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Abstract: In recent decades, refforestation with non-native species has been a common practice in Europe. In the particular case of 
Spain, the effects of the plantation of exotic tree species such as larch or non-native pine in native oak and beech forests on the 
communities of oribatid mites, springtails, and nematodes have been studied, but little is known of their influence on Mesostigmata 
mites. In the current study we examine the mesostigmatid mite communities of two Japanese larch (Larix kaempferi (Lamb.) Carr.) 
plantations and an oak forest (Quercus pyrenaica Willd.) to compare the mite assemblages and to determine if the replacement of 
tree species affects the soil’s Mesostigmata populations. A total of 2752 mites belonging to 56 species of 17 families were collected. 
There were differences in the diversity and species composition of the assemblages. A total of 13 species are first records for the 
Iberian Peninsula: Gamasellodes bicolor, Geholaspis longispinosus, Geholaspis mandibularis, Pseudoparasitus dentatus, 
Pachyseius angustiventris, Holoparasitus obsoloni, Paragamasus disparinas, Paragamasus longisetosus, Amblyseius filixis, 
Veigaia bouvieri, Discourella baloghi, Trachytes eustructura and Urodiaspis tecta.  
Key words: Acari, Mesostigmata, community structure, diversity, Larix kaempferi, Quercus pyrenaica, Navarra, Spain. 
 
La comunidad de ácaros Mesotigmata en dos plantaciones de alerce japonés (Larix kaempferi) y en un robledal (Quercus 
pyrenaica) de Navarra (norte de España) 
Resumen: La plantación de especies no nativas ha sido una práctica común en Europa en las últimas décadas. En el caso concre-
to de España, se han estudiado los efectos de plantaciones con alerces y pinos no nativos sustituyendo a robledales y hayedos na-
tivos sobre las comunidades de oribátidos, colémbolos y nemátodos, pero poco se conoce de sus efectos sobre los ácaros Meso-
stigmata. En el presente estudio, se examina la comunidad de Mesostigmata en dos repoblaciones con alerce japonés (Larix 
kaempferi (Lamb.) Carr.) y en un robledal (Quercus pyrenaica Willd.) con el fin de comparar sus grupos diagnósticos y determinar si 
la sustitución de la especie de árbol afecta a las poblaciones de los Mesostigmata en el suelo. Se recolectaron un total de 2752 
ácaros pertenecientes a  56 especies de 17 familias. Se encontraron diferencias entre las diversidades y la composición de espe-
cies de los agrupamientos. Se citan por primera vez para la Península Ibérica 13 especies: Gamasellodes bicolor, Geholaspis long-
ispinosus, Geholaspis mandibularis, Pseudoparasitus dentatus, Pachyseius angustiventris, Holoparasitus obsoloni, Paragamasus 
disparinas, Paragamasus longisetosus, Amblyseius filixis, Veigaia bouvieri, Discourella baloghi, Trachytes eustructura y Urodiaspis 
tecta. 
Palabras clave: Acari, Mesostigmata, estructura de la comunidad, diversidad, Larix kaempferi, Quercus pyrenaica, Navarra, Espa-
ña. 

 
 
Introduction 
 
Reforestation with Eucalyptus L'Hér., Pinus halepensis Mill., 
Pinus nigra Arnold and Larix kaempferi (Lamb.) Carr. in the 
Mediterranean shrub, oak and beech forests of northern Spain 
has already been studied and its effects on their oribatid mite 
(Acari: Oribatida), springtail (Insecta: Collembola), and nem-
atode soil communities tested (Iturrondobeiti & Saloña, 1985; 
Jordana et al., 1987, Arbea & Jordana, 1988, Ariño et al., 
1992, Arroyo et al. 2005, 2006; Moraza 2006, 2007, 2009). 
Other studies have been conducted on oribatid and collembo-
lan communities of different native (alder, beech, oak and 
black poplar) and non-native (Acacia dealbata Link) forests 
of the Iberian Peninsula and other European countries (Mora-
za et al., 1980; Pinto et al. 1997; Sousa et al. 1997; Gergócs 
et al. 2011; Erdmann et al, 2012; Eissfeller et al., 2013), giv-
ing data about their characteristics, relationships with physi-
cochemical soil factors and their responses to environmental 
changes (Iturrondobeitia & Saloña, 1992a, b). However, the 
effects on other soil microarthropods, especially predatory 
species of mites, have yet to be examined.  

