
Shmerling 1 

 

 

 

 
- i - 

 

WHEATON COLLEGE 

Norton, Massachusetts 

 

This is to certify that Adi Shmerling has fulfilled  

the requirements for graduation with departmental 

honors in biology. 

The degree of Bachelor of Arts was awarded 

on May 16, 2022 

 

 

                                                             Registrar 

 

                                       Credit: 2 

                                       Director: Jessie Knowlton  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Shmerling 2 

 

Local and Landscape Level Effects on the Abundance, Morphometrics, and Diet 

Diversity of Invasive mantids Tenedora Sinensis and Mantis religiosa 

  

  

  

Adi Shmerling 

  

  

  

A Study Presented to the Faculty of Wheaton College in Partial Fulfillment of the 

Requirements for Graduation  

  

  

  

Advisor: Dr. Jessie Knowlton 

  

  

Co-authors: Dr. Erin Wilson-Rankin and Dr. Geoff Collins 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Shmerling 3 

 

Acknowledgements 

 This project, along with much of my college education, wouldn’t have been 

possible without the encouragement, patience, and kindness of my advisor Dr. Jessie 

Knowlton. Throughout my undergraduate experience her support and friendship have 

helped me to become a better scientist, team member, and yes, a better birder, and I’m 

honored to have worked on this thesis with her guidance.  

 Thank you to Dr. Geoff Collins for helping to design the remote sensing 

methodology for this project, and for all the time spent helping me to get TerrSet running 

properly when I was completely and utterly lost. Pairing remote sensing with ecological 

data has become a large part of my academic focus, and this wouldn’t have been possible 

without his guidance. 

Another big thank you to Dr. Erin Wilson-Rankin for helping design this project 

and for coding the vast majority of our R programs. Additional thanks to her and to 

Jolene Saldivar for spending substantial time and effort Metabarcoding our gut samples. 

This data sets our project apart, and we owe it entirely to their work.  

Finally, I’d like to thank my fellow labrats Erin Ortega, Julianna Bauer, Samantha 

Teixeira, Eleanor Ruhlin, and Kayla Lewis – somehow, you made spending hours 

running from bees and dissecting mantises fun, and this project wouldn’t have been 

possible without you. I’m proud to be able to call all of you my friends.  

  

 

 

 



Shmerling 4 

 

 

Abstract 

Arthropod Generalist Predators (AGP) play a substantial role in the ecosystem, feeding 

on a variety of prey items across trophic levels with little to no selective bias. As a result, 

AGP can be especially problematic if introduced to new environments, disrupting food 

webs and causing reductions in native populations, which can lead to top-down 

ecological cascades. In this study, we researched two AGP which are invasive to the 

Northeastern United States, the European mantis (M. religiosa) and the Chinese mantis 

(T. sinensis), both of which inhabit early-succession meadows and fields. These 

environments are noteworthy in that they are fragmentary by nature, and as such, 

inhabitant species diversity is heavily constrained by patch size, connectivity, and plant 

diversity. In order to assess how these constraints influenced the abundance, growth, and 

diet of M. religiosa and T. sinensis, we combined remote sensing, plant diversity surveys, 

and in- and ex- situ abundance, morphometric, and DNA metabarcoded gut content data 

to find correlations between these landscape, terrain and individual level variables.  
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Introduction 

 

The praying mantids, order Mantodea, are a group of insects within the superorder 

Dictyoptera, which includes both cockroaches (order Blattodea) and termites (infraorder 

Isoptera). Mantises are unique among the Dictyopterans in their extensive adaptations as 

predators, including but not limited to: large, well developed eyes, a forward-facing 

mouth (prognathy), and barbed raptorial forelimbs to ensnare prey items (Brannoch et al., 

2017; Prete et al., 1999). Mantises are generalist predators and are typically ambush 

hunters, utilizing cryptic coloration and behavior to remain undetected, though there are 

notable exceptions (Watanabe et al, 2013; Prete et al., 1999). In the northeastern United 

States there are three species of invasive praying mantis, Tenedora sinensis, T. 

angustipennis, and Mantis religiosa, the first two being endemic to Asia and the last to 

Afro-Eurasia (Snyder and Evans, 2006; Rathet and Hurd, 1983).  

 Invasive organisms pose a distinct risk to native food webs. Because native 

organisms have not coexisted or coevolved with invading populations, they typically lack 

behavioral and/or morphological adaptations that minimize the likelihood of interspecific 

competition, predation, and displacement (Carthey and Banks, 2014; Hierro and 

Calloway, 2003). This naivete of native organisms is likely the case with regards to T. 

sinensis and M. religiosa, as there have not been mantises native to the northeast until 

recent times, first being documented in the 20th century (Morse, 1919). These risks to 

native populations and food webs are well documented, with introduced populations 

correlating strongly with reductions in species richness, species displacement, and 

extinction events, with losses in richness primarily attributed to invasive predators 

(Mollot et al., 2017; Donlan and Wilcox, 2008; Reitz and Trumble, 2002). Generalist 
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predators may pose a greater risk to ecosystems due to their indiscriminate hunting 

behavior, and among arthropods in particular, invasive generalist predators appear to be 

major drivers of interspecific conflict/displacement, intraguild predation, and biomass 

loss (Snyder and Evans, 2006). Two of the previously listed invasive mantids, T. sinensis 

and M. religiosa, are known to cause these effects, and T. sinensis specifically has 

demonstrated the ability to cause top-down trophic cascades in old-field communities, 

their primary habitat in the United States (Snyder and Evans, 2006; Moran et al., 1996).  

