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Hundreds of thousands of little creatures live in soils. Some eat live
plants, live animals, or both. Others, called decomposers, consume

SASYAK dead plants, and the waste of other living beings (their feces and their

AGE: 12 dead bodies), and transform them into food for plants. The health of
soils depends largely on the presence of decomposers, and thus it is
necessary to study how these creatures may be affected by climate
change. To this end, we built a new type of traps to catch live soil
animals, which we called cul-de-sac and basket traps. Here, we show
how these traps are better for studying animal activity (how much
they move in the soil) compared to the most used devices to date,
pitfall traps. Comparatively, our traps capture more active animals
and prevent predators from killing prey inside, which willimprove the
accuracy of future studies all over the world.
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SOIL FAUNA

The set of animals that
live within or on top of
the soil (springtails,
mites, spiders,
centipedes,
earthworms, etc.). This
contrasts to soil
microbiota (bacteria
and fungi) also
important for

soil functioning.

LEAF-LITTER

The top soil layer of
dead leaves (1 cm—1m
depth) in terrestrial
ecosystems, such as
forests and scrublands,
which provides habitat
and food to a large
diversity of organisms.

FOOD WEB

A natural network of
connections
(interactions) among
organisms that feed on
each other.

VIDEO 1

An illustrative video of a
crumbling food web as
a "house of cards.”
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WHY ARE LIVING BEINGS SO IMPORTANT FOR SOILS?

Soils are largely unknown universes, complex systems formed by a
mixture of air, minerals, organic compounds, and living organisms
that are related to each other and with the environment. These
relationships between living beings are called interactions, which
take place when organisms communicate, feed on each other or
pollinate flowers, among others. Currently, we do not know how many
species of animals, fungi, and bacteria live in the first four meters
of soil (Figure 1, soil profile); but we do know that soils contain the
greatest biodiversity on Earth, with about 1.5 million described species
out of a total of an estimated 2 billion. Among this overwhelming
biodiversity, soil fauna perform many important functions necessary
for both soil health and human well-being [1]. For example, one of
these functions is the decomposition of dead animals and plants, a
process in which dead matter is transformed into food from which
plants feed on (Figure 1, orange arrows). Without decomposer animals
healthy soils would disappear, and both wildlife and humanity would
be affected. Moreover, some of these animals act as ecosystem
engineers, creating, modifying, and maintaining the soil structure (as
ants or earthworms when digging holes). Other soil-living animals
are natural enemies of pests, helping farmers to protect their crops.
Therefore, a soil with greater abundance and diversity of fauna will
provide more benefits and this is why these organisms are good
indicators of soil health [2]. Hence, sampling and analyzing these
creatures is essential if we are to understand and preserve the soils
and the functions they supply.

THE IMPORTANCE OF LEAF-LITTER FOOD WEBS

About 97% of the species of soil fauna are invertebrates, animals
without an internal skeleton such as nematodes, potworms,
earthworms, slugs, or snails. We mostly like to study a type of
invertebrates that often live in the leaf-litter layer and that have
external skeletons, segmented bodies, and pairs of appendages with
joints: the arthropods. These animals can vary widely in size from
very tiny to larger than a hand. Soil arthropods are grouped into two
size categories: mesofauna (0.2—-2.0 mm) such as mites and springtails,
and macrofauna (>2.0 mm) such as spiders, beetles, centipedes, and
millipedes (Figure 1, grey boxes). All these animals organize around
what we call food webs, in which predator-prey relationship take place
governed by the rule that "big fish eats little fish;" that is, larger species
prey (kill and feed) on several smaller ones, while small species prey
on even smaller species or on the offspring of larger ones (Figure 1,
black arrows). This interdependence among species means that food
webs are fragile systems, in which the extinction of one species can
cause the extinction of others, making the entire food web to crumble
as a "house of cards” (Video 1). Therefore, studying the functioning of
food webs is crucial for soil health monitoring.
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Figure 1

