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ABSTRACT 
 
 
Due to anthropogenic climate change, severe droughts are presenting damaging effects to 
ecosystems across the globe. Arthropods, as important bioindicators of ecosystems, are 
important to look at in the context of drought to understand how communities are being altered 
and what cascading effects this may have. In this study, I examined the effects of drought on 
ground-dwelling arthropod community activity, composition, and abundance as well as the 
effects on a single species’ body size. Using 60 pitfall traps each month from the beginning of a 
drought period in 2014 until 2 years after the drought’s end in 2017, 2612 specimens were 
collected and identified to 122 different taxa. I analyzed differences of species activity patterns, 
richness, Shannon diversity, and abundance between drought and non-drought years. I took the 
pinned Pterostichus californicus specimens and measured median pronotum length, half of the 
widest pronotum width, and length of the left elytron to get an estimate of body size. I used 
one-way ANOVAs to test differences between years where appropriate. Species composition, 
richness, and activity differed between drought and non-drought years. However, the years were 
the same in abundance and Shannon diversity. These findings suggest that drought does alter 
arthropod communities, but the effects and directionality are species-specific, likely dependent 
on life history traits. As there are many interactions taking place in this community that are not 
fully understood, it is essential to further develop our understanding of terrestrial, ground- 
dwelling arthropods in the face of drought in order to monitor California ecosystems. 
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INTRODUCTION 
 
 

Anthropogenic climate change is increasing the length and intensity of droughts, 

which can greatly alter the structure and function of ecosystems. Climate change has further 

accelerated hydrological processes, which facilitates intense, prolonged droughts that are 

expected to increase in severity (Cook et al. 2018, Mukherjee et al. 2018). Visible 

repercussions have already been observed such as major forest die-off reported in every 

forested continent, which has had cascading effects on the microclimate, carbon cycle, fire 

regimes, and nutrient balance of these habitats (Cobb et al. 2017, Hopkins et al. 2018). 

Further, droughts are amid the most expensive natural disasters across the world due to their 

devastating effects on ecosystems, agriculture, and human societies (Cook et al. 2018). 

In California specifically, the lack of water availability threatens the growing 

population and one of the largest economies in the world by restricting food production, 

industrial and urban use, as well as hydropower from reservoirs (Mann and Gleick 2015, 

Forrest et al. 2018). Like other Mediterranean climates, California continues to warm and 

become increasingly arid, which has led to recent drought extremes (Stocker et al. 2013). 

Separate from these economic impacts, hydrological extremes hit biological communities 

directly with abiotic stressors and indirectly by altering organism interactions (Hung et al. 

2021). This unprecedented era of climate change promises droughts of increased frequency, 

magnitude, and duration, making the threat of irreversible changes to crucial ecosystems a 

major concern (Mann and Gleick 2015). 

The impacts of severe drought events on ecosystems can be monitored through 

bioindicator species. To monitor ecosystem changes and biodiversity, bioindicator species are 

a cost-effective method as they are easily identifiable, eco-functionally important, and have 

sensitivities such that they respond differently to disturbance regimes (Pearce and Venier 

2006). Additionally, for a bioindicator species to be effective, it must be specific to habitat 

requirements as well as have direct and indirect relationships with other organisms (Ferris and 

Humphrey 1999, Rainio and Niemelä 2003). Arthropods serve as useful bioindicators of 

habitat change and modification because of their small body size, short generation time 

(Kremen et al. 1993), high sensitivity to temperature and moisture changes (Schowalter et al. 

2003), and provision of ecosystem services (Longcore 2003). They also play a key role in 
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nutrient cycling and influence other trophic levels, indicating that trophic structures can be 

affected where arthropods are impacted (Seastedt and Crossley Jr 1984). Therefore, arthropods 

can be used as a tool to understand both how drought impacts terrestrial arthropod 

assemblages and the recovery trajectory after the drought ends. 

