthur 1972; Tilman 1982; Wilson 2011), but many arthropod 

community studies find evidence of stable coexistence without niche partitioning 

(Traveset 1991; Blossey 1995; King et al. 1996; Marr et al. 2001; Kaplan & Denno 2007; 

Szentesi et al. 2006; Ellwood et al. 2009; Vialatte et al. 2010; Brito et al. 2012; Gerber et 

al. 2012; Zalewski et al. 2014). Chesson (2000) divided these coexistence mechanisms 

into stabilizing and equalizing processes. Stabilizing processes cause competition to be 

greatest among conspecifics and allow populations to rebound from low densities 

because fitness increases as the population decreases. Some well-supported examples of 

stabilizing processes include the regeneration niche (Grubb 1977; reviewed in Wright 

2002; Wilson 2011), shared natural-enemies (Janzen 1970; Connell 1971; Petermann et 

al. 2008; Bagchi et al. 2010; Martin & Canham 2010), life history trade-offs (Wright 

2002; Andersen 2008), competition-colonization trade-offs (MacArthur 1972; Tilman 

1982; Mouquet & Loreau 2003; Calcagno et al. 2006; Cadotte 2007; Livingston et al. 

2012), and the storage effect (Warner & Chesson 1985; Sears & Chesson 2007; Clark 

2010). Stable coexistence only occurs when stabilizing processes are strong enough to 

overcome average fitness differences, which are in turn dependent on the extent to which 

equalizing mechanisms make those average fitnesses similar (Chesson 2000). Equalizing 

processes, such as a spatial mass effect (Shmida & Wilson 1985; Andersen 2008; Logue 
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et al. 2011), intermediate disturbance (Huston 1999; Wright 2002; Shea et al. 2004), 

limited competition (Tepedino & Stanton 1981; Pearson & Knisley 1985; Kelly & Sork 

2002; Wright 2002; Vignoli et al. 2009), and neutral models (Hubbell 2001; Thompson & 

Townsend 2006; Wilson 2011), stall competitive exclusion and thereby favor species 

with similar fitness. Understanding how these mechanisms relate to patterns of variation 

among local communities is necessary to understand what determines metacommunity 

species composition (Rosenzweig 1995; Chase & Leibold 2002; Lewinsohn & Roslin 

2008). In this study, I describe patterns of abundance, diversity, and species composition 

of insect seed predators on mesquite trees (Prosopis spp.).   

 Insects that feed on legume seeds are an ideal community for comparing species 

coexistence mechanisms because they are easy to sample over large spatial scales and 

include multiple species that feed almost exclusively on a single legume species or genus 

(Johnson 1989). Prosopis trees produce seed pods that can harbor as many as seven seed 

predator species on the same tree (Appendix B). Different species of Prosopis share 

many seed predator species, creating a metacommunity. This metacommunity includes at 

least twenty species, nine of which are bruchid beetles (Appendix B). Kistler (1995) 

hypothesized that four species of bruchids on P. velutina display temporal niche 

partitioning because three were most abundant on seed pods of a particular stage: 

immature green seeds, dry mature seeds on trees, or seeds on the ground. Data I collected 

from four Prosopis species over three years does not show this pattern (Appendix D). 

Prosopis species appear to act as environmental filters that limit seed predator diversity 

on a particular tree (Appendix D). My first objective in this study is to more thoroughly 

test whether Prosopis species are environmental filters by comparing seed predator 
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abundance patterns across the range of eight species of Prosopis. I also examine how 

these communities change over space by comparing them at three different scales: within 

trees, adjacent trees, and trees of the same species across large geographical spans.  

 My second objective is to investigate three patterns associated with stabilizing 

and equalizing processes to postulate why multiple species of seed predator co-occur on 

the same tree. These patterns include spatial changes in rank abundance (Amarasekare 

2003), correlations between species abundance and other co-occurring species (Wright 

2002), and correlations between species abundance and abiotic factors (Chesson 1998). 

Previous studies of P. velutina (Swier 1974; Center & Johnson 1974; Kingsolver et al. 

1977; Kistler 1995) and three other Prosopis species (Appendix D) found species ranks 

consistent in space and time; a pattern consistent with "competitive homogeneity" 

(Amarasekare 2003). Here, I test whether seed predator rank abundance changes spatially 

across the range of eight different Prosopis species in North America. As a second 

measure of competitive homogeneity, I looked for correlations between seed predator 

abundance and a number of environmental factors that could relate to species fitness. I 

also looked for a correlation between seed predator rank abundance and fecundity as an 

indication of whether there is a competition-colonization trade-off (Cadotte 2007). 