The leaf-litter food
web. The abundance
and diversity of soil
fauna is critical for soil
health. Black arrows
show “who eats
whom,” and organisms
can be classified into:
(1) primary
decomposers that
directly feed on the
leaf-litter; (2) secondary
decomposers that feed
on primary
decomposers; (3) small
predators that feed on
primary and secondary
decomposers; and (4)
large predators that
feed on small predators
and large
decomposers. Orange
arrows show the
decomposition
process, by which dead
matter is transformed
into food from which
plants feed upon. To
complete the
decomposition process
of the falling leaves
(brown arrow), sunlight,
rainfall and a good
airflow are also
necessary.

ACTIVITY

The amount of animal
movement per unit of
time (minutes,

hours, etc.).
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USING TRAPS TO MEASURE THE ACTIVITY OF LEAF-LITTER
ARTHROPODS

Not all soil animals search food at the same time, nor for the
same amount of time, which determines which animals encounter
and interact with each other in the soil. Therefore, predator-prey
interactions in food webs could be influenced by the activity patterns
(e.g., diurnal or nocturnal) of different animals. Our main goal is
to study the activity of leaf-litter arthropods using different types
of traps. The use of traps for measuring animal activity may be an
appropriate approach to monitor the functioning and health of soils.
Even so, it is still unclear if trap catches are an estimate of activity,
abundance, or a mixture of both [3]. This is because traps in a location
with more arthropods will catch a larger number of them if they are
more abundant, but also if they move around for longer time (that
is, because they are more active). Since the early 1900s, the standard
method for collecting soil fauna and measuring the abundance and/or
diversity of soil arthropods has been the use of pitfall traps. These traps
consist of cups buried in the soil in which fauna crawling through the
leaf-litter fall. The cups are usually partially filled with a liquid to kill and
preserve the trapped organisms. Besides pitfall traps, there are other
methods of sampling abundance and/or diversity of soil arthropods
[4]. In our study, we were interested in assessing the activity—not just
the abundance—of soil arthropods. Therefore, we used pitfall traps
without preservative liquid, which allowed collecting live specimens
that could be returned to the leaf-litter.
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However, pitfall traps have many problems, including the fact that
animals that are too small or too large do not fall into them, either
because they are longer than the trap entrance or so small that
they detect the edge of the trap and move away from it. Some
animals can even walk on the trap walls without falling in. This means
that pitfall traps might not give us good estimates of the entire
leaf-litter community, which could lead to improper conclusions
about predator-prey interactions when using pitfall traps [3]. Thus, we
developed two new trapping devices to improve the monitoring of
animal activity, small mesh fabric bags in the shape of a sock named
“cul-de-sac” traps, and square baskets made of wireframe similar to
a box with holes without a lid named “basket” traps [5], in which the
transition between the edge of the trap and the surrounding litter is
less noticeable to soil animals than in pitfall traps.

DISTINGUISHING ACTIVITY FROM ABUNDANCE

Our main goal was to find which traps were better at monitoring
animal activity, by means of distinguishing abundance (how many
animals are there) from activity (how much do they move). We use
traps to estimate activity; that is, animals that fall inside a trap while it
is placed in the field should reflect how much they move. However,
things are not this simple. For instance, the number of animals directly
captured in the leaf-litter is an estimate of their abundance; that is,
the quantity of animals present regardless of the moment. Hence,
differently than activity, abundance is not affected, for instance, by the
weather conditions of the day of the experiment in which we capture
the animals. And this is when things get tricky: animal abundance
affects how many animals are caught in the traps regardless of their
activity. Therefore, in order to differentiate activity from abundance,
we had to count and classify the arthropods inside the traps (activity)
and within the leaf-litter outside the traps (abundance). This distinction
Is very important because the measure of soil arthropod activity cannot
be done without knowing the abundance. Imagine one location in
the soil inhabited by 2 individuals of a species (Spl) of very active
beetles that move around a lot, and by 20 beetles of a very abundant
but sedentary species (Sp2); i.e., that do move very little. If our
traps collected 2 beetles of each species in that location, we would
conclude that the activity of both species was similar. However, in
reality the 2 individuals of the former species (Spl) would be caught
by their high activity, while the second two (Sp2) would be caught
because this species is much more abundant. Just because Sp2 is
present in large numbers two are caught in the traps, even though
these beetles move much less. An independent measurement of
abundance serves the researchers to correct for these differences and
have accurate measurements of activity.
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MESOCOSM