Arthropods may respond differently to drought, depending on life history traits. The 

majority of research on arthropods in response to drought in Mediterranean climates has 

focused on aquatic habitats because drought can place substantial ecological pressure on 

small freshwater water bodies by drying up streams. The changes to streams sever 

hydrological connectivity, worsens water quality, and leaves taxa vulnerable to predators 

(Boulton et al. 2008, Rosset et al. 2010). However, research on Mediterranean terrestrial 

ground-dwelling arthropods experiencing drought is more limited. Moisture stress can 

directly lower arthropod fitness by promoting desiccation (Block 1996, Haile 2000) and, 

given that many soil-inhabiting arthropods are adapted to moist and humid environments, it 

leaves vulnerable life stages at risk in drought conditions. Furthermore, drought can indirectly 

affect ground-dwelling arthropods through alteration of microenvironments by altering abiotic 

factors and growth of plants that may serve as habitat or a food source (Haile 2000, Prather et 

al. 2020). Despite these constraints, organisms living in a Mediterranean climate with 

multi-year droughts presumably have life history adaptations that allow some resilience to 

drought conditions. However, it is unclear how the life histories of these ground-dwelling 

arthropods will be affected by an extended period of severe drought and how community 

structure is likewise affected. 

In this study, I aim to understand how drought affects ground-dwelling arthropod 

communities over an extended period in a Mediterranean climate using a 5-year long dataset. 

My objectives are to examine differences between drought and non-drought years and (1) 

determine how arthropod species activity shifts, (2) evaluate differences in richness, 

abundance, and diversity of the community, and (3) assess if body size is affected for a single 

species. 

 

METHODS 
 
 
Study Site Description 
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This study takes place in Perkins Canyon in Mount Diablo State Park, which lies just 

outside the town of Perkins Canyon in Contra Costa County (vicinity of N37.89587, 

W121.87486). The habitat is an oak woodland of primarily Blue Oak (Quercus douglasii), 

Grey Pine (Pinus sabiniana), and Interior Live Oak (Quercus wislizeni). This canyon was burned 

during the Morgan Fire on September 8th, 2013, which burned 3,100 acres in Mount Diablo 

State Park (Cuff and Nardi 2013). In the following year, the entire state of California experienced 

a significant multi-year drought beginning in 2014. According to the U.S Drought Monitor, 

nearly 60% of California, including the specific area of Perkins Canyon, was in the most severe 

drought category (“D4-Exceptional Drought”) at the time this study began in July 2014 (National 

Integrated Drought Information System 2021). An official end to the drought was declared on 

April 7th, 2017 (CBS News 2017). This data collection period ended in July 2019, by which the 

area was no longer experiencing any drought. 

 
Environmental Data 

 
 

To quantify the period of drought, I used precipitation data that was collected by a rain 

gauge at the Marsh Creek Fire Station in Contra Costa County (37.8949°N,-121.8635°W). The 

data was downloaded from the California Data Exchange Center (California Department of 

Resources 2020) on February 10th, 2020 for the date range of January 1st, 2014 to December 

31st, 2019. 

 
Arthropod Sampling 

 
 

To determine the effects of drought on arthropods, I used arthropod data collected by 

Professor Kipling Will and Dr. Patina Mendez from July 2014 to July 2019. They established 6 

sites in the canyon, each with a transect line that included 10 traps along it with 5 meters in 

between each trap, giving a total of 60 traps. Pitfall traps were made from 16 oz. polyethylene 

terephthalate (PET) cups with 95mm diameter and 121 mm height. To protect each trap, a 27 x 

178 mm galvanized steel shingle served as a rain cover and a 40 x 40 cm piece of chicken wire 

excluded small mammals (Zhang 2015). Once a month, within a few days of the new moon, the 

traps were buried in 150 mm long PVC pipes and left open for 3 consecutive nights. Propylene 
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glycol was placed in each cup to kill and preserve the specimens, after which they were sorted, 

identified, and pinned in a laboratory at the University of California, Berkeley (Will and Mendez 

2021). 

 
Temporal Data 

 
 

To understand the patterns of presence of arthropod taxa throughout the years, I created a 

table of the 20 most abundant taxa of the 5-year sampling period, which had total abundances 

ranging from 27 to 295 individuals. For each taxon, I plotted monthly abundance by year and 

used color intensity going from light to dark to code as (1) absent, (2) present but low 

abundance, and (3) present at the highest abundances of the entire sampling period relative to 

that taxon’s total abundance. This table was used to determine the activity period of each taxon. 

