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Oribatid mites as model organisms

(1)The enigma of soil animal
species diversity (1975)

J M_ANDERSON

Department of Zoalogy, Animal Ecology Research Group,
Oxtord .

Why are there so many species ?

Germany : ~ 550
Worldwide: ~ 11,000




Oribatid mites in
earthworm middens
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Oribatid mites in
dead wood
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C. Bluhm et al. (2015) Applied Soil Ecology



Mest prefercnes Mest Soil

Drariava vialin

Oribatid mites in ant nests Epiddameics binubervisiins (Kolonmaki, 1902)° 519 i9) D
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Elo et al. (2016) Insect Conservation




Oribatid mites in beech, ash,
lime, maple and mixed litter
under different tree species

micr. biomass soil ash litter
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Litter complexity and composition are determinants of the
diversity and species composition of oribatid mites
(Acari: Oribatida) in litterbags
Randi A. Hansen". David C. Coleman

Fistinute of Ecology, University of Georgla, Athens, GA 20807, [/5A

Received 26 July 1996; accepled 4 July 1997

Abstract

To investigate the relationship between litter complexity and composition and the diversity and composition of the oribatid
mite fauna inhabiting it an experiment was carried owl at a single forested site in the mountans of North Carolina, USA,
Natural litterfall was excluded from a series of | m® plots and replaced with treatment litters that varied in compaosition and
complexity. Plots of pure birch, maple and cak liter comprised the simple litter treatments. Two complex litters were made of
i mixture of these three litter species and & mixture of seven litter species. Treatment litters were applied to the plots in the
autwmn of 1993 and again in 1994, The onbatid mites extracted from litterbags of the treatment litters from both years are
reporied on here. Mixed litters had a significantly greater varety of microhabitats, as defined by substrate type and fungal
growth form, than did the simple liters, Likewise, the oribatid mite species richness in linerbags of mixed liner was
significantly higher than that in the simple litters, The fauna within replicates of each litter-type were more similar to each
other than to those of other treatments, A third of the mite species tested showed a differential response among the simple
litter-types. These results indicaie a link between heterogeneity and diversity of mites active in a particular horizon of litter
and some influence of litter-type upon species composition. Such patterns in habitat use by adult mites are strong, though not
conclusive evidence of the ultimate role of heterogeneity in maintaining the diversity of oribatid mites. (0 1998 Elsevier




Fungi offered separately Fungi offered simultaneously
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Fig. 1. Number of faecal pellets from 20 oribatid mites of the species Steganacaris magnus (a), Acro-
galumna longipluma (b) and Hypodamaeus riparius (c) from Gottinger Wald deposited close to micro-
fungi during 5 days of incubation. Fungi were offered separately (left column) or simultaneously (right
column). Log-transformed data; HSD, Tukey’s honestly significant difference at p < 0.05 Maraun et al. (1998) Pedobiologia
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Feeding preferences among dark pigmented fungal
taxa (""Dematiacea’) indicate limited trophic niche
differentiation of cribatid mites (Oribatida, Acari)

Katja Schneider”, Mark Maraun
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Figure 1. Total Mumber cof fzecal pellets from all
individuals of the 10 investigated oribatid mite species
deposited close o each investigated turgus (Alfternaria
alternata, Bipolaris spicifera, Chloridium sp., Cladosgor-
ium sp., Codineu sp., Oidiodendron sp., Phialophora

Despite preferences for certain fungal verrucasa, Ulocladiim sp., Marfierefla ramanniana ard
. . . . . Aureobasidgium pulluians) during 1C days of incubation.
species most oribatid mites are best considered Fung were offered simulianeously.  Log- oansformed

“Choosy generalists”. data; hars with different letters are sigrificantly differ-
ent.,



Stable Isotopes (1°N:; 13C)

specialists or generalists?
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) o Predators/scavengers
Microppia minus

Porobelba spinosa

Trichoribates novus P. spinosa

fungal feeders/
second. decomposer

Chamobates birulai Oppiella nova

Passalozetes perforatus

Dissorhina ornata Liebstadia pannonica

.occultus S.sarekensis S. quintus

. . E. occultus S. quintus s_ quintus .
the enigma remains... ' L.pannonica
g ET.tve(;. alatus P. nervosa O MoV L.pannonica
-1rAUS ¢ tardus F. laciniatus P. punctum
E. occultus P. punctum P.punctum
E. tardus H. vindobonensis E. acromfos
P. nervosa
-29 -28 -27 -26 P.nervosa  -25 -24
M. semirufus A. coleoptrata G.obvia T incisellus
(mosses?) L. coracinus .
G.obvia P.ph . L. coracinus
.0 . phaenotus .
P. phaengtus S. laevigatus