  Generalist predators, by definition, eat a wide assortment of prey items across 

trophic levels and size classes. Thus, it is possible that generalist predators living in 

habitats with a high diversity of prey will have a diverse diet to match, and a much less 

diverse diet in areas with low prey diversity. Furthermore, if larger landscapes afford 

prey ample opportunities for immigration and emigration from the habitat, we may 

expect to see a similar effect of high prey diversity in generalist predator diets due to the 

constant cycling and reinforcement of prey populations, an effect that has been 

documented in marine freshwater environments (Sih and Wooster, 1994; Cooper et al., 

1990). Furthermore, habitat level variables such as plant diversity and plant height have 

also been shown to have positive effects on species diversity and should thus be 

considered (Siemann et al., 1999). If these landscape and local variables do influence 

generalist predator diet diversity, it stands to reason that the risks posed to each 

individual prey species will in turn be affected by these same factors, with high diversity 

diets posing a lower individual species risk, and more homogenous diets posing a greater 

risk. In small, patchy habitats subject to edge effects – such as the old fields that invasive 

mantises occupy - regional habitat availability/diversity and patch connectivity are all 
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known to have effects on arthropod species diversity (Hendrickx et al., 2007; Bowman et 

al., 2002; Andrén, 1994), and could therefore influence generalist predator diet diversity, 

and thus, the risks posed to local prey species. 

Our research addresses these possibilities by coupling remote sensing and various 

forms of census and dissection data to identify possible correlative factors between 

landscape and habitat level variables and praying mantis diet, abundance, and 

development. We test the following hypotheses: 1) For both T. sinensis and M. religiosa, 

body size, abundance, and diet diversity (both total and in terms of growth rate) will be 

greater in old fields with higher plant species diversity and average plant height and in 

larger old fields that are closer to other suitable habitat, and 2) gut contents for both 

species will show greater prey diversity in accordance with these same local and 

landscape level variables. In summary, likely predatory impact on any one prey species 

will change as a result of old field size, connectivity, plant diversity and average plant 

height due to a marked change in prey species richness and population persistence 

(Walde, 1994; Sih and Wooster, 1994).  

Building an understanding of the interactions that result from introducing invasive 

organisms to native food webs, as well as how these interactions are shaped by habitat 

and landscape level variables, is crucial to determining how invaded ecosystems operate 

over both long and short periods of time. By assessing these interactions and linking them 

to these multi-scale variables, we may find factors which could be used to help minimize 

the impact of invasive arthropods in native habitats. If such a “passive” form of 

population control is possible, one that bolsters native resilience and weakens invasive 
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impact, it could be a beneficial addition to our arsenal of invasive population controls, the 

implications of which are global. 
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Methods 

Study Sites 

 We chose five sampling locations within an 8 km radius of Wheaton College, in 

Norton, MA: Erwin-Wilder WMA (41.97o N, -71.11o W), Everett Leonard Park (41.93o N, 

-71.19o W), Great Woods Conservation Area (41.98o N, -71.23o W), Rose Farm (41.95o N, 

-71.23o W) and Wheaton Farm (42 o N, -71.12o W; hereafter: EW, EL, GW, RF, and WF, 

Fig. 1). Each site contained one or more accessible old field habitats: WF had two, RF 

three, and EW, nine; though only six of EW’s fields (fields 0, 1, 2, 3, 5, and 9) yielded 

mantis specimens. GW and EL were comprised of only one field. All sampling locations 

were patches of old field habitats bordered by mixed coniferous/deciduous forests, some 

of which were palustrine, low density suburban roads, and in the case of EW, the Blue 

Star Memorial Highway. Furthermore, in sites that held multiple fields, these fields were 

at least 25 m apart and mostly separated by forest, but connected by small, wooded paths. 
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Figure 1: Map of field sites, centered on the town of Norton / Wheaton College. (Image 

credit: Google Maps) 

Mantis Capture 

 To census and capture mantises two surveyors slowly walked one 2×100 meter 

transect for one hour in each field.  Before beginning the transect, the time, temperature 

and cloud cover were noted. When a mantis of either species was seen, it was caught by 

hand, placed in a small plastic bag, and given a unique ID number. The date, time, 

capturer initials, plant species and height where the mantis was found were also recorded. 

Upon returning to the lab, all captured mantises were deposited in a -13C freezer. Periods 

of sampling occurred in two distinct phases, the first occurring from July through August, 
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and the second throughout September until the beginning of October. From early July to 

the end of August 2021, sampling was conducted from between 10:00 am to 2:00 pm four 

times a week. Sampling was conducted in part based on observed mantid density in order 

to ensure our sample size was large enough for further analysis. As such, fields which 

yielded more mantids were sampled more frequently, with EW and WF sampled weekly 

in July while EL, RF and GW were sampled once in the same month (Fig. 2 for overview 

of sampling dates). Beginning in September, sampling occurred weekly between 2:00-

5:00 pm. Sampling ended on October 1st as mantis populations decline after mating and 

laying ootheca before the onset of cooler autumn temperatures (Prete et al., 1999). 

 

Figure 2: Sample fields and their respective sampling dates, color coded to correspond to 

each month of sampling.  

Mantid Dissection 

 After mantises were frozen, we took morphometric data on each individual and 

then dissected out the gut contents. Calipers were used to measure the lengths of the 

coxa, femur, and tibia of each individual’s forelimbs, as well as the total length of the 

individual and the length of the abdomen and thorax (Fig. 3). Sex was recorded by 

counting the segments of the abdomen, and species was determined via the presence of 

characteristic markings. T. sinensis have a yellow spot between their forelimbs, and M. 

religiosa have “bullseye” markings on the inner surface of their coxa which can either be 

black and white, or completely black (Fig. 4A and B). Guts were identified as a tubular 

mass that was typically darker than the surrounding hemolymph. The guts were placed in 
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a 1uL vial labelled with the mantids capture ID and date of capture and placed back in the 

-13C freezer. These vials were then sent on dry ice to the lab of Dr. Erin Rankin at the 

University of California, Riverside for diet content analysis via DNA metabarcoding. 

 

Figure 3: General anatomy of a mantid. Note that in our measurements, the trochanter 

was measured as part of the femur. (image credit: Brannoch et al., 2017) 
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Figure 4: Image shows a captured T. sinensis with a diagnostic yellow marking between 

the coxa. Image b shows a posing M. religiosa specimen with a diagnostic “bullseye” 

marking on the inside of the coxa. In this specimen the bullseye is completely black, but 

there is often a white mark in the center. 