To look at phenology over the 5 years, I took taxa that displayed different activity 

patterns and plotted counts in order to create a temporal profile for each. I did this in order to 

compare activity period changes throughout the 5 years with a smaller subset of the community 

that showed similar or different responses. As not all individuals were identified to species level, 

in some cases I used morphospecies designations by K. Will. Looking between declared drought 

and non-drought years, I visually analyzed patterns of disappearance or emergence between the 

different taxa. 

 
Community Response 

 
 

To examine community composition, I calculated species richness and species 

accumulation curves for each cohort year. Due to the timing of sampling, I separated samples 

into cohort years, which I defined as July of each year to June the following year, in order to 

create equal sample sizes. For example, the 2014 cohort year is from July 2014 until June 2015. 

Although a typical water year is considered October to October, California experiences virtually 

no rainfall in July, August, or September, which results in a cohort year closely resembling the 

typical water year. To compare diversity, I used the Shannon Diversity Index, which is a measure 

of entropy or disorder of a community that also considers uncertainty in the outcome of the 

sampling process’ (Daly et al. 2018). It has been used to measure both insect and beetle diversity 
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(Lencinas et al. 2019, Ghani and Maalik 2020). I also created species accumulation curves that 

show the aggregation of species richness of each year to compare the total number of species 

present as time went on. I tested differences of species richness, Shannon diversity, and total 

arthropod abundance between years using one-way ANOVAs. To understand shifts in taxa 

dominance, I created rank abundance profiles for each cohort year. All community analysis was 

completed using Rstudio and BiodiveristyR (RStudio Team 2022). 

 
Body Size Measurements 

 
 

Pterostichus californicus beetle specimens were pinned and stored in the Will lab at the 

University of California, Berkeley. To determine if body size changed annually in response to 

drought conditions, I measured median pronotum length, half of the widest pronotum width, and 

length of the left elytron to the nearest unit by using a microscope reticle of a Wild M-5 

Stereomicroscope at 6x magnification. For each measurement, I secured a pinned specimen 

under a microscope by sticking the pin in a ball of polymer clay, with the aim to orient the body 

part I was measuring in one level visible plane. Measuring the elytron first, I ensured the 

scutellum and the apex of the abdomen were in focus. I measured the left elytron from the corner 

of the scutellum to the tip of the elytron. I consistently measured the left elytron unless there 

was obvious damage to that side. Moving to the pronotum, I tipped the specimen slightly 

diagonal, then visually confirmed that the lateral edge of the pronotum was parallel with the 

microscope stage and all 4 corners together in focus. Using the mid-ecdysial suture as a guide, I 

measured the pronotum length and then, perpendicular to that line, I measured the width of the 

right side at the widest point (Figure 1). 

To account for sex-based response differences, I separated specimen measurements by 

sex. To determine if body size changed with drought conditions, I used one-way ANOVAs. To 

inspect patterns between different cohort years, I created color coded scatterplots of elytron 

length as a function of pronotal length. All statistical analysis was completed using R statistical 

software and differences with p-values< 0.05 were considered significant. 
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Figure 1: Measurements taken on each Pterostichus californicus specimen. The measurements correspond to: (1) 
length of the left elytron, (2) median pronotum length, and (3) half of the widest pronotum width. 

 

RESULTS 
 
 
Environmental Conditions 

 
 

The average yearly rainfall over the 5-year sampling period was 671.22 mm with a 

standard deviation of 249.45 mm. The cohort year with the lowest total rainfall was 2017 with a 

total of 434.086 mm, although 2016 had the highest total rainfall at 1021.65 mm (Figure 2). Each 

year followed roughly the same pattern with the highest rainfall occurring in winter to early 

spring months and no rainfall in July or August (Figure 3). 
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Figure 2: Total precipitation by cohort year in mm. 
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Figure 3: Total precipitation by month for the 2014 (A), 2015 (B), 2016 (C), 2017 (D), and 2018 (E) sampling 
years. 

 
 

Arthropod Activity 
 
 

A total of 122 different taxa were collected and identified across the 6 sites over 5 years. 