G. obvia P.Rhaeno E. cylindrica
cinus

tus .
P.capu S. laevigatus
. S. laevigatus
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T. vel. sarekensis

T. vel. sarekensis
T. vel. sarekensis

L. coracinus

R. ardua
Epilohmannia cylindrica

S. sculptus
Scutovertex sculptus

primary Species with endophagous juveniles
decomposer

lichen feeder

Carabodes willmanni

MaaR et al. (2015) Soil Biology & Biochemistry, grassland
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Trophic plasticity in oribatid mites
(Sumatra, Indonesia)

Specialisation or opportunism?

trophic stability or trophic plasticity?

(measurements on individual level....)
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Trophic stability of soil oribatid mites in the face of environmental

change

Huijie Gan®", Donald R. Zak*", Mark D. Hunter*
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ABSTRACT

A key issue in ecology is the degree to which trophic structure within communities responds to envi-
ronmental change. Organisms with generalist diets are more flexible in their feeding habits than are
specialists, and may be affected less in a changing environment. Soil fauna fulfill crucial ecosystem
functions in terrestrial ecosystems and many are thought to have generalized diets. They may therefore
be buffered from negative effects of environmental change. Here, we used N isotope analysis to study
trophic differentiation among 91 species of oribatid mites and their responses to chronic atmospheric N
deposition. Combining our own measurements with published data, we established that the trophic
positions of mite species were remarkably stable within and among forests, as well as between ambient
and experimental N deposition. Trophic stability indicates a higher than expected level of feeding
specialization, which may foster diversity, but limit the ability to switch food resources in a changing
environment.




(2) The latitudinal biodiversity gradient (the second enigma?)

many more species of bats, amphibians, termites, mammals, fish, plants towards the tropics
(hardly ever studied for below ground animals...)
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species number

The latitudinal biodiversity gradient in oribatid mites

11,000 described species;

~100,000 may exist.....may be not.....
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Maraun et al. (2007) Ecography



Oribatida vs. Coleoptera

Oribatid mites Beetles
Few species: ~11,000 Many species: ~1 Million
Long evolutionary time: ~550 my Short time: ~150 my

(after Grimaldi & Engel, 2004)

,JTime‘ is not an important factor for the diversity of oribatid mites

Why are there so few tropical soil animal species ? This enigma remains as well



Number of species (log scale)

(3) Species area relationships
(another enigma?)
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Fig. 2. Species—area relationhsip of oribatnd mites for islands and countries of the world. Names of the islands are given in the
figure, names of the mainland counrtries (or geographical regions) are indicated by numbers (1 Slovenia, 2 Netherlands, 3
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Canada/USA, 33 former Soviet Union).



Size vs. Metabolic Rate
Mammals

B

log (Matabolic Rato)

Earthquakes: Gutenburg-Richter Scale {log-log)

Other evenis that follow a power law for
[requency-magmiude;
Wars,
% Tixtinctions,
Forest fires
Power blackouts
Telecom outages
Markel crashes

normal \

0 1 2 3 =

log (Body weight)

The power law:

Number of words in English language....
Income in Italy

Commonness of names

Popularity of web sites

Citations of scientific papers

Number of species in biological taxa
Size of moon craters....
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legi Size)

Size doesn‘t matter (no scale)

,Thick/heavy tail“: extreme values are unlikely - but not astronomically unlikely

The enigma of the log-log relationship ........remains



(4) Parthenogenesis & Sex: The last enigma

,t00 many“ parthenogens in oribatid mites...
(Norton et al. 1993, Norton 1994)

10 % of all oribatid mite species are parthenogenetic;
but sometimes 90 % of all indivduals

Martam, B A ). B Kethley, I, E, Johnston, and B M. OCannor
1995, Phylogenctic  perspoclives on penelic systens and
reproductive modes of mies, Pp. 590 in: Evolution and [Hversity
of Sexn Hatio in Insects and Mites (D, L Wrensch and M. A
Ehbben, eds). Chapman & Hall Publ, NY

1

Phylogenetic Perspectives on Genetic
Systems and Reproductive Modes of Mites

Roy A. Norton, John B. Kethley,
Donald E. Johnston, and Barry M. OConnor

From: Mites. Ecological and Evelwtionary Analyser of Life-
History Patterns (M. Houck, ed.). 1994,
5 Chapman & Hall, New York. 357 pp.