 

Local Site Variables 

 In fields where Mantids were collected we conducted plant diversity/density 

surveys, consisting of 100 m transects broken into 10 m increments, including the starting 

point at 0 m. At each of the 11 stops, a 1x1 m2 plot was drawn. In each plot, we identified 

all plant species, abundance per species, as well as maximum and average heights per 

plot. Depending on the density of plant cover, we either counted individual stems or 

estimated the percentage of coverage. These data were then used to estimate the overall 
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plant diversity of a field, measured in terms of the number of species identified 

(richness), and in terms of the average number of species per 1-m plot to examine the 

ecosystem on a smaller scale.   

 

Landscape Level Variables 

 In order to assess patch size, connectivity, and habitat availability of our survey 

fields, the TerrSet (Clark Labs, 2020) suite of software tools was used in conjunction 

with aerial photography and land use coverage data sourced from the USGS. A land-

cover image which covered the entirety of Norton and the surrounding towns was used. 

For each survey field, the image was cropped to a radius of one kilometer from the 

approximate center of the field (or field cluster when multiple fields were sampled in one 

survey area). The image was then reclassed, changing each landscape cover type into a 

series of habitability classifiers designated by the values 0, 0.25, 0.5, and 1, ranked in 

order of desirability (Fig. 5). For each set of images, we used TerrSet’s built-in habitat 

assessment function to produce a map of primary and secondary habitat and corridors. 

The land-cover image was used as a base, and the reclassified image was used as a 

habitat suitability map, both of which were accompanied by manual habitability metrics 

(Fig. 6). For each field, we produced two habitat assessments, one assuming that mantises 

readily traversed 37.2 meters through undesirable terrain, the other assuming a traversal 

range of 110.6 meters (Fig. 7). These numbers were taken from Christensen and Brown’s 

(2018) assessment of mantid movement patterns, with 37.2 meters being the average 

distance covered by males, and 110.6 meters being the maximum recorded distance 

covered, also by males. We used male specific measurements because male mantises are 
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typically more mobile than their female counterparts (Christensen and Brown, 2018). The 

number of hectares of primary and secondary habitat and corridor were calculated within 

TerrSet, and these values were used to calculate averages of hectarage. We then used 

these averages to produce average ratios of primary/secondary habitat hectarage to all 

image components, our proxy for habitat availability, and the ratios of corridor hectarage 

to all image components (Corridor Area Percentage) (see Figs. 5 – 7), our proxy for field 

connectivity (Keeley et al., 2021).  

Figure 5: A reclassed land-cover image of Erwin Wilder. Pixel color indicates it’s 
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habitability - maroon indicates a value of 1, yellow a value of .5, green a value of .25, 

and, if left empty, a value of 0. 
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Figure 6: TerrSet Habitat and Biodiversity Modeler, set up to generate a “best case” map 

of Erwin Wilder, assuming a mobility of 37.2 meters through suboptimal terrain. 

 



Shmerling 19 

 

 

Figure 7: a) “Best case” map of Erwin Wilder, assuming 37.2 meters of mobility. b) 

“Worst case” map of the same site, assuming 110.6 meters of mobility. 
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Statistical Analyses 

 Analyses were conducted in R v. 4.1.3 (R Core Team, 2022) and JMP pro (JMP 

Statistical Discovery LLC, 2022). To compare diet composition among samples, we first 

generated rarefaction curves using the function ‘rarecurve’ in package vegan (Oksanen et 

al., 2015). Rarefying to 618 reads per mantid sample allowed us to retain all 75 samples. 

We then used the function ‘vegdist’ in the package vegan to calculate a Bray-Curtis 

distance matrix (Oksanen et al., 2015). We used the ‘betadisper’ function in package 

vegan (Oksanen et al., 2015) to assess multivariate homogeneity of dispersion. To 

visualize differences in the beta diversity of mantid gut samples, we performed non-

metric multidimensional scaling (NMDS) using the function ‘metaMDS’. We conducted 

perMANOVA analyses on diet data using the ‘adonis’ function (Oksanen et al., 2015) to 

assess differences in diet composition between mantid species and among all five of our 

survey fields. Multivariant analyses and one-way ANOVA were conducted using JMP to 

identify relationships and measure likelihood of similarities between species level and 

landscape/local level variables.  
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Results 

Abundance Survey 

In total, 356 mantises were collected, measured, and dissected over the three-

month sampling period. Of these, 301 were deemed suitable for further study due to 

absences of crucial data in 55 specimens. 90 of the captured mantids belonged to M. 

religiosa, with the other 206 belonging to T. sinensis. In M. religiosa, 60 specimens were 

female and 30 were male, while in T. sinensis, 88 were female and 118 were male (Fig. 

8). Among our five survey locations, Erwin Wilder and Wheaton Farm had the highest 

total abundance of sampled mantids at 127 and 143 respectively. Everett Leonard yielded 

14 specimens, Great Woods 15, and Rose Farm 2. Erwin Wilder showed a slight bias 

towards M. religiosa which accounted for 57.5% of its specimens, whereas Wheaton 

Farm showed a significant bias towards T. sinensis, making up 88.8% of its specimens. 

Among Everett Leonard, Great Woods, and Rose Farm, only 3 mantids belonged to M. 

religiosa, making up 10.7% of their combined specimens, none of which were sourced 

from Everett Leonard (see Fig. 9). In total, 46.9% of mantids were collected during 

weeks 4 and 5, with two sampling days in week 4 and one in week 5, the average number 

of sampling days per week being two.  Notably, 19.9% of T. sinensis were caught in 

week 4, with 21.6% of M. religiosa being caught in week 5 (see Fig. 10).  

 



Shmerling 22 

 

 

Figure 8: Abundance vs. species, sorted by sex. Note the differing sex ratios between M. 

religiosa and T. sinensis. 

 

 

Figure 9: Abundance vs. Field shown in both specimen count and percentage of 

specimens. 
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Figure 10: Mantises captured over the 9-week survey period, sorted by species. 