The most abundant species over the period was Pterostichus californicus, with a total of 295 

individuals recorded. Activity varied across years for the 20 most abundant species of the 5-year 

sampling period. The 20 taxa were divided into autumn, winter, spring, and summer groups 

dependent on when they emerged and were most active. 7 taxa fell into the autumn active 

category (Figure 4A), 4 in the winter (Figure 4B), 4 in the spring (Figure 4C), and 5 in the 

summer (Figure 4D). 

Different taxa showed varying activity patterns between drought and non-drought years. 

For example, taxa such as Pterostichus species, Coelocnemis magma, Eleodes dentipes, and 

Prionus californicus showed shifts to higher abundances in non-drought years (Figure 4A,C, 

&D, Figure 5, Figure 6, Figure 7, Figure 8). Hylurgops porosus was highly abundant in early 

drought years, but largely disappeared well before the end of the drought (Figure 4D, Figure 9). 

Scolytinae had an extreme peak in 2015, but was nearly absent from all other sampling events 

(Figure 10). Other species, such as Forficula auricularia and Serradigitus gertschi striatus 

showed little change between years (Figure 4A,D, Figure 11, Figure 12). 
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C. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

D. 
Figure 4: Activity tables for the 20 most abundant taxa of the sampling period divided into (A) autumn, (B) 
winter, (C) spring, and (D) summer active groups. White squares indicate absence, while light, medium, and dark 
blue squares represent low, medium, and high abundances, respectively. 
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Figure 5: Pterostichus species abundances throughout the sampling period. 

 
 

Figure 6: Coelocnemis magma abundance throughout the sampling period. 
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Figure 7: Eleodes dentipes abundance throughout the sampling period. 

 
 

Figure 8: Prionus californicus abundance throughout the sampling period. 
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Figure 9: Hylurgops porosus abundance throughout the sampling period. 

 
 

Figure 10: Scolytinae species abundances throughout the sampling period. 
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Figure 11: Forficula auricularia abundance throughout the sampling period. 

 
 

Figure 12: Serradigitus gertschi striatus abundance throughout the sampling period. 
 
 

Community Response 
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Drought intensification resulted in staggered changes in community composition. Annual 

species richness was lower in non-drought years, with a large drop off of species in the 2016 

cohort year (Figure 13). In drought years, a species richness of 75 and 78 was recorded for the 

2014 and 2015 cohort year, respectively. This number nearly halved in 2016 when the species 

richness was 47. A gradual decrease continued, with 35 species in 2017 and 26 species in 2018. 
 
 
 
 

 
Figure 13: Species accumulation curves for each cohort year. Cohort year is defined as July of each year to June 
the following year. Each site on the x-axis corresponds to a monthly sampling event. 

 
Species ranks were also different between years, with the major shift in rankings also 

happening in the 2016 cohort year (Figure 14). Bark beetles of the subfamily Scolytinae and 

fungus beetles belonging to the family Leiodidae ranked highest in drought years. Pterostichus 

californicus was not ranked in the top 3 in either drought years, but became the first ranked 

species in 2016 and stayed in that rank for the remainder of the sampling period. Other species 
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that became prevalent in non-drought years included the darkling beetle Nyctoporis aequicollis 

and the ground beetle Pterostichus vicinus. Coniontus species were consistently high, ranking in 

the top 3 in the 2014, 2016, and 2018 cohort years. 
 
 
 
 
 
 

 
Figure 14: Rank abundance of each cohort year. Cohort year is defined as July of each year to June the following 
year. Ranks are as follows: 2014: (1) Scolytinae (2) Coniontus species and (3) Hylurgops porosus, 2015: (1) 
Leiodidae species (2) Tachy species (3) Serradigitus gertschi striatus, 2016: (1) Pterostichus californicus (2) 
Forficula auricularia (3) Coniontus species, 2017: (1) Pterostichus californicus (2) Pterostichus vicinus (3) 
Nyctoporis aequicollis, 2018: (1) Pterostichus californicus, (2) Coniontus species (3) Nyctoporis aequicollis. 
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Shannon diversity, however, was not different between years (Figure 15, F= 2.57, 

P=0.11). Across sampling events, it ranged from 1.17 to 2.87 in 2014, 0.79 to 2.84 in 2015, 0.67 

to 2.66 in 2016, 0 to 2.41 in 2017 and 0.80 to 2.44 in 2018. Average Shannon indices for each 

year were 2.07 in 2014, 1.92 in 2015, 2.02 in 2016, 1.78 in 2017, and 1.74 in 2018. The year 

2015 had the most diversity variability between sampling events. 
 
