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Annex

KEY ON SOIL MACROFAUNA

NO LEGS

1.NON-SEGMENTED, CLEAR HEAD WITH TENTACLES: MOLLUSCA
a) With shell (Fig. 1)
b) Without shell (Fig. 2)

L R 4 Y T R
Fig.1: Mollusca with shell: Snails Fig.2: Mollusca without shell:
Slugs

2.SEGMENTED
a) Worm-like, more than >15 body segments, pigmented:
» Earthworms (most > 20 mm long) (Fig. 3)
» Suckers at both ends of flattened body — Hirudinea (leeches) (Fig. 4)

Fig.3: Earthworm Fig.4: Hirudinea (leeches)

b) Not worm like, less than < 15 segments
» Beetle larvae, generally with strongly developed head capsule (well-
developed coronal structure). Often U-shaped and more or less swollen.

(Fig. 5)
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» Diptera larvae, often without strongly developed head capsule. Long
and thin, not U-shaped (Fig. 6)

Fig.6: Diptera larvae (larvae of certain flies)
LEGS

1.NO WINGS
» 3 pairs of legs: insect
* Caterpillar-like - soft and fleshy body
— Pseudo-legs (4 pairs or fewer): Lepidoptera larvae (butterfly
larvae) (Fig. 7)
— No pseudo-legs: Beetle larvae (often U-shaped “grubs”) (Fig. 8)

Fig.7: Lepidoptera larvae Fig.8: Beetle larvae
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* Abdomen > 6 segments, > 4 segmented antennae
— Conspicuous pronotum (the upper dorsal plate of the first
segment of thorax):
1. Pronotum saddle-shaped, not projecting forward:
Orthoptera (grasshoppers) (Fig. 9)
ii.Pronotum not saddle-shaped, projecting forward over head:
Blattaria (cockroaches) (Fig. 10)

Fig.9: Orthoptera Fig.10: Blattaria

— Pronotum not conspicuous:
1. Mouthparts formed into sucking tube held under body, no
palps: Hemiptera (such as lace bugs, aphids and woodlice)
(Fig. 11)

Fig.11: Hemiptera

ii.No tube, palps: Abdomen ends in a certain number of cerci
(paired appendages on the rear-most segments of many
arthropods) either:

a) 2 cerci
* Curved into pincers: Dermaptera (earwigs) (Fig.12)
* Long and thin, at least 1/3 length of abdomen, projecting
from tip, Antenna short - < 2 x head width: Coleoptera
larvae (Fig. 13)
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A

Dermaptera (earwigs) (Fig.12)

* Short — maybe located forward of tip
of abdomen:

» Antenna long, 8 segments: Isoptera
(blind poorly pigmented, sometimes with large
mandibles [soldiers], legs fully developed, tropics and
subtropics) (Fig. 14)

Fig.13: Coleoptera larvae Fig.14: Isoptera

» Antennae short, < 6 segments: Beetle larvae, flat, short
antennae (< 8 segments) (Fig. 15)

Fig.15: Beetle larvae
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b) No cerci; with a certain number of antennal segments:
* <6 antennal segments, with 3 clear thoracic segments:

Beetle larvae (F1g. 16)

Fig.16: Beetle Torax

* >10 antennal segments, with wasp waist,
» with1-2 petioles: Ants (Fig. 17)

Fig.17: Ants

» no petiole: other Hymenoptera (bees and wasps)
* >10 antennal segments, with wasp waist,
» Long and thin: Phasmida (stick and leaf insects) Fig.
18)
» Long antennae, small: Psocoptera (bark lice) (Fig. 19)

Fig.18: Phasmida Fig.19: Psocoptera
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» Short antennae: Beetle larvae or wingless adults
(F1g.20)

Fig.20: Beetle larvae or wingless adults

> 4 pairs of legs: Arachnida (sometimes pedipalps —the second pair of
appendages of the head and thorax section- look like an extra pair)
® Thorax and abdomen separated by a constricted waist, pedipalps
without claws: Spiders (Fig. 21)
® Thorax and abdomen fused into one, without pedipalps
— Body clearly segmented, with ocularium (eye-area tubercle):
Opilions (very spider-like) (Fig. 22)