 

Morphometric Survey 

For both species of mantid, total body length increased linearly over the 3 month 

sampling period. In M. religiosa, females tended to be larger on average than males, 

whereas in T. sinensis, males were on average larger than females (Fig. 11). Between the 

two species, the rate at which body length increased differed slightly, with M. religiosa 

lagging behind T. sinensis (Fig. 12). A similar discrepancy can be seen in the growth 

rates of Erwin Wilder and Wheaton Farm, the latter lagging behind the former (Fig. 13), 

though no trend could be accurately determined for Everett Leonard, Great Woods, or 

Rose Farm due to their low sample size. M. religiosa experienced variable growth rates 

between Erwin Wilder and Wheaton Farm, growing at a faster rate at Erwin Wilder than 

at Wheaton Farm. T. sinensis showed no such variation, and maintained a steady growth 

rate across both fields (Fig. 14).  
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Figure 11: variation in average size across sex and species. 

 

Figure 12: Rates of growth between M. religiosa and T. sinensis over the 9-week survey 

period. 
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Figure 13: Rates of all-species mantid growth between Erwin Wilder and Wheaton Farm. 

 

Figure 14: Rates of per-species mantid growth between Erwin Wilder and Wheaton Farm 
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Gut Contents Survey 

Of the 356 mantids sampled, 75 had their gut contents barcoded. The DNA of 

over 270 different prey taxa where detected, primarily consisting of orders Mantodea and 

Hemiptera, and notably containing important pollinator taxa such as Lepidoptera, 

Diptera, and Hymenoptera. Furthermore, order Aranea, which contains many native 

generalists, made up a substantial portion of their diet (Fig. 15). It is important to note 

that, while cannibalism is common and was observed in both species of mantis, the 

frequency of Mantodea DNA within an individual’s diet may come from the specimen 

themself. The alpha diversity (a count of all identified taxa) of all gut contents increased 

from July to August, and then decreased from August to September. T. sinensis had 

higher monthly peaks and showed greater monthly variations in diet diversity than M. 

religiosa (Fig. 16). perMANOVA analysis indicated that the diets of M. religiosa and T. 

sinensis varied significantly, producing a distinct cluster for each species (Fig. 17). 

Among fields, diet diversity remained roughly the same with the exception of Erwin 

Wilder, which contained several clusters of similarity within itself.  
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Figure 15: Frequency of taxa genetically identified in mantid gut contents.  

 

Figure 16: Mean alpha diversity of gut contents per month, sorted by species. 
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Figure 17: NMDS analysis of gut content taxa from both M. religiosa and T. sinensis. 

Each point represents an individual diet, and their proximity to other points indicates a 

similarity of contents. Bounding circles were drawn to illustrate the average range for a 

species’ diet. 

 

Local Level Variable (Plant Diversity) Survey 

Erwin Wilder and Wheaton Farm had the highest alpha plant diversities, with 16 

and 15 identifiable plant species respectively. Both Everett Leonard and Rose Farm 

contained 5 identifiable plant species. In terms of alpha diversity per 1-m2 plot, Erwin 

Wilder had the highest diversity at 3.95 species per plot. Wheaton Farm was second with 

3.45 species per plot, followed by Everett Leonard at 3 species per plot and Rose Farm at 

2.27 per plot (Table 1). Notably, a survey of Great Woods’ plant diversity was not 

conducted, and as such there are no data regarding its overall or per-plot diversity. Of the 

mantises that were barcoded, there was a clear preference for grass perches, and mantids 

were found on grasses across all fields. In Great Woods and Rose Farm, 100% of mantids 

were caught perching on grass, and in Erwin Wilder and Wheaton Farm, grass perches 

were disproportionately represented (Fig. 19).  For both species of mantis, abundance and 
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total length correlated positively with plant species per plot (Fig. 20). Within mantids 

which were barcoded, abundance and total length had the same relationship, but diet 

diversity correlated negatively with plant diversity (Fig. 21).  

Field Name 
Avg. No. species/10 
meter transect 

No. species (site-
wide) 

Wheaton 
Farm 3.454545455 16 

Rose Farm 2.272727273 5 

Erwin Wilder 3.947368421 15 

Everett 
Leonard 3 5 

 

Table 1: The diversity of each survey site measured in terms of species per 10 meter 

transect and number of species found site-wide. 
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Figure 18: A survey of mantid plant affinity documenting the abundance of specimens 

found on a certain plant species, organized by field. Note that grass perches are present in 

every field. 

 

Figure 19: Multivariate analyses of correlation pertaining to plant species per 10 meter 

transect. On the left, compared to abundance (correlation of 0.93), and on the right, 

compared to average total mantis length (correlation of 0.81). 
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Figure 20: A multivariate analysis of gut content alpha richness vs. plant species per 10 

meter transect. Note the weak negative correlation of -0.34. 

 

Landscape Level Variable Survey 

In terms of total habitat hectarage, the sum of primary and secondary habitat 

hectarage, Great Woods had the highest habitat availability of all sites, with 54.05 

hectares of available habitat within a one-kilometer radius. Erwin Wilder contained 47.94 

hectares, followed by Wheaton Farm at 34.96, Rose Farm at 30.33, and Everett Leonard 

at 17.60. The percentage of available habitat (both primary and secondary) was highest in 

Great Woods at 14%, followed by Erwin Wilder at 12%, Wheaton Farm at 9%, Rose 

Farm at 8%, and Everett Leonard at 5% (Fig. 22). Corridor Area Percentage was highest 
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in Everett Leonard which had a ratio of 0.42. Rose Farm had a ratio of 0.38, followed by 

Great Woods at 0.36, Wheaton Farm at 0.24, and Erwin Wilder at 0.22 (Fig. 23). Average 

total length and diet diversity had a mild positive correlation with percentage of available 

habitat (Figs. 24). Abundance had a strong negative correlation with corridor area 

percentage, 92% of which could be attributed to a cause/effect relationship. One-way 

ANOVA supported this possibility, with a P value of 0.0075 (Fig. 25). 