 

 
Figure 15: Shannon diversity across cohort years (F= 2.57, P=0.11). Cohort year is defined as July of each year to 
June the following year. 

 
Abundance also did not fluctuate between years (Figure 16, F=0.493, P=0.485). Total 

arthropod abundance across sampling events ranged from 18 to 182 in 2014, 8 to 124 in 2015, 5 

to 114 in 2016, 0 to 98 in 2017, and 5 to 82 in 2018. The average total abundance was 45.25 in 

2014, 44.75 in 2015, 40.23 in 2016, 43.17 in 2017, and 35.83 in 2018. Again, 2015 had the most 

variability between sampling events. 
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Figure 16: Abundance across cohort years (P= 0.485, F=0.493). Cohort year is defined as July of each year to 
June the following year. 

 
 
 
Beetle Body Size Relationship to Drought 

 
 

Body size of Pterostichus californicus did not change between years. Male specimens 

showed no difference in pronotum width (Figure 17A , P= 0.554, F= 0.7), pronotum length 

(Figure 17B, P= 0.263, F= 1.345), or elytron length (Figure 17C, P= 0.945, F= 0.126). Female 

specimens also were not different by year in terms of pronotum width (Figure 18A, P= 0.22, F= 

1.521) or pronotum length (Figure 18B, P= 0.789, F= 0.072). Female elytron length showed a 

marginal change between years (Figure 18C, P= 0.0534, F= 3.802). Body length measurement 

plots reveal no trends or groupings by year for either male (Figure 19) or female (Figure 20) 

specimens. 
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Figure 17: Male Pterostichus californicus specimen body sizes across the years including (A) pronotum width (P= 
0.554, F= 0.7), (B) pronotum length (P= 0.263, F= 1.345), and (C) elytron length measurements (P= 0.945, F= 
0.126). Cohort year is defined as July of each year to June the following year. 
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C. 

 
Figure 18: Female Pterostichus californicus specimen body sizes across the years including (A) pronotum width 
(P= 0.22, F= 1.521), (B) pronotum length (P= 0.789, F= 0.072), and (C) elytron length measurements (P= 0.0534, 
F= 3.802). Cohort year is defined as July of each year to June the following year. 
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Figure 19: A plot of elytron length as a function of pronotal length of male specimens by year. 
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Figure 20: A plot of elytron length as a function of pronotal length of female specimens by year. 
 
 
 
 
 

DISCUSSION 
 
 

Drought years differed from non-drought years in terms of species composition, richness, 

and activity. However, drought and non-drought years did not differ in abundance or Shannon 

diversity. Richness was high in early drought years, but dramatically drops partially into the 

drought in the 2016 cohort year. The most abundantly ranked species also changed in the 2016 

cohort year. Despite my expectations, I found no difference in body length measurements 

between years. Overall, I found that drought likely affects ground-dwelling arthropod 

communities most by affecting their composition and phenology, rather than overall abundance 

or body size. 
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Arthropod activity 
 
 

Arthropod activity patterns differed between years, but these patterns were species 

dependent. Activity and abundance appeared unchanged for some species between drought and 

non-drought years, which could be due to their resilience or differing sensitivities to xeric 

conditions. Terrestrial arthropod survival is interconnected with their ability to a water balance 

(Kharboutli and Mack 1993). For example, the earwig Forficula auricularia had a consistent 

presence and abundance throughout the sampling period and may be reasonably resistant to 

dessication. In an experimental study, another earwig species, Labidura riparia, was able to 

withstand substantial desiccation, losing nearly 50% of its total body water before perishing, 

compared to a usual lethal average of 25-50% water loss in other insects (Kharboutli and Mack 

1993). Earwigs are often primarily nocturnal and may also tolerate or avoid dry conditions by 

burrowing (Kharboutli and Mack 1993). Serradigitus gertschi striatus is another species more 

adapted to dry conditions that showed little changes among sampling years. This unaffected 

phenology is not surprising since this is a scorpion species, which are nocturnal burrowers with 

transpiration rates much lower than arthropods in their habitat (Cloudsley-Thompson 1975). 