Fig.21: Spiders Fig.22: Opilions
— Body not segmented, without ocularium: Acarina (mites and
ticks) (Fig. 23)

Fig.23: Acarina (mites)
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e Pedipalps with claws
— Large claws, telson (sting): Scorpions (Fig. 24)
— Small claws, without telson: Pseudoscorpions (Fig. 25)

Fig.24: Scorpions Fig.25: Pseudoscorpions

» 6/7pairs of legs: Isopoda (Fig. 26)

Fig.26: Isopoda

» more than >15 pairs of legs:
* One per segment: Chilopoda (centipedes, generally flattened) (Fig.
27)

Fig.27: Chilopoda
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* Two per segment: Diplopoda (millipedes) generally more rounded,
usually > 30 pairs of legs): (Fig. 28)

S
.‘ ;!
*“‘ﬁ

Fig.28: Diplopoda

2. WITH WINGS

a) 2 wings; no appendage: Diptera adults
(with halteres —small knobbed paired structures—) Fig. 29. Diptera

F1g.29: Diptera

b) 4 wings
» Mouthparts modified into sucking tube, no palps: Hemiptera (Fig.30)
» Biting mouthparts, palps

Fi1g.30: Hemiptera
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e Forewings hardened to form a wing case

— Hind legs long
1. Hind legs modified for jumping, head not partially covered
by pronotum: Orthoptera (Fig. 31)
ii.Hind legs not modified for jumping, head partially covering
pronotum: Blattaria (Fig. 32)

Fig.31 Orthoptera Fig.32: Blattaria

— Hind legs short
i. Abdomen with terminal pincers: Dermaptera (Fig. 33)

Fig.33: Dermaptera
ii.No pincers: Coleoptera (Fig. 34)

Fig.34: Coleoptera



94 Soil macrofauna field manual — technical level

e Forewings not hardened - hind legs modified for jumping,
pronotum saddle shaped: Orthoptera (Fig. 31)

¢) Other winged groups are rarely found in hand-sorted soil samples, but
examples are shown: Lepidoptera, Hymenoptera,etc. (Fig. 35)

Fig.35: Hymenoptera



Glossary

Anecic

Anecic invertebrate species remove litter from the soil surface through their
feeding activities. Considerable amounts of soil, mineral elements and organic
matter may be redistributed through these activities, accompanied by physical
effects on soil structure and hydraulic properties. Earthworms (large, dark antero-
dorsal pigmentation and very muscular, with a wedge-shaped tail) and non soil-
feeding termites are the main groups in this category, but also some arachnids.

Arthropods
Invertebrate animals (such as insects, arachnids, or crustaceans) having an
exoskeleton, a segmented body and jointed limbs.

Autotroph (from the Greek autos = self and trophe = nutrition)

An organism that produces organic compounds from carbon dioxide as a carbon
source, using either light or reactions of inorganic chemical compounds, as a source
of energy. An autotroph is known as a producer in a food chain. Plants and other
organisms that carry out photosynthesis are phototrophs (or photoautotrophs).
Bacteria that use the oxidation of inorganic compounds such as hydrogen sulphide
or ferrous iron as an energy source are chemoautotrophs.

Biogenic
A physical structure that is produced by living organisms or biological activity
with important consequences in soil and ecosystem processes.

Bioremediation

The process by which living organisms act to degrade hazardous organic
contaminants or transform hazardous inorganic contaminants to environmentally
safe levels in soils, subsurface materials, water, sludges, and residues.

Bioturbation
The translocation of soil material within the soil profile mixing of above-ground
litter with the mineral soil by animals or plants (roots).

Coprophagous
Feeding on dung or excrement (from the Greek copros = faeces and phagein =
eat).
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Decomposition
The biochemical breakdown of organic matter into organic compounds and
nutrients, and ultimately into its original components.

Detritivore

Also known as saprophage, detrivore or detritus feeder (from the Latin, detritus
= rubbed or worn away; vorare = to devour). It refers to an organism which feeds
upon organic detritus of plant or animal origin, such as epigeic earthworms or
dung beetles.

Diazotrophic
Organism that can use dinitrogen as its sole nitrogen source, i.e. capable of N,
fixation.