 Certain mechanisms, such as recruitment limitation, occur only when competition 

is absent (Chesson 1998; Martin & Canham 2010; Palardy & Witman 2013). 

Experimental studies of the mesquite-bruchid system suggest bruchids do compete for 

seeds as larvae and that the outcome of these interactions is context dependent. Hoffmann 

et al. (1993a) placed equal numbers of larvae from different species on a seed and found 

A. prosopis emerged twice as often as A. bottimeri. Using the same methodology, Impson 
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& Hoffmann (1998) found A. prosopis emerged three times as often as N. arizonensis and 

A. bottimeri emerged twice as often as N. arizonensis. These frequencies shifted when 

researchers placed the weaker competitor on the seed several days before the stronger 

competitor (Impson & Hoffmann 1998). Here, I test the degree of species interactions 

among Prosopis seed predators by comparing the abundance of each species when found 

without competitors to their abundance with each competing species in nature. By doing 

so, I am also able to test whether one species facilitates the existence of another. 

Facilitation could occur when species like M. protractus and O. duodecemstriata create 

holes in pods that others, such as Algarobius spp., require for oviposition (Bridwell 1920; 

Janzen 1971; (Johnson & Siemens 1997). Lastly, adults carefully placing eggs away from 

one another could actively limit competition, as has been documented in two 

Callosobruchus species (Coleoptera: Bruchidae) (Avidov et al. 1965; Messina & 

Renwick 1985). In this study, I compared the number of seeds found with multiple eggs 

to the number expected if females lay eggs randomly.    

 

Materials and Methods 

 In order to compare seed predator communities spatially, I collected samples of 

100 dry seed pods from trees at two different spatial scales: within and among sites. I 

collected 151 samples from single trees of eight North American Prosopis species from 

section Algarobía and three from section Strombocarpa across the range of each species 

(Figure 1). I collected samples in July and August, 2008-2012. I stored each sample at a 

mean temperature of 28 °C for 45 days, at which point I collected and identified the 

emerged insects. For four Prosopis species, I collected five samples from different trees 
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at the same location at as many locations as possible to obtain a measure of within site 

variation. 

 To test whether seed predator community composition varies significantly with 

host plant species, I used a Bray-Curtis similarity index based on presence-absence data 

to compare species composition among trees. I sampled five trees at five or six sites per 

species for four mesquite species: P. velutina, P. glandulosa, P. pubescens, and P. 

odorata (Figure 1) to compare among trees of the same species near and far from one 

another. I tested for equal degrees of variation within sites and among sites containing the 

same Prosopis species, as well as for equal amounts of variation among sites containing 

the same and different species using a student-t test. For sample sets that failed a 

Bartlett's test of equal variance, I used the nonparametric Welch's t-test. To test whether 

seed predator community similarity correlates with geographic distance rather than host 

species, I used a Mantel Test between similarity and linear distance between samples. I 

also compared a dendrogram of species similarity based on the community similarity 

indices to ones based on phylogenetic similarity (based on Palacios 2006) and geographic 

overlap using a Path-Length-Difference metric (PLD) (Penny et al. 1993), which 

measures topological similarity. I tested whether the observed PLD was within the 95% 

confidence interval of a set of PLDs calculated from 100 random trees.   

 To test whether adult mass of bruchid beetles relates to seed mass of different 

Prosopis species, I used linear regression. I measured the dry mass of six bruchid species 

at 28 sites from eight different Prosopis species (Figure 1). I picked twenty random 

beetles (ten males and ten females) from each sample for measurement. I measured dry 

mass using a Mettler Toledo XS3DU scale accurate to three decimal places three times 
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and used the mean to reduce human error. I did not use wet mass because it is highly 

variable. I calculated relative seed mass by dividing the mass of 100 seedpods in a sample 

(measured using a Breville BSK200 scale) by the mean number of seeds per pod 

(measured by counting and averaging the number of seeds per pod from 200 pods, twenty 

each from five different localities per species). For two species, P. laevigata and P. alba, 

I used the mean seed number from Solbrig & Cantino (1975). 