Along with desiccation risk, food availability may have been a contributor to the lower 

abundance of some taxa in drought years. For example, Pterostichus species, including P. 

vicinus, P. californicus, and P. protensiformus, had similar trends with quite dramatic increases in 

early 2017 right after the end of the drought, but P. angustus generally had the same presence 

patterns throughout all years. Similar to most Pterostichus species, Prionus californicus was 

almost absent in early sampling years, but finally appeared in early 2017. Pterostichus species 

are often generalist feeders that prey on invertebrates and the occasional plant matter (Fawki et 

al. 2005). It is possible that the arthropods that appeared reduced during drought years primarily 

rely on prey like soft-bodied invertebrates as their food source. During periods of drought, soil 

moisture is reduced, which can drive some invertebrate species, such as earthworms, to take 

shelter deep into the soil, which also makes them harder to reach (Joschko et al. 1989). When 

total monthly precipitation increased in early 2017, prey may have become easier to locate once 

again, which may have contributed to increases in predator species. Conversely, one study found 
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a potential increase in food source for carabid beetles specifically. Dry conditions pushed aphids 

to reside on lower parts of their host plant or even below the soil, which allowed one of their key 

predators, carabid beetles, to reach them easier and thus raise predation rates. Carabids as a 

group were generally diminished in drought years with a rise beginning with precipitation 

increases, suggesting that food availability may not be the main driver of reduced species 

abundances. 

For arthropods that feed partially or primarily on plant matter, drought can result in 

reduced vegetation vigor, decreased net primary productivity, delayed seed germination, reduced 

plant cover, and increased plant mortality (Cady et al. 2019). All these effects can greatly reduce 

a major food source for grassland arthropods as well as reduce their protection from other 

predators. 

Some taxa had earlier abundance peaks with dramatic drop offs. For example, Hylurgops 

porosus, a bark beetle, showed high abundances in early years, then nearly disappeared before 

the drought’s end. A possible explanation could be the feeding ecology of H. porosus, which are 

bark beetles attracted to plants in stress (Safranyik et al. 1999). Dry conditions can cause plants 

to produce stress compounds that certain insects are attracted to. This species may have been 

attracted to these compounds yet was unable to handle the dry conditions or their woody food 

source became too dry, and they quickly disappeared. Additionally, one study found that plant 

chemical defenses may increase initially with moderate drought, but, after extended severe 

drought like this area experienced, their defenses diminish, leading to a benefit to the species that 

feed on them (Gely et al. 2020). Because the drought began in Spring 2014, plant defenses may 

have begun to drop before the actual end of the drought, which could explain earlier peaks or 

abundance boosts of species such as Eleodes dentipes, which feeds exclusively on plant matter 

(Dale and Frank 2017). 

Few taxa showed alternate responses where reasons aren’t entirely clear. This could 

simply be a factor of the sampling method. For example, bark beetles in the subfamily Scolytinae 

were extremely abundant, yet the bulk of its abundance was from a single sampling day where a 

total of 124 individuals were sampled. It could be that something fell into the pitfall trap that 

they were highly attracted to, such as woody debris, and produced aggregation pheromones that 
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led to unnaturally high numbers (Miller and Borden 1990). Additionally, the carrion beetles of 

the Ptomaphagus genus had just 2 large peaks in October 2014 and November 2015, then is 

basically absent from all other sampling events. There are many possible explanations, including 

the nature of pitfall trap sampling and the possibility of a dead organism near the trap. 

 
Community response 

 
 

Overall, species richness was greatly reduced as time went on, yet abundance and 

diversity stayed relatively the same. Species richness was most likely reduced due to certain 

species succumbing to drought and disappearing from the area (Kemp and Cigliano 1994). 

Species richness was nearly cut in half in 2016, which indicates there may be a sort of threshold 

that some taxa can handle. With each subsequent year starting with a reduced species pool and 

the lack of recruitment, species richness is unlikely to bounce back following drought (Tilman 

and El Haddi 1992). This is in line with what I observed since richness continually decreased in 

the post drought years. There was also a large shift of the top ranking species in 2016, which 

further demonstrates the reorganization of the entire community at that point. 