Endogeic

Endogeic invertebrate species live in the soil and feed on organic matter and dead
roots, also ingesting large quantities of mineral material. The two main groups
are earthworms (light or no pigmentation and slow movers) and soil-feeding
termites.

Entomopathogenic (from the Greek entomon = insect, and pathogenic =
causing disease)
Insect-attacking organism.

Epigeic

Epigeic invertebrate species live and feed on the soil surface. These invertebrates
affect litter breakdown and nutrient release. Mainly arthropods, for example: ants,
beetles, cockroaches, centipedes, millipedes, woodlice, grasshoppers, together
with gastropods (snails/slugs) and small or medium-sized entirely pigmented
earthworms (dark red, green or brown colour, fast movers).

Exudates
Soluble sugars, amino acids and other compounds secreted by roots.

Heterotroph
An organism able to derive carbon and energy for growth and cell synthesis by
utilizing synthesized organic compounds.

Humivorous
Organism feeding on the organic soil component.
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Humus

It is the well-decomposed, relatively stable part of the organic matter, usually dark
coloured. The term may refer to decaying plant material in advanced stages of
decomposition; or the last stage of decomposition process, the humic compounds,
i.e. where the more recalcitrant carbon components are found.

Invertebrate
Animal without a backbone (dorsal spine).

Litter
Upper layer of organic debris on the soil surface, essentially the freshly fallen or
only slightly decomposed material (leaves, branches, bark fragments, twigs, etc).

Macro-invertebrates
Animals lacking a backbone and internal skeleton and that are visible to the naked
eye, 1.e. > 2 mm long, such as snails, earthworms, and insects.

Micro-arthropods

Micro-arthropods are small invertebrates (< 2 mm) with an exoskeleton. The
most well known members of the micro-arthropod group are mites (Acari) and
springtails (Collembola).

Micro-organism (microbe)
Living organism too small to be seen with the naked eye (< 0.1 mm); includes
bacteria, fungi, protozoans, microscopic algae, and viruses.

Mineralization

The conversion of organic compounds into inorganic, plant-available compounds
such as nitrates. This is accomplished by soil organisms as they consume organic
matter and excrete wastes.

Muich

The organic residues that are kept in the soil surface, not only to protect the soil
from raindrops, but also to enhance infiltration, avoid weed development and
provide nutrients to the soil.

Mycorrhiza (pl. mycorrhizae) - (from the Greek, mycos = fungus and
rhiza = root)

The symbiotic association of certain fungi with roots. The fungi receive energy
and nutrients from the plant. The plant receives improved access to water and
some nutrients. Except for Brassicas (mustard, broccoli, canola) and Chenopods
(beet, chard, spinach), most plants form mycorrhizal associations.
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Necrophagous - (from the Greek, nekros = dead and phagein = to
devour)
Pertaining to those organisms that feed on dead and/or decaying animals.

Organic matter
Any material that is part of, or originated from, living organisms. It includes plant
residue, mulch, compost, and other materials.

Parasite
Organisms that live temporarily or permanently on or within other living
organisms (plant or animal hosts) for the purpose of obtaining food.

Parasitism

A two species association in which one species, the parasite, lives on or in a second
species, the host, for a significant period of its life and obtains nourishment from
it. The parasite may or may not cause death to the host.

Pedogenic
Related to soil forming processes.

Pedology
The scientific study of soils, including their origins, characteristics, and uses form
a physical point of view.

Phytoparasitic
Parasite on plants.

Phytophagous

Feeder on plants or materials of plant origin.

Phytosaprophagous
Feeding on decaying vegetable matter.

Predator
An animal that feeds on other animals.

Pronotum
The upper (dorsal), often shield-like, hardened body-wall plate of the prothorax,
located just behind the head of an insect.

Rhizobacteria
Bacteria that colonize roots.
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Rhizobia

Bacteria able to live symbiotically in roots of leguminous plants, from which they
receive energy and often utilize molecular nitrogen. Collective common name for
the genus Rhizobium.

Rhizophagous
Feeding on roots.

Rhizosphere

The area that is immediately (1-2 mm) around plant roots, including the roots
itself. This is an area of intense microbial activity, where plants, microorganisms,
other soil organisms, and chemistry, interact in complex ways.