A device, normally
placed outdoors, that
encloses part of an
ecosystem and allows
scientists to control
parameters, such as
rainfall, more
realistically than in

laboratory experiments.
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SETTING UP OUR MESOCOSM EXPERIMENT

In the spring of 2013, we conducted an experiment in 4 beech forests
(Fagus sylvatica L.) from the Cantabrian Mountains, Spain (Figure 2A).
Beech trees have relatively large leaves that fall in autumn, forming
a leaf-litter layer often deeper than 10cm, which is shelter to large
numbers of arthropods [6]. Working in soils with leaf-litter offers a
great advantage: animals live and are active in superficial layers of
the soil during most of the time, while in the soils of other terrestrial
ecosystems the fauna is mostly active in deeper layers, from which it
is difficult to trap live animals.

All traps used in the study were handmade. Pitfall traps (Figure 2C, left)
consisted of a plastic cup with the base cut and a fabric attached at
the bottom to prevent small animals from escaping while allowing
water to drain out. This fabric was very fine, with a mesh of about
200 uwm. In addition, to minimize the entry of sunlight as to mimic the
dark conditions within the litter, a wooden square cap was placed on
top of each pitfall trap in the leaf-litter. Cul-de-sac traps (Figure 2C,
center) were made firm by sewing an oval-shaped wire around the
mouth trap. The fabric of these bags was the same as that used for
the pitfall traps. Basket traps (Figure 2C, right) consisted of 20 x 20
x 7 cm wireframe baskets of 1 x 1.cm mesh. Once we built all traps,
we placed several square shaped metal enclosures buried in the forest
leaf-litter, named mesocosms (Figure 2B). We then collected leaf-litter
in the surroundings of each mesocosm, removed all fauna from this
litter in the laboratory, filled all traps with this litter free of fauna, and
finally placed all traps in the field. Cul-de-sac and basket traps were
embedded in the litter layer within the mesocosms, and pitfall traps
were buried in the mesocosm soil (Figure 2D). In total, 4 mesocosms
were placed in each forest, each with 4 pitfalls, 2 cul-de-sac, and
2 basket traps (Figure 2E). To begin our observations with similar
moisture conditions in the traps and the surrounding litter, we placed
roofs on the mesocosms to block all rainfall 15 days in advance.
This procedure provided with uniform moisture conditions within the
mesocosms, ensuring that animals were not moving to seek for, or to
avoid humidity.

After collecting the samples from the traps and the leaf-litter outside
the traps, five steps were then followed in the laboratory: (1) we
weighed the leaf-litter of each sample (wet weights); (2) we removed
and counted the arthropods; (3) using a dissecting microscope
we classified the arthropods according to their size (macrofauna
vs. mesofauna), diet (predators vs. prey) and main group (mites,
springtails, spiders, centipedes, millipedes, or beetles); (4) we dried
the leaf-litter of each trap and weighed it again (dry weights); and (5)
we calculated the water content within each trap from the difference
between wet and dry leaf-litter weights. We used statistical tools to
reach conclusions from the numerical data that we obtained from
the field. We needed to use these tools for including a correction
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Figure 2