However, Shannon diversity did not differ between years. The Shannon diversity index 

quantifies both the abundance and evenness. It takes the proportion of a single species compared 

to the total number of species, and then multiples that by the logarithm of that proportion. This 

function is summed across species then multiplied by -1, which results in a higher final number 

representing higher species diversity (Zaimes et al. 2019). I observed similar Shannon diversity 

indices across years, which could be due to unevenness in the distribution of individuals. For 

example, the 2014 cohort year had a total abundance of 555, in which a quarter of that was made 

up from a single taxon, Scolytinae, on one sampling day. Abundance of just a few species in the 

early years , resulting in high variation in the distribution of all species may be the reason for the 

lower Shannon diversity although richness is higher (Pirithiraj et al. 2021) 

Abundance was likely not reduced greatly because, in the earlier sampling years, richness 

was still high, but with low abundances for many species. In the later years, when richness was 

greatly reduced, there were fewer species present, yet the abundance of most of those resilient 
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species were increased after the drought. These findings are in line with a rangeland study that 

found extreme drought led to a reduction in grasshopper species richness in the following years, 

indicating a single year of drought can result in long-term richness reduction (Kemp and 

Cigliano 1994). Post-drought aquatic community composition also reflects the intensity and 

duration of a drought as well as the accessibility of refuges (Villada‐Bedoya et al. 2019). This 

decreasing richness in response to drought could be what is happening with terrestrial, ground 

dwelling communities as well. Further monitoring during the post-drought years may give the 

most insight for long-lasting impacts and implications for the community long-term. 

 

Beetle Body Size Changes 
 
 

Body size of a single abundant species, Pterostichus californicus, did not change between 

drought and non-drought years. This lack of difference was not what I expected to find given 

existing literature on relationships with body size and drought. Body size is important in ecology 

because of its role in life history and the physiological processes of an organism, which then 

influence its reproduction and survival (Winne et al. 2010). The environment imposes a profound 

effect on body size and larvae reared at high temperatures or on lower quality diets, both of 

which are associated with drought periods, produce adults with stunted growth (Nijhout 2003). 

In vertebrates, a drought-induced body size reduction has been observed in snakes (Winne et al. 

2010), marsupials (Rhind and Bradley 2002), and bison (Martin and Barboza 2020). In insects, 

Carabid beetles respond to disturbance through body length; the carabid species Carabus 

nemoralis has a shorter body length in response to disturbance in the form of proximity to a city 

center in Germany (Weller and Ganzhorn 2004). 

One reason for my conflicting findings could be simply the chosen species. Pterostichus 

californicus, which was first found in California and described from a Californian specimen, 

may not show a response as it is already resilient to drought conditions given the arid 

environment it originates from. I did observe lower abundances of it during drought years, but, 

again, that is likely a function of food sources diminishing in drought conditions. Other species 

may display variation in body length. The response of P. californicus agrees with those of Baar et 
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al (2018), who noted no changes in body sizes in response to precipitation, net primary 

productivity, or temperature in herbivorous beetles, concluding that findings of other papers must 

be due to species-specific responses. 

Another possibility could be the timing of sampling. The sampling period ranged from 

exactly the beginning of the drought, July 2014, to July 2019, which was just over 2 years after 

the declared end of the drought. Most studies that report changes in body size in vertebrates or 

arthropods are comparing pre- and post- drought measurements. Since my sampling covered 

only during drought and 2 years post drought, I may not have been able to capture the initial 

body size reduction I had expected. Perhaps measuring pre-drought specimens would show a 

different pattern. If this is the case, there could be broader implications for the post drought 

recovery time of insect body size being greater than the 2 years I examined. 

Measurement methods are likely playing a large role in this result. How a specimen is 

preserved and pinned may affect how accurate a measurement can be. For example, some 

specimens were more distorted in ways that made it challenging to view it in a single plane. 