Root nodule

A knoblike growth occurring on the roots, especially of leguminous plants, in
which bacteria fix the atmospheric nitrogen and make it available in inorganic
form for the plant.

Saprophagous (from the Greek, sapros = rotten and phagein = to eat)
Pertaining to organisms which feed on dead or decaying animal or vegetable
matter.

Soil aggregation

The process whereby primary soil particles (sand, silt, clay) are bound together
into large particles (soil aggregates), with secondary soil materials such as iron
oxides, silica or organic matter, by physical and chemical forces and/or substances
derived from root exudates and microbial activity. Soil aggregates are the building
blocks of soil structure.

Soil macrofauna

Soil organisms visible to the naked eye (>2 mm diameter) that include those
invertebrates that live in, feed in or upon the soil, the surface litter and their
components (snails, earthworms and soil arthropods like ants, termites, millipedes,
centipedes, pillbugs and other crustaceans, caterpillars, cicadas, ant-lions, beetle
larvae and adults, fly and wasp larvae, earwigs, silverfishes, spiders, scorpions,
crickets and cockroaches). A soil macrofauna group is an invertebrate group found
within terrestrial soil samples which has more than 90 percent of its individuals
visible to the naked eye.

Soil mesofauna

Soil organisms generally ranging in size from 0.1 to 2 mm in diameter. These
include mainly micro-arthropods, such as pseudo-scorpions, protura, diplura,
springtails, mites, small myriapods and the worm-like enchytraeids. Mesofauna
have limited burrowing ability and generally live within soil pores, feeding on
organic materials, microflora, microfauna and other invertebrates.
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Soil microfauna

Soil-dwelling micro-organisms that cannot be seen with the naked eye (<0.1 mm
diameter) extremely abundant, ubiquitous and diverse. The microfauna includes
nematodes, protozoa, turbellarians, tardigrades and rotifers that generally live in
the soil water films and feed on microflora, plant roots, other microfauna and
sometimes larger organisms (e.g., entomopathogenic nematodes feed on insects
and other larger invertebrates).

Soil microflora
The microflora includes algae, bacteria, archaea, cyanobacteria, fungi, yeasts,
myxomycetes and actinomycetes that are able to decompose almost any existing
natural material.

Soil organic matter (SOM)

The total organic matter in the soil. It can be divided into three general pools:
living biomass of microorganisms, fresh and partially decomposed residues (the
active fraction), and the well-decomposed and highly stable organic material
(passive fraction). Surface litter is generally not included as part of soil organic
matter.

Soil resilience
The capacity of a soil to recover its functional capacity after a disturbance.

Thorax
The insect body region behind the head which bears the legs and wings.

Vermicomposting (Lombricompostage)

Composting system based on intensive management of worms, usually in
specialized containers. The soil-like by-product resulting from worms digesting
organic matter can in turn be applied to plants.



Soil organisms are an integral part of agricultural ecosystems. The presence of a range of
a diverse community of soil organisms is essential for the maintenance of fertile soils and
productive lands for agriculture and forestry. However, one of the main gaps in agricultural
management systems is the lack of awareness and understanding and hence inadequate
management of soil biological processes to maintain and improve soil productivity. Soil
organisms are responsible for a range of ecological functions and ecosystem services
including: nutrient cycling and nitrogen fixation, control of pest and diseases, organic
matter decomposition and carbon sequestration, maintenance of a good soil structure
for plant growth and rainwater infiltration, detoxification of contaminants. An excessive
reduction in soil biodiversity, especially the loss of species with key functions, may result
in long-term degradation of soil and the loss of agricultural productive capacity. This
manual provides information to help technical level staff, researchers and educators to
assess soil health status, and provides some methods, tools and advice on how to sustain
and improve soil quality under different farming systems. A major focus is placed on soil
macrofauna, the visible part of the surprisingly rich soil life, and its activities in agricultural
soils, as this is, firstly, reasonably representative of soil biodiversity as a whole (including
micro- and meso-organisms and populations) and, secondly, is the part of soil life that can
be readily observed and monitored in terms of effects of various management practices.



