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Invaders Under Our Feet
ANDREW SENSENIG

The biosphere is the living component of the relatively thin layer of air, 
water, and soil that covers our planet. This several miles thick layer swirls 
with life, with organisms drifting in the atmosphere and in the ocean currents. 
Some pathogens drift through the air from host to host, such as the 2019 
novel coronavirus.  Some organisms fly, walk, and crawl from place to place.  

Life has evolved as an interplay of isolation and dispersal of populations. 
The planet is a big place, and many continents have been separated for 
millions of years, producing some unique land organisms on each continent. 
Thus, many parts of the planet retain vestiges of their ancient unique flora 
and fauna. Australia is famous for its collection of diverse marsupials and 
even egg-laying mammals. The Giant Ant-eater and its tree dwelling relatives 
only ranged over the Americas. Ancient separation of the continents followed 
by limited migration via land bridges or driftwood is the best explanation for 
why these animals are only found in some places. 

Range expansion for many species took an exponential rise in very 
recent history with modern transportation such as ships, cars, and airplanes. 
Covid-19 took just months to establish on every continent, thanks to its’ 
human hosts using jet travel. Like coronavirus, many animals have spread 
widely in just the past 500 years.  The house mouse, brown rat, domestic 
cat, dog, pig, wheat, corn, tomato, house sparrow, rock dove (city pigeon), 
and many more are now found across the globe thanks to traveling on ships. 
Some of these now live wild in their new locations. Fresno County contains 
all of these species in a wild or semi-wild state. The arrival times of these 
charismatic species are relatively easy for historians and biologists to track 
over the last few centuries. The spread of some species is greatly facilitated 
by human activity, but it is important to recognize that dispersal is an ancient 
(pre-human) and ongoing process. 

If you were to go out into your garden right now, pick up some dirt, and 
watch the arthropods scurry back into the darkness between your fingers, 
you might see beetles, bugs, centipedes, earwigs, springtails, and many 
more tiny creatures.  Are they descendants of the ancient San Joaquin valley 
residents, or do many of them come from the Old World during the Age of 
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Discovery (post-1492 A.D.)? Soil animals arrived as hitchhikers on the roots 
of European crops and decorative plants. As crops were widely planted or 
certain invasive plants spread through a wild landscape, exotic niches were 
created in the soil which were sometimes better matches for the exotic soil 
animals than they were for natives(Litt et al., 2014; Derraik et al., 2005). 
Many tiny invertebrate animals have been moving around the world, and 
establishing themselves in new soils after the Age of Discovery, but before 
the science of microscopes (1600s), taxonomy (1700s) and ecology (1900s) 
(Lilleskov, 2010).

To find out what the soil was like before the Age of Discovery, we could 
use an old fashioned technique such as finding soil deposits that pre-date 
European expansion and look for remnants of the old fauna.  Fauna with 
skeletons, either internal such as lizards and mice, or external, such as 
insects and arachnids, leave us the best record. But it is much harder to 
identify the paleohistory of soft bodied earthworms or bacteria, and sifting 
through soil for often rare fossils is laborious. New molecular genetics tools 
can shed some light on how recently organisms have arrived to a soil. As a 
population of a species evolves in isolation, it accumulates changes in some 
sections of its DNA. The DNA can be compared to another population of 
the same species and the number of differences attributed to a time length 
of separation. When such a DNA survey was done on the small jumping 
hexapods called springtails (fig. 1) from isolated oceanic islands, many 
of the DNA sequences were exact matches to other islands and to the 
mainland. From the perspective of a geological history time scale, many 
of the springtail species had clearly just arrived! The proportion of species 
introduced by humans was 45-88% (Cicconardi et al., 2017). 

I sometimes require a collection of small invertebrate animals from my 
students. Students almost invariably show up with what are colloquially 
known as pillbugs (fig. 2) and earwigs (fig. 3).  These are common residents 
of the Fresno urban soil. Almost all of the pillbugs and earwigs that my 
students collect are exotic.  The European earwig Forficula auricularia and 
the pillbug Armadillidium vulgare of Fresno are native to the Mediterranean 
regions of the Old World. These species have become naturalized in the New 
World(Langston, 1975).  

The sheer abundance of these two exotic species lends them to their use 
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as live study organisms in my courses, to demonstrate basic principles of 
animal behavior and sexuality. The genus of the pillbug Armadillidium 
was inspired by their ability to roll up into a ball in a manner similar to 
the mammal armadillo of the New World. As adults, the sexes are distinct. 
Sexing of pillbugs is relatively easy, due to distinct structures on sexually 
mature individuals (fig.2). FPU invertebrate zoology student Alex Thampi 
and I discovered that the sex ratio of pillbugs depends on location, with the 
females dominating in his backyard and my backyard and below the ground 
surface on the Fresno Pacific University campus, but with males dominating 
above ground on the university campus. Such skewed sex ratios are also 
reported in the literature, and sometimes caused by bacterial infections that 
turn genetic males into females, with occasional production of intersex 
individuals (Verne et al., 2012; Grandjean et al., 1993). In earwigs, the males 
have a much more curved forceps than the females (fig. 3).