Our experimental
setup. (A) Our study
was conducted in 4
beech forests in
Asturias, Spain. (B) We
set up mesocosms that
were partially buried in
the soil, each with a
fiberglass screen on
top to prevent the
escape of arthropods
and a plastic roof to
block rainfall. (C) Each
mesocosm contained
“pitfall” traps and the
new “cul-de-sac” and
“basket” traps. (D) Pitfall
traps were buried in the
soil, whereas
cul-de-sac and basket
traps were embedded
within the leaf-litter
layer. (E) Top-down
view of a mesocosm
with 4 pitfall, 2
cul-de-sac and 2
basket traps
(photographs and
some drawings were
reused from the
Original Source Article).
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for abundance (see the above section), ensuring that we were testing
for differences in activity and not in abundance [7]. In summary, we
tested the activity of each group and if some trap types captured some
groups more than others. For instance, we compared the catches of
large (macrofauna) vs. small (mesofauna) animals, as well as those of
predators vs. prey. With this set of comparisons, we could assess what
kind of trap works better for studying arthropod activity.
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Figure 3

What type of trap best
measures the activity of
leaf-litter fauna? To
estimate the natural
abundance of
arthropods, we
collected 5 samples of
leaf-litter from each
mesocosm. We also
collected pitfall,
cul-de-sac and basket
traps to estimate
arthropod activity.
Compared to the new
traps, pitfall traps: (A)
retained twice the
amount of water as the
other two traps; (B)
captured 20-33% the
amount of animals per
unit of time; for
example, per hour, than
the new traps; (C)
caught more
macrofauna than
mesofauna; and (D)
caught more predators
than prey. This told us
that the new traps are
better measuring the
activity of soil
arthropods
(photographs and
some drawings were
reused from the
Original Source Article).
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WHAT TYPE OF TRAP BEST MEASURES ACTIVITY?

Through our experiments, we found that cul-de-sac and basket traps
performed better than pitfalls trap. First, pitfall traps retained almost
twice the amount of water than cul-de-sac and basket traps, which
could result in attraction for some animals or repulsion for others.
Additionally, the litter in these new traps had similar water content
than that in the surrounding litter outside the traps (Figure 3A). Second,
cul-de-sac and basket traps caught around 3-5 times more animals
per unit time, for example per hour, than pitfall traps. Thus, the latter
underestimated the activity of leaf-litter fauna (Figure 3B). Third, pitfall
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traps captured more macrofauna than mesofauna and more predators
than prey. This means that the predators that fell into the pitfall traps
could have eaten some of the smaller fauna before we collected the
traps (Figures 3C,D). Therefore, we concluded that cul-de-sac and
basket traps performed much better than pitfall traps.

WHY DO THESE NEW TRAPS MATTER?

Our new cul-de-sac and basket traps are promising tools for soil
ecologists, since they perform much better than pitfall traps, which
have been widely used to assess abundances over the last century.
These new traps will help scientists to more accurately estimate
the activity of soil arthropods, which will improve our knowledge of
terrestrial ecosystems with leaf-litter. Besides these are cheap devices
that one can easily build him/herself (with fabric, wires, plastic, and/or
metal meshes of different sizes, some glue, and leaf-litter), allowing
one to learn more about soil animals and, therefore, about the health
of ecosystems. These new traps capture animals more efficiently,
minimize the predation on small ones and do not attract/repel animals
because of differences in moisture between trap and the surrounding
leaf-litter. In addition, these traps can not only be used in soils with a
deep leaf-litter layer (like forests or jungles), but also in any ecosystem
that has a well-defined leaf-litter layer, such as under shrubs in scrubs
and savannas. This work is also very important because we need to
understand how climate change may negatively affect food webs
(feeding interactions among species) and the important functions and
benefits that soil ecosystems provide. We are already working on it,
through tools like these new traps and field experiments in which we
modify rain or predators. Thus, we should not miss this opportunity
and get to know the wonderful but hidden soil fauna. Because it is
everyone's heritage and because it protects us all, now more than ever
we have to study and preserve the soils and the life they host.
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