 Using the large number of sampled trees from this study, I tested whether the rank 

abundance of each species is consistent across different hosts and different sites by 

comparing the actual rank to the median rank for each species. If the competitive 

environment is homogeneous, I expect the rank abundance of each species to change little 

across trees. I then compared then ranks to the mean fecundity of species for which 

fecundity has been measured (Appendix B) using a linear regression, with the expectation 

that a negative correlation would support a competition-colonization trade-off. 

 I used a forward multiple linear regression to test for correlations between the 

abundance of each seed predator species and multiple abiotic and biotic factors predicted 

to affect abundance: the abundance of co-occurring seed predator species, the relative 

abundance of co-occurring parasitoid species, longitude, latitude, elevation, tree height, 

and relative seed mass. For this analysis, I only compared trees within range of the focal 

seed predator species. 

 I used the 151 samples collected to compare the abundance of seed predator 

species when other species are present or absent and measure the degree to which species 

affect the abundance of one another. I used a two-sample t-test to compare every seed 

predator species that I sampled in at least ten populations both with and without a 
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heterospecific present. I excluded all samples with >5% parasitism rates to avoid top 

down effects.  

 To test whether bruchids lay eggs nonrandomly, I collected a large sample of 

seedpods from a single site with P. velutina near Picacho, Arizona (32.705089° N, 

111.491514° W). I chose this site because it has Mimosestes amicus and Algarobius 

prosopis, but not Mimosestes protractus. M. protractus lays eggs that are 

indistinguishable from M. amicus and so would possibly confound the results if also 

present. A. prosopis eggs are smaller, more difficult to see and fall off the pod easily 

(Bridwell 1920; Kingsolver et al. 1977; Johnson 1983) making it difficult to assess where 

they have oviposited and how many eggs they have laid. Furthermore, unlike other 

species, first instar larvae of A. prosopis are mobile and capable of finding unoccupied 

seeds (Swier 1974), so I expect adults to lay eggs randomly. Nonetheless, it is important 

to test whether M. amicus can avoid both conspecifics and heterospecifics. I first tested 

the assumption that M. amicus does not prefer to lay its eggs on certain pods or certain 

parts of a pod. I counted the number of M. amicus eggs and exit holes per seed and used a 

Chi-square test to compare the observed number of eggs laid on seedpods to the number 

expected if the beetle laid its eggs randomly. I also binned pods into four parts and 

enumerated the number of eggs and exit holes on the top, top-middle, bottom-middle, and 

bottom of the pod and compared results from the four sections using a Chi-square test. 

Finally, I compared the number of eggs laid on seeds with a preexisting occupant to 100 

simulated datasets that randomized where the beetles laid their eggs, sampling with 

replacement. If the observed egg count is lower than the 95% confidence interval, it 
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means the beetles over-disperse eggs and if it is higher, it means they cluster their eggs 

(Cox & Lewis 1966).  

 I performed all analyses using SYSTAT 13.0 software, with the exception of the 

Mantel test, for which I used R 3.0.0 software.  

 

Results 

 Seed predator community similarity was highest among trees of the same species 

found near one another. Samples collected within and among sites, as well as samples 

collected within and among species, had unequal variances (p = 0.753 and p = 0.794 

respectively). Seed predator community samples collected from trees of the same species 

at the same site were more similar to one another than samples collected from a different 

site (Figure 2). Seed predator community samples collected from trees of the same 

species at many different sites were more similar to one another than from trees of 

different species (Figure 3). The Mantel Test showed a strong negative correlation 

between community similarity and distance (slope = -0.273, p <0.001), but the line of 

best fit explained the data poorly (R
2
 = 0.074). Because of the sampling gap between 

northern and southern Mexico, I redid the analysis excluding southern Mexico samples to 

see if they were influencing the results and found no change (slope = -0.243, p <0.001, R
2
 

= 0.059). The dendrogram of community similarity is as similar to the dendrogram of 

geographic overlap as to a random tree (PLD = 16.97, 95% C.I. = 15.1 - 21.1), whereas 

the PLD comparing the dendrogram of community similarity to the phylogenetic tree is 

lower than the 95% C.I (PLD = 14.6) (Figure 4). In other words, species composition is 
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most similar among closely related, but geographically distant host species than among 

distantly-related host species with overlapping ranges.  

 Mean seed mass and body mass of seed predators were positively correlated 

(slope = 0.596, p = 0.016, R
2
 =0.331; Figure 5). 