 Unsuitable 
Secondary 
Corridor 

Primary 
Corridor 

Secondary 
Habitat 

Primary 
Habitat 

Available 
Habitat 

Erwin Wilder 265.93 76.81 11.86 28.89 19.05 47.94 

Everett 
Leonard 209.49 133.13 28.25 17.60 0.00 17.60 

Great Woods 201.07 123.31 19.76 22.48 31.57 54.05 

Rose Farm 199.56 136.19 29.30 23.07 7.26 30.33 

Wheaton 
Farms 270.71 79.93 14.37 11.24 23.72 34.96 

 

Table 2: hectarage data of all sites. 
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Figure 21: Pie charts of the percent hectarage of primary/secondary habitat/corridor and 

unsuitable terrain of all survey sites. Note how Rose Farm, Everett Leonard, and Great 

Woods are all roughly 50% habitat and corridor, whereas Erwin Wilder and Wheaton 

Farm are roughly 35% habitat and corridor with substantially lower corridor hectarage 

than their counterparts. Habitat percentage across all fields is variable. 
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Figure 22: Corridor Area Percentage of all survey fields. Note how Erwin Wilder and 

Wheaton Farm are clustered in the 0.2 range, whereas Great Woods, Rose Farm and 

Everett Leonard are all in the 0.35-0.45 range. 
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Figure 23: Multivariate analyses of correlation pertaining to percentage habitat 

availability. On the left, compared with diet diversity (correlation of 0.76), and on the 

right, compared to average total mantid length (correlation of 0.77). 

 



Shmerling 36 

 

 

Figure 24: On the left, a multivariate analysis of the correlation between corridor area 

percentage and abundance, showing a correlation of -0.94. On the right, a one-way 

ANOVA analysis of abundance to corridor area percentage below 25% (Erwin Wilder 

and Wheaton Farm) and above 35% (Great Woods, Rose Farm, and Everett Leonard) 

with a P value of 0.0075, meaning that the difference in means of between the two groups 

is statistically significant.  



Shmerling 37 

 

 

Figure 25: Bivariate fit comparing mantid abundance with corridor area percentage.  
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Discussion 

Local and Landscape Level Variables 

Before discussing the results of our study, it’s necessary to recognize the sheer 

abundance of samples taken from Erwin Wilder and Wheaton Farm in comparison to our 

other three sampling fields. Over the three-month survey period, we needed to ensure that 

a substantial enough sample size of mantids was captured, and as a result, the sample 

sites we visited on any given day were in part informed by previous capture results. This 

also led to some fields not being visited at all on certain months, which would have been 

crucial in confirming the monthly trends in abundance, gut content diversity, and total 

length seen in Erwin Wilder and Wheaton Farm. 

It is also important to note that, due to their high abundances of M. religiosa and 

T. sinensis respectively, Erwin Wilder and Wheaton Farm can be thought of as proxies 

for either species’ characteristics, though the same can be said vice versa. Due to a lack 

of data from the other three survey fields, it’s impossible to tell whether differences 

between the two species/fields are caused by species or landscape level variance. 

Notably, the metrics for local and landscape variables for both Erwin Wilder and 

Wheaton Farm are remarkably similar, with a 0.5% difference in plant diversity per 1m2 

plot, a 0.03% difference in habitat availability, and a 0.02% difference in corridor area 

percentage. If we assume that similar fields will have similar prey species diversities and 

abundances, this could point towards species being the causal factor of observed trends.  

Across all fields, there is a significant split in corridor area percentage, with 

Erwin Wilder and Wheaton Farm making up a distinct grouping in the 0.2% range, and 

Great Woods, Rose Farm, and Everett Leonard grouped together between 0.35% and 
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0.45%. This could be a possible explanation for the discrepancy in mantid abundance 

between the groups, as we could expect that for an organism in which emigration is the 

primary factor affecting population density, a less connected field would result in a 

higher population density due to the relative lack of accessible corridors, with the 

opposite being true for more connected fields (Bowman et al., 2002). This would be in 

accordance with our findings, which showed a strong negative correlation between 

mantid abundance and corridor area percentage. With this in mind, there are two possible 

explanations. It could be that the population between Erwin Wilder/Wheaton Farm and 

Great Woods/Rose Farm/Everett Leonard truly varies to such a degree, assuming a 

similar in-field distribution of both population groups. Alternatively, the populations 

between both groups may be similar in abundance but vary primarily in distribution, 

readily emigrating to nearby fields and thus affecting our capture rates (Bowman et al., 

2002). Regardless, the low sample size for the high-connectivity grouping makes this 

relationship impossible to discern within the limitations of this study, and it may be that 

the correlation is an artefact of our sampling bias.  

In contrast, there was no grouping of habitat availability percentage across all 

fields. This makes the positive correlations between habitat availability and both diet 

diversity and total mantid length a viable option for further study, especially since habitat 

availability should positively impact prey species richness and abundance (Andrén, 

1994), but the viability of these relationships is still very much in question due to 

sampling bias. 

In terms of plant diversity, specifically plant species per 1m2 plot, there seemed to be less 

grouping between Erwin Wilder and Wheaton Farm. From Erwin Wilder to Wheaton 
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Farm there was a 12.7% decrease in plant species richness, followed by a roughly equal 

decrease of 13.1% between Wheaton Farm and Everett Leonard, and finally a 24.4% 

decrease between Everett Leonard and Rose Farm. This makes the positive correlations 

identified between species/10 meter transect and abundance and total length intriguing, as 

they may not be affected by sample size discrepancy alone, though of course this would 

require further study to determine the likelihood of a cause/effect relationship. 

Species Level Variables 

Overall, data regarding species-level differences is limited by virtue of M. 

religiosa’s lower sample size. Out of all 15 survey days, M. religiosa were found on 7 of 

them. This is in stark contrast to T. sinensis, which were found on all 15 survey days. 

This is the likely cause for the difference in M. religiosa growth rates across Erwin 

Wilder and Wheaton Farm. Since most M. religiosa sampled from Erwin Wilder were 

collected on August 3rd, and very few were collected before or after that date, August 3rd 

constitutes a large spike in their measured abundance. This is most likely due to a higher 

local abundance of M. religiosa in field 9 of Erwin Wilder, a sub-field that we sampled 

for the first time on that day. M. religiosa in Wheaton Farm show a much flatter growth 

rate because they were sampled in roughly the same amount over July 13th and July 21st, 

meaning there are no large spikes in their measured abundance.  