Evolutionary Aspects of Oribatid Mite
Life Histories and Consequences for the Origin
of the Astigmata

Roy A. Norton




Microhabitats: much sex on bark (80-90 %)
many parthenogens only in temperate/boreal soils !

Fig. 6 Relative abundance ol e
parthenogenetic mdividuals of g;?
aribatid mites of the forest soil. T
erassland soil. upper bark and B & d
= = 5 3 O
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sall soil bark bark

Fischer et al. (2010) Experimental and Applied Acarology



Microhabitats: Fomitopsis e

List af all aribatid mite species (and their abbreviations used in Fig. 1) found in Fomatopsis pinicola at the four altdnades (350, 580, 820 and
1160 m ). Taxa for which stable isotopes measurements were carrted out are marked in bald.

(99 % sexuals)

Autogneta longifemellata (Michael, 1885} Auro long 350, 580, 520
Bonicsimoma lonceokaio |Michael, 1885 Bank lanc 820

Belbidae (=Damaetdae) Bl i chae 350, 520
Coleremaeus manifipes (Michael, 1882 Cale mani 350, 820
Curnbodes areclutus Berlese, 1916 Cara arco 350, 580, 820, 1160
Carmbodes labyrinthicus { Michael, 1879) Cara laby 350, 520
Carabodes reticulois Berlese, 1913 Cara reti 350, 580, 820, 1160
Curabodes rugosior Berlese, 1916 Cara rugo 350, 580, 820, 1160
Cephents cepheiformis (Nicolet, 1855) Ceph ceph 350, 580

Ceplens dentatus ( Michacl, 1888) Ceph dent 150, 580, 820
Cephens lotus (CL. Koch, 1835) Ceph laiu 580, 820
Chomobates boreolis [Tragardh, 1902) Cham bore 350

Chomobates cuspldanes [ Michael, 1884) Cham cusp 350, 580
Chomobates spinosus Sellnick, 1928 Cham spin 350

Chomobates volgtsi (Cudemans, 1902 ) Cham voig 350, 580, 820
Dolicheremacus dorni [ Balogh, 1937) Dali dorn 150, 580
Haofenrefferin gilvipes (C.L Koch, 1839) Hafe gilv 150

Henmannicllo punciulete Bedese, 1908 Herm punc B20

Juvenile Damasidae Juve Diatna 350

Juwenile Onbarida juwe Grib 350, 580, £20, 1160
Lincwrus coracinus (CL Koch, 1841 ) Liac cora 350, 530

Ligbstadia humerata Sellnick, 1928 Liehs liuime 580

Lighstodia longior ( Berlese, 1908) Lieb long 350, 580, 1160
Mesotritio nuda (Berlese, 18587) Meso muda 150

Mimunthozeres preudofusiger [Schweizer, 1922 Minu pseu 580

Neoliodidae Meoliodidae 350, 820

Oppiella nova (Dudemans, 1902 ) Oppi nova 350, 1160

Oppiidae Oppiitlae 350, 530
Oribatella guadricormmuia Michael, 1580 Orib guacd 580, 820

Orflsatella sexdentata Berlese, 1916 il sl 350, 580
hehiracaridae FFhihiracaridae 350, 320

Ramuselln clovipectinato | Michael, 1885) Ramu clav 350, 580, 820

Maraun et al. (2014) Applied Soil Ecology



More sex at low densities | (counterintuitive)

High densities = many resources?
100

& ¥=14.92 In(x) = 1048

<

O
boreal forests
] oy
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Maraun et al. (2012) Evol Ecol Res



Parthenogenese in

Ordination (DCA)
(all oribatid mite species nan
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Maraun et al. (2019) Ecology and Evolution, under review



Where are all the parthenogens
located in the phylogeny?

Old taxon ¢

ot
;

> fossils from ~440 mya




The ,backbone” (red = sex)

....tends to be sexual

....with many switches to
parthenogenesis

Drackwpying

— Parthenogenetic radiations....
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and some cases of re-evolution of sex....

C—————1 parthenogens

P sexuals

Pachl et al., under heavy construction



Is soil ecology really ecology?

Against all odds:

(1) Too many soil living species

(2) Too few species in the tropics

(3) Trophic generalists, with a 1°>N/13C niche (Choosy generalists?)
(4) Too many parthenogens

(5) Parthenogenetic radiations

(6) Non-adaptive radiations ?

(7) Re-evolution of sex (frequently); against Dollo‘s law

(8) Parthenogens in the ,wrong” habitats (old, stable systems)

Many strange patterns; more data/experiments needed....
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many resources
= parthenogenesis
(Scheu & Drossel 2007)

does that solve the enigma?
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