 I used 202 samples to compare species rank abundances for 13 seed predator 

species. Most ranks (75%) were consistent across trees (Table 1). I noted that 18 

"incorrect" predictions were cases of switched ranks between A. bottimeri and M. amicus. 

Making an exception for these cases, the frequency of correctly predicted ranks goes up 

to 81%. Ranks correlated positively with fecundity (slope = 0.604, p = 0.085, R
2
 =0.565).  

 Overall, I found very little evidence of species interactions affecting species 

abundance. My comparison of species abundance in the presence and absence of co-

occurring species found only one statistically significant relationship: M. amicus is 

consistently more abundant when A. bottimeri is present (Table 2). Only eight of fourteen 

species were sampled enough to analyze and several combinations of those eight species 

were also too rare to analyze.  

 I examined a total of 1812 seeds and counted a total of 108 M. amicus eggs. The 

number of eggs laid per pod was significantly different from random expectations: 

χ
2
(101, n = 1812) = 662.49, p < 0.001. Because these beetles cluster their eggs on certain 

pods, I decided to examine only the thirty pods with the highest number of eggs and exit 

holes to test whether M. amicus lays eggs randomly on pods. I did not, however, find that 

there was any preference for laying eggs on a particular part of the seed pod: χ
 2

(3, n = 

1812) = 0.225, p = 0.973. The number of observed M. amicus eggs on seeds with another 

M. amicus egg or an insect exit hole (20) was lower than the entire range of expected 
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results for the same number of eggs and seeds in 100 simulated datasets (41-64). 

Therefore, M. amicus overdisperses its eggs on seed pods at the site I surveyed. At most 

5.8% of M. amicus individuals are competing with one another for seeds at this site. 

 Multiple linear regressions failed to explain variation in the abundance of most 

seed predator species (Table 4). Slopes were typically close to zero and R
2
 values were 

generally very low. The only exception was the abundance of A. johnsoni, which 

correlates negatively with M. amicus and correlates positively with several parasitoids: 

two bruchid larval parasitoids and one parasitoid of Bruchophagus chalcidoid seed-eating 

wasps. Elevation, tree height, and sample mass did not correlate with the abundance of 

any seed predator species. 

 

Discussion 

 Seed predator communities on Prosopis vary spatially based on both distance 

between trees and phylogenetic distance between species. A weak, but significant 

relationship exists between geographical distance and community similarity, probably 

because species vary spatially, but two host species that are sympatric do not necessarily 

have similar seed predator communities. There is a precedent for finding phylogenetic 

conservatism of host use rather than geographic conservatism (Agrawal et al. 2007). 

Therefore, tree species are important environmental filters, but what characteristic of the 

plants or their habitat determines the presence or absence of seed predator species?  

 Hoffmann et al. (1993a, b) found no difference in Algarobius larval mortality 

caused by parasitism, desiccation, or hosts defenses on different Prosopis species, but 

adult mass of seed predators varied with host plant. Here, I found that individual seed 
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predator abundance was unrelated to latitude, longitude, elevation, tree height, or relative 

seed mass, but adult mass of seed predators correlates with seed size. Seed predators of 

Vicia (Szentesi & Jermy 1995) and Acacia (Siemens et al. 1991) show the same pattern. 

Some species, like A. prosopis have a very plastic adult size, dependent on their host. 

Seed size affects seed predator development time (Siemens et al. 1991), which could 

cause competitive interactions to change spatially (Hoffmann et al. 1993a, b). I did not 

find evidence of competition or a heterogeneous competitive environment, though seed 

size may relate to competitive exclusion events of the past (Connell 1980). A second 

possibility is that adult size relates to fecundity and/or dispersal ability, as has been 

shown in many insects (Wickman & Karlsson 1989; Moya-Laraño et al. 2007). Although 

female body mass correlates with fecundity in some bruchids (Howe & Currie 1964; 

Messina 1991), fecundity does not vary with adult mass for Algarobius species 

(Hoffmann et al. 1993a). A third possibility is that seed pods differ in their defenses. The 

pods of leguminous plants have hairs and gums that prevent oviposition, secondary 

chemicals, and/or hard seed coats that reduce the number of insect species that can 

develop on their fruit (Janzen 1969; Birch et al. 1989; Siemens et al. 1991; Hoffmann et 

al. 1993a; Szentesi & Jermy 1995). Hosts with wider arrays of defenses tend to have 

fewer insect pests (Lavandero et al. 2008). Prosopis has secondary chemicals that prevent 

certain bruchid species from eating them (Cates & Rhoades 1977; Kingsolver et al. 1977; 

Birch et al. 1989; Oliveira et al. 2002), so different Prosopis species may have different 

chemicals which prevent certain seed predators from developing in their seeds.  