The significant differences in gut content diversity and composition between M. 

religiosa and T. sinensis were most likely driven by a difference in available prey taxa at 

Erwin Wilder and Wheaton Farm. This is supported by our NMDS visualization of gut 

content diversities across all fields which showed that datapoints for Erwin Wilder and 

Wheaton Farm would cluster together, albeit at a lower rate than with themselves, 
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indicating that when exposed to similar prey taxa, M. religiosa and T. sinensis will feed 

on the same prey items. This means that the difference in gut content diversity is most 

likely not the result of niche partitioning across the two species, though competition may 

still be a factor. 

 

Conclusions 

 Our findings suggest that both M. religiosa and T. sinensis are abundant in old 

field environments in Southeastern Massachusetts, with T. sinensis potentially 

outnumbering M. religiosa. DNA metabarcoding revealed the diet of praying mantids at 

our study sites and showed that both species are actively preying on important 

pollinators, such as butterflies and native bees, as well as native generalist predators, like 

spiders and predatory bugs. These findings are consistent with previous studies on 

invasive arthropod generalist predators as well as M. religiosa and T. sinensis 

specifically, and imply that the presence of either species in an environment has the 

potential to cause, and likely has already caused, substantial suppression of native 

arthropods populations (Kenis et al., 2009; Snyder and Evans, 2006; Fagan et al., 2002). 

It is also possible that top-down cascade events will occur, or have already occurred, in 

early succession fields where one or both species are present, akin to those attributed to 

T. sinensis populations in Delaware (Moran, et al., 1996).  

 We were unable to determine a relationship between local or landscape level 

variables and the abundance, morphometrics and diet diversity of either species, though 

this is likely attributable to sampling bias and a low field sample size. That being said, it 
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is unlikely that there is no connection between local and landscape level variables and the 

abundance, morphometrics, and diet diversities of M. religiosa and T. sinensis. Local and 

landscape level variables have well documented influences on community and species 

level variables, and there is little reason to assume invasive praying mantises are not 

subject to these same influences (Bowman et al., 2002; Walde, 1994; Sih and Wooster, 

1994). However, determining any such relationship would require consistent and rigorous 

sampling across more than five fields, with great care taken to visit field sites with a wide 

range of plant diversities, connectivities, and habitat availabilities, potentially determined 

through remote sensing prior to sampling. 

Broader Implications 

 In recent years, substantial public attention has been drawn to the “insect 

apocalypse”, a marked decrease in the global population of arthropods, especially 

pollinators such as butterflies, hoverflies and bees. This attention is warranted, to say the 

least, and there is a large body of scientific work identifying instances of substantial 

decline in population size, density, and biomass (Sanchez-Bayo and Wyckhuys, 2021; 

Hallman et al., 2017; Potts et al., 2016). These declines are the result of a myriad of 

different factors, many of which are anthropogenic, including pesticide use, climate 

change, land use change, and most notably for our purposes, invasive species (Potts et al., 

2016). In early-succession old field habitats, size and connectivity limit the abundance 

and diversity of native arthropod populations, leaving them especially susceptible to 

changes in food-webs like those caused by the introduction of a invasive generalist 

predators. Furthermore, as sit-and-wait ambush predators, M. religiosa and T. sinensis are 

especially dangerous to pollinators like bees and butterflies, as many individuals will visit 
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a single flower over the course of a single day, constantly providing a nearby mantis with 

many opportunities for predation. This is consistent with our gut-content analysis, of 

which Lepidoptera, Hymenoptera and Diptera made up a substantial portion. Given the 

greater context of arthropod declines, it is important that we recognize M. religiosa and 

T. sinensis as imminently dangerous organisms which may pose a significant risk to 

native populations, especially pollinators, which are already in steep decline (Sanchez-

Bayo and Wyckhuys, 2021; Rhodes, 2018; National Research Council et al., 2007).  

 

 

 

 

 

 

 

 

 

 

 

 

 



Shmerling 44 

 

Literature Cited 

Andrén, H. (1994). Effects of Habitat Fragmentation on Birds and Mammals in Landscapes 

with Different Proportions of Suitable Habitat: A Review. Oikos, 71(3), 355–366. 

https://doi.org/10.2307/3545823 

Bowman, J., Cappuccino, N., & Fahrig, L. (2002). Patch Size and Population Density: The 

Effect of Immigration Behavior. Conservation Ecology, 6(1), art9. 

https://doi.org/10.5751/ES-00354-060109 

Brannoch, S. K., Wieland, F., Rivera, J., Klass, K.-D., Béthoux, O., & Svenson, G. J. (2017). 

Manual of praying mantis morphology, nomenclature, and practices (Insecta, Mantodea). 

ZooKeys, 696, 1–100. https://doi.org/10.3897/zookeys.696.12542 

Carthey, A. J. R., & Banks, P. B. (2014). Naïveté in novel ecological interactions: Lessons 

from theory and experimental evidence. Biological Reviews, 89(4), 932–949. 

https://doi.org/10.1111/brv.12087 

Christensen, T., & Brown, W. D. (2018). Population Structure, Movement Patterns, and 

Frequency of Multiple Matings in Tenodera sinensis (Mantodea: Mantidae). 

Environmental Entomology, 47(3), 676–683. https://doi.org/10.1093/ee/nvy048 

Cooper, S. D., Walde, S. J., & Peckarsky, B. L. (1990). Prey Exchange Rates and the Impact 

of Predators on Prey Populations in Streams. Ecology, 71(4), 1503–1514. 

https://doi.org/10.2307/1938287 

Debinski, D. M., Ray, C., & Saveraid, E. H. (2021, September 30). Species diversity and the 

scale of the landscape mosaic:do scales of movement and patch size a€ ect diversity? 

https://doi.org/10.1016/S0006-3207(00)00153-1 

https://doi.org/10.2307/3545823
https://doi.org/10.5751/ES-00354-060109
https://doi.org/10.3897/zookeys.696.12542
https://doi.org/10.1111/brv.12087
https://doi.org/10.1093/ee/nvy048
https://doi.org/10.2307/1938287
https://doi.org/10.1016/S0006-3207(00)00153-1


Shmerling 45 

 

Donlan, C. J., & Wilcox, C. (2008). Diversity, Invasive Species and Extinctions in Insular 

Ecosystems. Journal of Applied Ecology, 45(4), 1114–1123. 