Additionally, the body length measurements that I chose to take may provide little evidence for 

the status of a specimen’s fitness. Body size or body condition are terms often used by studies 

that can represent numerous types of measurements, which can make studies hard to directly 

compare depending on the employed method (Knapp and Knappová 2013). Multiple studies 

have suggested that dry weight or even fat content are most suitable in assessing a carabid 

beetle's body condition or fitness (Knapp and Knappová 2013, Tseng et al. 2018). Although there 

is new research confirming the correlation of body length to body mass, measuring this myself 

would have been most ideal to gain insight on body condition (Weiss and Lind 2022). 

 
Drought Effects on Terrestrial Arthropod Communities 

 
 

Overall, drought affects ground-dwelling arthropods by altering their community 

composition. Activity periods of some species were changed over time dependent on species, 

which means that some taxa are not present at times they usually are. This, in combination with a 

decreased species richness, implies that taxa that presumably influence the trophic structure, 
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contribute ecosystem functioning, and perhaps serve as essential rare species in the community 

are disappearing, which greatly affects the entire ecosystem (Gascon et al 2015). These findings 

also highlight that drought affects ground-dwelling in a species specific way likely dependent on 

life history aspects. Therefore, the way in which drought affects ground-dwelling arthropods is 

not simple, but it is clear that there are worrisome alterations to the community as well as select 

species. 

 
Limitations & Future Directions 

 
 

Although this study demonstrated changes between drought and non-drought years, there 

are many interactions not taken into account that are necessary to fully understand what is 

happening within these communities. Pre- and post- drought data would have been more ideal to 

monitor changes. Sampling for this study began in July 2014, which was right at the beginning of 

the drought period. Although the aftermath of drought was able to be analyzed, major changes 

may have occurred at the beginning of the drought. Looking at richness, presence, and 

abundance of prior years would help provide a more complete picture of what changes are 

actually occurring. 

Another major limitation to this study is the dataset being partially incomplete. 

Myriapoda taxa, including Chilopoda and Diplopoda, were not included in the final data due to 

sampling errors as well as Formicidae. These groups are major contributors to ground-dwelling 

arthropod richness and diversity that would have been important to include into community 

analysis. As this is an observational study, I cannot assign drought as the direct cause for these 

shifts. Other possible drivers, such as NDVI (Elliott 2020), degree days, or solar index were not 

analyzed in this study. 

Furthermore, as I looked at overall differences between years labeled “drought” and 

“non-drought,” I did not directly correlate precipitation with the community metrics I analyzed, 

but rather grouped years based on drought status. This categorical approach is likely ignoring 

many interactions within the community that could be analyzed. Controlled experimental studies 

would be the only way to confidently pin point rainfall alone as the main driving factor, but there 
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are multiple other drought-associated drivers of community change that are likely playing a role 

in this study. As there are limited studies on drought in relation to ground-dwelling arthropod 

community abundance, diversity, and body size, there is much more to be studied in order to 

fully understand the mechanisms by which drought could have caused these shifts I observed. 

 
Broader Implications 

 
 

Although we can’t conclude drought is the only driver of these community shifts, it is 

clear that there are changes taking place within the community related to drought periods that 

will likely have rippling effects on the rest of the ecosystem. As these ground-dwelling 

arthropods are essential to the trophic structure and nutrient cycling of their habitat, we can infer 

that other organisms are likely affected where we see arthropods affected (Seastedt and Crossley 

Jr 1984). Similar to previous studies on drought effects, my research demonstrates the 

importance of examining community wide effects, rather than a few select species, due to 

species-specific responses of different organisms (Baar et al. 2018, Cady et al. 2019). Not all 

species have the same life history traits and therefore have different sensitivities to disturbance 

that can affect how useful they are as bioindicators. Although some species may appear to 

benefit or be unaffected by drought, the shift in the community as a whole, as seen from the 

dramatic decrease in species richness, is what is altering the natural balance of taxa, therefore 

affecting ecological niches, ecosystem processes, and other essential interactions (Gascon et al 

2015). This, presumably drought adapted, Californian arthropod community was altered by the 

extended severe period of drought, and, as anthropogenic climate change promises longer, more 

intense droughts, it will likely be altered again by the next drought (Cook et al. 2018). Because 

of this, it is important to continually develop this area of study, as has been done for aquatic 

arthropods, to understand and manage the effects extreme droughts will have on California 

ecosystems. 
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