 There is a high degree of niche overlap among insects that feed internally on 

Prosopis seeds (Kistler 1995; Appendix D). Two species, Ofatulena duodecemstriata and 
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Mimosestes protractus, have a higher relative abundance on immature green pods, but all 

seed predators utilize dry seed pods on the tree, regardless of host plant species 

(Appendix D). If there is no niche partitioning in this system, what mechanisms would 

allow these species to stably coexist?  Most stabilizing mechanisms require a 

heterogeneous competitive environment (Wilson 2011), but I found that species ranks 

vary little in space or time. The problem with this pattern is that there is no gauge of how 

consistent ranks must be for the competitive environment to be considered 

"homogeneous". In order to show that the community exists in a homogeneous 

competitive environment, surveys would need to detect both the scale at which seed 

predator communities change and the actual dispersal range typical of each species over 

its lifespan. Trees of the same species at the same site that were 10-100 m apart had a 

community similarity of 0.74. This suggests that dispersal is limited even at this small 

scale. Some bruchids can find seed patches 50-100 m away (Janzen 1969; Wright 1983), 

but the average distance that seed predators travel during their lifetime in search of mates 

and oviposition sites is unknown. Since adult bruchids probably do not feed (Kingsolver 

2004), they may not have enough energy to disperse very far. The vast majority probably 

reproduces on the tree they emerged from or an adjacent tree.  

 In order for the outcomes of competitive interactions to vary spatially or 

temporally, species must first influence the fitness of one another. Janzen (1971) believed 

that as long as two species used the same resource, they must compete. It is impossible to 

show that seed predators within this system do not affect one another's fitness or 

population growth, but I was unable to find convincing evidence that species interactions 

currently determine the community composition or abundance of individual insect 
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species feeding internally on Prosopis seeds. I found only one significant difference out 

of forty comparisons between the abundance of a species in the presence/absence of 

another species. Considering the number of comparisons, I attribute this significant p-

value to chance. I have no hypothesis for why M. amicus would be more abundant in the 

presence of A. bottimeri and would have predicted the opposite relationship since M. 

amicus larvae create holes that might facilitate oviposition by A. bottimeri, which 

requires crevices to lay their non-sticky eggs (Janzen 1971). Similarly, out of all of the 

regression models I built, I found only one significant interaction between seed predators: 

a negative correlation between A. johnsoni and M. amicus. I collected A. johnsoni from 

only nine sites, so more sampling is necessary to solidify that this is also not a spurious 

result. Based on these results, I find it difficult to believe that competition, facilitation, or 

apparent competition currently determines the species composition of these communities. 

Other field studies of seed predator communities on both Acacia (Traveset 1991) and 

Vicia (Szentesi et al. 2006) also found no evidence of competitive interactions. 

 Several caveats exist. First, the abundance data I collected may include a lot of 

noise because seed predator populations in this and other systems fluctuate over time 

(Appendix C; Szentesi et al. 2006). Second, seed availability also fluctuates temporally 

and interactions might only be measurable when resources are scarce (Tepedino & 

Stanton 1981; Gibson & Visser 1982; Pearson & Knisley 1985; Agrawal 2001). A 

number of studies found that bruchids compete for seeds when they are limited (Hinckley 

1960; Parnell 1966; Swier 1974; Hoffmann et al. 1993a, b; Impson & Hoffmann 1998), 

so the question is "how often in nature are seeds a limited resource?" Third, competition 

is often difficult to detect because of the need for very large sample sizes (Hastings 



 

 

351 

1987). Fourth, species may have competed previously and we now only see the 

evolutionary consequence of shared preference niche organization along an 

environmental gradient I did not measure, such as temperature (Kistler 1995).  