Fagan, W. F., Moran, M. D., Rango, J. J., & Hurd, L. E. (2002). Community effects of praying 

mantids: A meta-analysis of the influences of species identity and experimental design: 

Meta-analysis of mantid experiments. Ecological Entomology, 27(4), 385–395. 

https://doi.org/10.1046/j.1365-2311.2002.00425.x 

Hallmann, C. A., Sorg, M., Jongejans, E., Siepel, H., Hofland, N., Schwan, H., Stenmans, W., 

Müller, A., Sumser, H., Hörren, T., Goulson, D., & Kroon, H. de. (2017). More than 75 

percent decline over 27 years in total flying insect biomass in protected areas. PLOS 

ONE, 12(10), e0185809. https://doi.org/10.1371/journal.pone.0185809 

Hendrickx, F., Maelfait, J.-P., Van Wingerden, W., Schweiger, O., Speelmans, M., Aviron, S., 

Augenstein, I., Billeter, R., Bailey, D., Bukacek, R., Burel, F., Diekötter, T., Dirksen, J., 

Herzog, F., Liira, J., Roubalova, M., Vandomme, V., & Bugter, R. (2007). How 

landscape structure, land-use intensity and habitat diversity affect components of total 

arthropod diversity in agricultural landscapes. Journal of Applied Ecology, 44(2), 340–

351. https://doi.org/10.1111/j.1365-2664.2006.01270.x 

Hierro, J. L., & Callaway, R. M. (2003). Allelopathy and exotic plant invasion. Plant and Soil, 

256(1), 29–39. https://doi.org/10.1023/A:1026208327014 

Keeley, A. T. H., Beier, P., & Jenness, J. S. (2021). Connectivity metrics for conservation 

planning and monitoring. Biological Conservation, 255, 109008. 

https://doi.org/10.1016/j.biocon.2021.109008 

https://doi.org/10.1046/j.1365-2311.2002.00425.x
https://doi.org/10.1371/journal.pone.0185809
https://doi.org/10.1111/j.1365-2664.2006.01270.x
https://doi.org/10.1023/A:1026208327014
https://doi.org/10.1016/j.biocon.2021.109008


Shmerling 46 

 

Kenis, M., Auger-Rozenberg, M.-A., Roques, A., Timms, L., Péré, C., Cock, M. J. W., Settele, 

J., Augustin, S., & Lopez-Vaamonde, C. (2009). Ecological effects of invasive alien 

insects. Biological Invasions, 11(1), 21–45. https://doi.org/10.1007/s10530-008-9318-y 

Kenkel, N. C., & Orloci, L. (1986). Applying Metric and Nonmetric Multidimensional Scaling 

to Ecological Studies: Some New Results. Ecology, 67(4), 919–928. 

https://doi.org/10.2307/1939814 

Mollot, G., Pantel, J. H., & Romanuk, T. N. (2017). Chapter Two - The Effects of Invasive 

Species on the Decline in Species Richness: A Global Meta-Analysis. In D. A. Bohan, A. 

J. Dumbrell, & F. Massol (Eds.), Advances in Ecological Research (Vol. 56, pp. 61–83). 

Academic Press. https://doi.org/10.1016/bs.aecr.2016.10.002 

Moran, M. D., Rooney, T. P., & Hurd, L. E. (1996). Top-Down Cascade from a Bitrophic 

Predator in an Old-Field Community. Ecology, 77(7), 2219–2227. 

https://doi.org/10.2307/2265715 

Morse, Albert P. “A LIST OF THE ORTHOPTERA OF NEW ENGLAND.” Psyche, vol. 

XXVI, no. 2, 1919. 

National Research Council, Division of Earth and Life Studies, Board on Agriculture and 

Natural Resources, Board on Life Sciences, & Committee on the Status of Pollinators in 

North America. (2007). Status of Pollinators in North America. National Academies 

Press. 

Oksanen, J., Simpson, G. L., Blanchet, F. G., Kindt, R., Legendre, P., Minchin, P. R., O’Hara, 

R. B., Solymos, P., Stevens, M. H. H., Szoecs, E., Wagner, H., Barbour, M., Bedward, 

M., Bolker, B., Borcard, D., Carvalho, G., Chirico, M., Caceres, M. D., Durand, S., … 

https://doi.org/10.1007/s10530-008-9318-y
https://doi.org/10.2307/1939814
https://doi.org/10.1016/bs.aecr.2016.10.002
https://doi.org/10.2307/2265715


Shmerling 47 

 

Weedon, J. (2022). vegan: Community Ecology Package (2.6-2) [Computer software]. 

https://CRAN.R-project.org/package=vegan 

Potts, S. G., Imperatriz-Fonseca, V., Ngo, H. T., Aizen, M. A., Biesmeijer, J. C., Breeze, T. 

D., Dicks, L. V., Garibaldi, L. A., Hill, R., Settele, J., & Vanbergen, A. J. (2016). 

Safeguarding pollinators and their values to human well-being. Nature, 540(7632), 220–

229. https://doi.org/10.1038/nature20588 

Prete, F. R., Prete, P. F. R., Wells, P. H., Hurd, L. E., & Wells, P. H. (1999). The Praying 

Mantids. JHU Press. 

Rathet, I. H., & Hurd, L. E. (1983). Ecological Relationships of Three Co-occurring Mantids, 

Tenodera sinensis (Saussure), T. angustipennis (Saussure), and Mantis religiosa 

(Linnaeus). The American Midland Naturalist, 110(2), 240–248. 

https://doi.org/10.2307/2425265 

Reitz, S. R., & Trumble, J. T. (2002). Competitive Displacement Among Insects and 

Arachnids. Annual Review of Entomology, 47(1), 435–465. 

https://doi.org/10.1146/annurev.ento.47.091201.145227 

Rhodes, C. J. (2018). Pollinator Decline – An Ecological Calamity in the Making? Science 

Progress, 101(2), 121–160. https://doi.org/10.3184/003685018X15202512854527 

Sánchez-Bayo, F., & Wyckhuys, K. A. G. (2021). Further evidence for a global decline of the 

entomofauna. Austral Entomology, 60(1), 9–26. https://doi.org/10.1111/aen.12509 

Siemann, E., Haarstad, J., & Tilman, D. (1999). Dynamics of Plant and Arthropod Diversity 

during Old Field Succession. Ecography, 22(4), 406–414. 