I estimate that about one third of the species in a typical invertebrate 
collection that my students present were introduced to California in the 
last 500 years. Since, the 1850’s, the soil of the Central Valley has been 
drained of its great marshes in order to grow crops. The introduction of many 
exotic animals is therefore just one of many rapid changes to our local soil 
ecosystem. But one can still ask how Fresno soil might be different due to 
the presence of these exotic animals.  Have ecosystem services within our 
soils changed dramatically as a result of exotic pillbugs displacing native 
pillbugs? Does leaf litter decompose faster?  Do fungal populations differ 
due to the pill bug decomposition activities?  Is rainfall absorbed faster by 
soil? Many of the answers to such ecological questions are not known, and 
would be good targets for research projects. I envision some small exclusion 
experiments, in which  0.2 meter x 0.2 meter plots of soil are contained 
within barriers such as screen or ceramic down to a depth of a few feet, 
and exposed to different mixes of arthropod species(McGlynn and Poirson, 
2012). Most soils show high resilience in ecosystem function under slight 
changes in species richness(Nielsen et al., 2011). It is possible that the 
European earwig and common pillbug have minimal impacts on soil function 
in the Central Valley compared to agricultural processes, but this may not be 
the case for some other invertebrate animals around the world in more intact 
habitats. 

Invaders Under Our Feet
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Scientists are convinced, from several lines of evidence, that 1/3 of the 
182 earthworm species in North America are not native, but come from Asia 
or Europe(Blakemore, 2008). Some of the deciduous forests of Canada and 
the northern United States have been relatively free of earthworms since the 
last Ice Age, and the new species of worms may be dramatically changing 
nutrient cycling in the forests, with impacts on plant species diversity(Baker 
et al., 2006). Carbon storage by soil, an ecosystem service of strong interest 
this decade, appears to decrease in the short term under exotic worm 
invasion, but may increase in the long term(Zhang et al., 2013). 

Dung beetles are a set of species famous for their ability to gather dung 
from the pasture surface, and bury the dung in tunnels or holes(Nervo et 
al., 2017).  Since the 1960’s, about 30 species of dung beetles have been 
introduced to Australia to clear cattle dung from pastures, because the 
500 species of  native dung beetles were only adapted to removing dry 
marsupial dung, previously the only large grazers that were present on that 
continent(McKay, 1976).  The new beetles removed the wet cow dung, 
and thus prevented fly breeding, enhanced soil fertility, and reduced some 
diseases in cattle.  The native dung beetle populations have declined, but the 
economic consensus still seems to be that this series of introduction was a 
tremendous success(Pokhrel et al., 2020).

The little creatures of our soil are a vital part of our urban landscape 
and especially our agricultural economy. The residents of our soil have 
potentially changed as much in species composition over the past 500 years 
as the charismatic creatures in the sunlit world above such as livestock 
and crops. Our world is rapidly changing in its ecological properties, 
even compared to geologic time scales. I hope that our global ecosystems, 
especially soil, are resilient in providing for human needs and biodiversity. 
But for the time being, the small creatures of the soil provide fodder for 
wonder and study. 
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Fig. 1. A springtail (Class Hexapoda, Order Collembola) captured in 
a compost bin in Fresno in June 2021. The animal is about 1 mm long. 
The furcula (used to power jumping) is the appendage at the posterior 
of the animal.  The collophore is the short, thick appendage on the first 
segment of the abdomen, and recently proposed to enable control of jump 
direction(Favret et al., 2015). 
 
 

Figure 2. A pillbug, Armadillidium vulgare (Latreille) captured in my 
backyard in Fresno, CA. Animal is about 8 mm long. The exopod of pleopod 
1 is greatly elongated (marked with a black line), indicating that this is a 
sexually mature male.  

Invaders Under Our Feet
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Figure 3. Earwigs Forficula auricularia displayed on pins, a traditional 
method of preserving hard-bodied insects. Three females with relatively 
straight forceps, and a larger male with curved forceps. The females were 
captured in Clovis, CA by Zoie Balver, and the male in Tulare County, CA by 
Emily Becerrill in February 2021. Some of the antennae are broken on these 
specimens, probably post-mortem. Photo by author. 
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