 Three stabilizing mechanisms are unlikely be important in this system: life history 

trade-offs, apparent competition, and a storage affect. Not only do they require a 

heterogeneous competitive environment and strong competitive interactions (Wright 

2002; Andersen 2008), but I also found additional patterns inconsistent with their 

predictions. The only described fitness difference among Prosopis seed predator species 

is a difference in thermal tolerance among three bruchid species that affects fecundity, 

metabolic rate, and larval survivorship (Kistler 1995). How temperature changes 

seasonally or within a single tree has not been studied, but if temperature determined 

species abundance, I would have expected species ranks to change more than what I 

found in my data. None of the aboitic or biotic variables I examined relate to niche 

differences, so either I did not examine an important variable or niche differences are 

weak in this system, though they might also be difficult to measure in an observational 

study. Though seed predator larvae sometimes experience high mortality from parasitoids 

(Traveset 1991; Cornell & Hawkins 1995; Appendix D), I found no evidence of 

parasitoid abundance relating to seed predator abundance. A storage affect requires that 

species performance varies in space or time, dependent on the environment so that 

inferior competitors find refuge in habitat patches unsuitable to their competitors 

(Chesson 1998). I was unable to find patches devoid of the most abundant seed predator 

species and so unable to provide evidence for a storage effect. 
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 Competition-colonization trade-offs can exist in homogeneous competitive 

environments, but they require competition (Amarasekare 2003). I did not examine the 

dispersal ability of different seed predator species, but I was able to test whether 

fecundity correlates with rank abundance. I found a positive, rather than negative 

correlation. Thus, my data is also inconsistent with a competition-colonization trade-off. 

 One stabilizing mechanism, the regeneration niche, is consistent with all of my 

findings. It posits that stable coexistence occurs when resources are patchy and rare 

species can escape extinction by occasionally finding patches devoid of competitors 

(Grubb 1977). Either the rare species is the better disperser (a competition-colonization 

trade-off exists) or frequent environmental variation creates competition-free refuges for 

inferior competitors at a high enough frequency to prevent the extinction of the rare 

species (Grubb 1977; Wilson 2011). The regeneration niche hypothesis does not require 

competition or a homogeneous competitive environment, just high stochasticity in 

community composition (Amarasekare 2003). Environmental disturbance generally 

drives this stochasticity (Wright 2002), but frequent population crashes could also 

provide patches of varied species combinations.  

 I found high temporal variation in seed predation rates (Appendix D), as did 

Traveset (1991) for Acacia, Kolb et al. (2007) for Primula, and Raghu et al. (2005) for 

Leucaena. For Prosopis seed predators, there are least three major causes of stochastic 

mortality: natural enemies, floods while overwintering, and unbearable temperatures 

while overwintering. I found that parasitism rates do sometimes reach 100%, but the 

means are low: 5.0% for moths, 17.8% for bruchid eggs, and 2.3% for bruchid larvae. In 

their broad review of seed predator natural enemies, Hawkins et al. (1997) found egg 
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mortality from parasitoids is <1%, larval mortality from parasitoids is near 25%, and 

predation and pathogens combined were responsible for <1% mortality. Monsoon floods 

are an important means of seed dispersal for Prosopis (Horton, 1977; Mares et al., 1977; 

Mooney et al., 1977), and therefore, it is possible that many overwintering seed predators 

drown. Even if they have a means of withstanding floods, both high and low temperatures 

certainly kill some (Parnell 1966; Kistler 1995). Parnell (1966) found seed predator 

overwintering mortality ranged from 91-97%. I found that the abundance of seed 

predators in pods on the ground went down by 32% just a month after the last fruiting 

episode of the year (Appendix D). The combination of these forces causes considerable 

variability in local seed predator abundance, providing a means by which niche 

regeneration could arise.    

 The regeneration niche is a weak stabilizing mechanism, meaning that it does not 

cause a great deal of niche differentiation and therefore requires strong equalizing 

processes in order to permit stable coexistence (Chesson 2000). Two equalizing processes 

are likely to occur in this system, both of which limit competition among species: 

recruitment limitation and active avoidance. Recruitment limitation is typically described 

in marine and plant communities where low production or settlement of larvae, juveniles, 

or seeds causes a surplus of resources, limiting species interactions (Chesson 1998; 

Martin & Canham 2010; Palardy & Witman 2013). Prosopis trees fruit synchronously, 

limiting the time that dry seeds are available to 50-80 days (Appendix C), whereas 

Prosopis bruchids take 26-34 days to develop at 30°C (Hoffmann et al. 1993a; Coetzer & 

Hoffmann 1997). Therefore, the average beetle population would be able to go through 

two or three generations per fruiting episode if the females find mates and lay eggs 



 

 

354 

quickly, which is hardly enough time for the insects to overwhelm the plants or reach a 

population density where competition is frequent, especially if overwintering mortality is 

high (Parnell 1966). Thus, populations are recruitment limited because larval production 

is too slow to destroy all seeds available at any given time. This helps to explain why the 

total seed predation rate on Prosopis trees is rarely higher than 45% (Glendening & 

Paulsen 1955; Swier 1974; Solbrig & Cantino 1975; Kingsolver et al. 1977; Kistler 

1995). In my survey of 219 trees, predation rates averaged 34% and ranged from <1-

87%. Density-dependent parasitism (Lessells 1985) or density-dependent dispersal 

(Amarasekare 2004) may limit competition even further.  