Sih, A., & Wooster, D. E. (1994). Prey Behavior, Prey Dispersal, and Predator Impacts on 

Stream Prey. Ecology, 75(5), 1199–1207. https://doi.org/10.2307/1937446 

https://cran.r-project.org/package=vegan
https://doi.org/10.1038/nature20588
https://doi.org/10.2307/2425265
https://doi.org/10.1146/annurev.ento.47.091201.145227
https://doi.org/10.3184/003685018X15202512854527
https://doi.org/10.1111/aen.12509
https://doi.org/10.2307/1937446


Shmerling 48 

 

Snyder, W. E., & Evans, E. W. (2006). Ecological Effects of Invasive Arthropod Generalist 

Predators. Annual Review of Ecology, Evolution, and Systematics, 37(1), 95–122. 

https://doi.org/10.1146/annurev.ecolsys.37.091305.110107 

“TerrSet 2020 Geospatial Monitoring and Modeling Software.” Clark Labs, 

https://clarklabs.org/terrset/. Accessed 16 May 2022. 

Walde, S. J. (1994). Immigration and the Dynamics of a Predator-Prey Interaction in 

Biological Control. Journal of Animal Ecology, 63(2), 337–346. 

https://doi.org/10.2307/5552 

Watanabe, H., Miyamaoto, M., & Yano, E. (2013). Stage-Specific Site Selection of the 

Praying Mantid <I>Tenodera aridifolia</I>. Annals of the Entomological Society of 

America, 106(4), 447–453. https://doi.org/10.1603/AN12145 

 

 

 

 

 

 

 

 

 

 

https://doi.org/10.1146/annurev.ecolsys.37.091305.110107
https://clarklabs.org/terrset/
https://doi.org/10.2307/5552
https://doi.org/10.1603/AN12145


Shmerling 49 

 

Figures, Tables and Graphs 

 

Abundance 

 

Figure 8: Abundance vs. species, sorted by sex. Note the differing sex ratios between M. 

religiosa and T. sinensis. 

 

 

Figure 9: Abundance vs. Field shown in both specimen count and percentage of 

specimens. 
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Figure 10: Mantises captured over the 9-week survey period, sorted by species. 

 

Figure 11: variation in average size across sex and species. 
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Morphometrics 

 

Figure 12: Rates of growth between M. religiosa and T. sinensis over the 9-week survey 

period. 

 

Figure 13: Rates of all-species mantid growth between Erwin Wilder and Wheaton Farm. 
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Figure 14: Rates of per-species mantid growth between Erwin Wilder and Wheaton Farm 
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Diet Diversity 

 

Figure 15: Frequency of taxa genetically identified in mantid gut contents.  
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Figure 16: Mean alpha diversity of gut contents per month, sorted by species. 

 

Figure 17: NMDS analysis of gut content taxa from both M. religiosa and T. sinensis. 

Each point represents an individual diet, and their proximity to other points indicates a 

similarity of contents. Bounding circles were drawn to illustrate the average range for a 

species’ diet. 
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Local Level Variables 

Field Name 
Avg. No. species/10 
meter transect 

No. species (site-
wide) 

Wheaton 
Farm 3.454545455 16 

Rose Farm 2.272727273 5 

Erwin Wilder 3.947368421 15 

Everett 
Leonard 3 5 

 

Table 1: The diversity of each survey site measured in terms of species per 10 meter 

transect and number of species found site-wide. 

 

Figure 18: A survey of mantid plant affinity documenting the abundance of specimens 

found on a certain plant species, organized by field. Note that grass perches are present in 

every field. 
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Figure 19: Multivariate analyses of correlation pertaining to plant species per 10 meter 

transect. On the left, compared to abundance (correlation of 0.93), and on the right, 

compared to average total mantis length (correlation of 0.81). 
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Figure 20: A multivariate analysis of gut content alpha richness vs. plant species per 10 

meter transect. Note the weak negative correlation of -0.34. 
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Landscape Level Variables 

 Unsuitable 
Secondary 
Corridor 

Primary 
Corridor 

Secondary 
Habitat 

Primary 
Habitat 

Available 
Habitat 

Erwin Wilder 265.93 76.81 11.86 28.89 19.05 47.94 

Everett 
Leonard 209.49 133.13 28.25 17.60 0.00 17.60 

Great Woods 201.07 123.31 19.76 22.48 31.57 54.05 

Rose Farm 199.56 136.19 29.30 23.07 7.26 30.33 

Wheaton 
Farms 270.71 79.93 14.37 11.24 23.72 34.96 

 

Table 2: hectarage data of all sites. 

 

Figure 21: Pie charts of the percent hectarage of primary/secondary habitat/corridor and 

unsuitable terrain of all survey sites. Note how Rose Farm, Everett Leonard, and Great 

Woods are all roughly 50% habitat and corridor, whereas Erwin Wilder and Wheaton 

Farm are roughly 35% habitat and corridor with substantially lower corridor hectarage 

than their counterparts. Habitat percentage across all fields is variable. 
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Figure 22: Corridor Area Percentage of all survey fields. Note how Erwin Wilder and 

Wheaton Farm are clustered in the 0.2 range, whereas Great Woods, Rose Farm and 

Everett Leonard are all in the 0.35-0.45 range. 
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Figure 23: Multivariate analyses of correlation pertaining to percentage habitat 

availability. On the left, compared with diet diversity (correlation of 0.76), and on the 

right, compared to average total mantid length (correlation of 0.77). 
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Figure 24: On the left, a multivariate analysis of the correlation between corridor area 

percentage and abundance, showing a correlation of -0.94. On the right, a one-way 

ANOVA analysis of abundance to corridor area percentage below 25% (Erwin Wilder 

and Wheaton Farm) and above 35% (Great Woods, Rose Farm, and Everett Leonard) 

with a P value of 0.0075, meaning that the difference in means of between the two groups 

is statistically significant.  
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Figure 25: Bivariate fit comparing mantid abundance with corridor area percentage.  
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