 Even though recruitment limitation in this system would restrict competition, it 

would not eliminate it. Yet I found no evidence of density-dependent abundance among 

different species. This could be explained by competition among larvae for food (Swier 

1974; Impson & Hoffmann 1998) being avoided by competition among adults for 

oviposition sites. I found that M. amicus females laying eggs less frequently on currently 

or previously occupied seeds. This is the case for several other bruchid species (Avidov 

et al. 1965; Messina & Renwick 1985). A. prosopis larvae also have the ability to move 

between seeds before starting to feed (Swier 1974). Combining regeneration niche as a 

weak stabilizing mechanism with recruitment limitation due to low temporal resource 

availability and active avoidance as two strong equalizing mechanisms provides an 

explanation for how many seed predator species can have high niche use overlap that is 

consistent with patterns of species abundance I found in my study of Prosopis arthropod 

communities.  
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Figure Captions 

 

Figure 1. Map of collecting localities for insect samples. I indicate subsampled locations 

for the analysis comparing community similarity within and among sites with capital 

letters for each Prosopis species: G = P. glandulosa, O = P. odorata, P = P. pubescens, 

and V = P. velutina. I indicate locations where I measured bruchid body mass with 

lowercase letters each Prosopis species: al = P. alba, ar = P. articulata, g = P. 

glandulosa, o = P. odorata, o = P. pubescens, r = P. reptans, t = P. tamaulipana, and v = 

P. velutina. Note that I did not differentiate P. yaquiana on this map (all P. odorata 

collected in Mexico), nor is it differentiated for all analysis except the community 

similarity analysis. 

 

Figure 2. Box plot comparing the Bray-Curtis similarity of seed predator communities on 

trees of the same species at the same site to trees of the same species at different sites. 

Communities on trees at the same site are significantly more similar to one another: 

t(200) = -4.960, p < 0.001. 

 

Figure 3. Box plot comparing the Bray-Curtis similarity of seed predator communities on 

trees of the same species at different sites to trees of different species at different sites. 

Communities on trees of the same species significantly more similar to one another: 

t(298) = 10.966, p < 0.001. 
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Figure 4. Seed predator community similarity displayed in dendrogram form (a). 

Communities from closely-related Prosopis species are often similar. I based the 

phylogenetic similarity (b) on known taxonomy (see Appendix A). Dotted lines represent 

weakly supported relationships and I listed species names as the first four letters of the 

species epithet. I included P. yaquiana, which is likely just a population of P. odorata 

(See Appendix A), because the relationship of its insect community to other Prosopis 

creates a different hypothesis when compared to related species or sympatric species. 

Communities that overlap geographically (c) do not have similar seed predator 

communities. I chose to place P. tamaulipana with P. glandulosa and P. reptans instead 

of with other Mexican species because they are sympatric.  

 

Figure 5. Mean seed mass and body mass of seed predators were positively correlated 

(slope = 0.596, p = 0.016, R
2
 =0.331). 
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Figure 1. 
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Figure 2. 
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Figure 3. 
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Figure 4. 
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Figure 5. 
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Table 1. Observed rank abundance of seed predators is consistent across samples (% 

of observed ranks that equal expected ranks are high). Median ranks do not correlate 

negatively with fecundity. 

species n 
% expected 

rank 
median 
rank 

fecundity 
rank 

Algarobius prosopis 183 83% 1 2 

Algarobius bottimeri 45 56% 2 ? 

Algarobius johnsoni 8 88% 3 ? 

Algarobius nicoya 8 75% 4.5 ? 

Neltumius gibbithorax 21 90% 4.5 ? 

Mimosestes amicus 162 64% 6 1 

Ofatulena duodecemstriata 92 83% 7.5 ? 

Mimosestes protractus 48 77% 7.5 ? 

Neltumius arizonensis 10 100% 10 3 

Rudenia leguminana 14 71% 10 ? 

Apion sordidum 5 100% 10 12 

Tricorynus spp. 20 55% 12 13 

Bruchophagus sp. nov. 10 90% 13 11 

TOTAL 202 75%     
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Table 2. p-values of t-test between abundance of species in 1st column with the 

abundance of species in the subsequent columns. Only one relationship (in bold) is 

significant (p < 0.05), though six are marginally significant (0.05 < p < 0.10). This one 

significant relationship is positive, indicating facilitation rather than competition. I 

marked combinations that lacked enough samples for analysis with "NA".  

  TRI ABO APR MAM MPR NAZ NGB OFA 

Tricorynus (TRI) - 0.169 0.150 0.169 0.179 NA NA 0.286 

A. bottimeri (ABO) 0.201 - 0.054 0.396 0.367 0.102 NA 0.220 

A. prosopis (APR) 0.120 0.339 - 0.231 0.285 0.488 0.125 0.095 

M. amicus (MAM) 0.399 0.003 0.080 - 0.123 0.429 NA 0.068 

M. protractus (MPR) 0.219 0.184 0.180 0.193 - - - 0.188 

N. arizonensis (NAZ) NA 0.380 NA 0.284 NA - - 0.346 

N. gibbithorax (NGB) NA NA NA NA NA NA - 0.338 

Ofatulena (OFA) 0.256 0.083 0.162 0.205 0.348 0.289 0.072 - 
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Table 3. Results for multiple linear regression analyses of the relative abundance of each 

seed predator species sampled with the relative abundance of co-occurring seed predator 

and parasitoid species, relative seed mass, elevation, tree height, latitude, and longitude. 

Slopes and R
2
 values were generally low, suggesting an inability of these modals in being 

able to predict relative seed predator abundance. I labeled parasitoid guilds are in 

parentheses as bruchid egg parasitoids (E), larval bruchid parasitoids (L), larval moth 

parasitoids (M), and larval Bruchophagus wasp parasitoids (B).    

seed predator (abundance) explanatory variable slope p-value R² 

Tricorynus spp. latitude -0.006 0.031 0.047 

  Rudenia leguminana 0.009 0.022   

Algarobius bottimeri latitude 0.056 < 0.001 0.339 

  longitude -0.087 < 0.001   

Algarobius nicoya Bruchophagus sp. -0.793 0.054 0.314 

 Urosigalphus neobruchi (E) 0.047 0.018  

  Paracrias arizononesis (L) 0.108 0.001   

Algarobius prosopis Algarobius bottimeri -0.001 < 0.001 0.336 

 Mimosestes amicus -0.001 < 0.001  

 Cephalonomia hyalinipennis (L) 0.592 0.003  

 Habrobracon hebetor (M) 0.046 < 0.001  

 latitude 0.046 < 0.001  

Algarobius johnsoni Algarobius bottimeri 0.004 0.033 0.98 

 Mimosestes amicus -0.172 0.014  

 Cephalonomia hyalinipennis (L) 1.242 < 0.001  

 Habrobracon hebetor (M) 0.046 < 0.001  

 Baryscapus bruchophagi (B) 0.614 < 0.001  

  Eupelmus cushmani (L) 0.632 < 0.001   

Mimosestes amicus Algarobius prosopis 0 < 0.001 0.097 

 Bruchophagus sp. 0.047 0.01  

  Baryscapus bruchophagi (B) 0.016 0.011   

Mimosestes nubigens -       

Mimosestes protractus Urosigalphus neobruchi (E) 0.004 0.001 0.038 

Neltumius arizonensis Glyptocolastes texanus (L) -0.003 0.037 0.064 

  Horismenus lixivorus (E) 0.004 0.001   

Neltumius gibbithorax longitude -0.007 0.001 0.074 

Ofatulena duodecemstriata Algarobius prosopis 0 0.003 0.046 

  latitude 0.006 0.005   

Rudenia leguminana -       

Cydia membrosa latitude -0.005 0.004 0.066 

Bruchophagus sp. Goniozus sp. (M) -0.013 0.003 0.576 

  Baryscapus bruchophagi (B) 0.007 < 0.001   
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APPENDIX F - DISAPEARANCE OF A DOMINANT BOSQUE SPECIES: 

SCREWBEAN MESQUITE (PROSOPIS PUBESCENS) 
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