Mesostigmata, which are mostly free-living predatory 
mites, do not seem to live under permanent aggregates. They 
are able to exploit a good number of habitats, including re-
stricted ones, due to their life strategies (Lindquist et al., 
2009). They are indirect participants in soil decomposition, 

regulating the population densities of their prey and, since 
they depend on other soil fauna and on various soil conditions 
(acidity, humidity, temperature, carbon content, total nitrogen, 
decomposed organic matter, heavy metal content, etc.) (Ha-
segawa, 2001; Cole et al., 2006; Barbercheck et al., 2009; 
Ruf & Bedano, 2010; Manu, 2011, Lindo et al., 2012; San-
tamaria et al., 2012; Klarner et al., 2013), they have proven to 
be useful indicators of soil management (Siepel, 1996; Ma-
raun & Scheu, 2000; Huhta & Niemi; 2003; Migliorini et al., 
2003; Minor & Norton, 2004; Huhta et al., 2005). However, 
only with previous knowledge of soil communities in a spe-
cific habitat, and especially its diagnostic species, can we 
assess any disruption resulting in the media and evaluate its 
effects on the fauna.  

Preliminary studies on free living Mesostigmata mites 
in the Iberian Peninsula (Ariño et al., 1992; Moraza, 2006, 
2007, 2009), northern Europe, and other regions (Usher, 
1971; Buryn, 1992; Ageeva, 1995; Salmane, 2000; Arroyo & 
Bolger, 2007; Arroyo et al., 2010, 2012, 2013; Bolger et al., 
2014) have provided data on the composition and structure of 
their assemblages in beech (Fagus sylvatica), oak (Quercus 
rotundifolia and Quercus coccifera), pine (Pinus nigra) for-
ests and in Mediterranean shrub, among others, and on their 
populations and distribution dynamics in soil. It is surprising  
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Table I. Physico-chemical parameters of the seasonal soil samples and seasonal and global diversity indices of Mesostigmata communi-
ties (pH s: in surface; pH p: in deep soil; Tª s: surface; Tº p: deep soil; Av: average; Gl.: Global sample). // Tabla 1. Parámetros físico-
químicos de las muestras estacionales e índices de diversidad estacionales y globales de las comunidades de Mesostigmata (pH s: en 
superficie;; pH p: en profundidad; Tª s: en superficie; Tº p: en profundidad; Av: media; Gl.: muestra global).  

 
  Beunza  (oak forest) Erize-Atez  (larch plantation) Quinto-Real (larch plantation) 

  Spring Summer Autum Winter  Av Spring Summer Autum Winter Av  Spring Summer Autum Winter Av 

pH s 5 4,3 5,5 4,7 4,9 4,4 5,7 5,7 4,2 5,0 4,9 4,6 4,8 4,8 4,8 

pH p 4,8 4,9 4,8 5 4,9 5,4 5,8 6 5,5 5,7 4,9 4,6 5,3 4,7 4,9 

Tª s  9 16 6,2 6 9,3 9,8 19 5 5,7 9,9 15,2 15,3 5,7 3,7 10,0

Tª p  7,7 15 7,6 4,2 8,6 8,3 15 8,4 4,5 9,1 11,2 13,9 8,6 4,6 9,6 

     Gl.     Gl.     Gl. 

Abundance 208 773 155 106 1242 316 0 100 138 554 187 196 114 459 956 

R 26 27 16 15 33 18 0 18 15 23 22 21 18 31 41 

Shannon H´ 2,68 2,46 2,33 2,38 2,71 2,15 0 2,22 2,07 2,35 2,27 2,34 2,24 2,35 2,77

J´ Shannon 0,82 0,75 0,84 0,88 0,78 0,74 0 0,77 0,76 0,75 0,73 0,77 0,77 0,69 0,75

 
 

  
Figure 1. Map of Navarra with Universal Transverse Mercator 
coordinate system (UTM). Black solid triangle refers to oak 
forest; black solid stars refer to larch plantations. // Figura 1. 
Mapa de Navarra con el sistema de coordenadas “Universal 
Transverse Mercator” (UTM). El triángulo indica el robledal; 
las estrellas negras indican las plantaciones de alerce.  

 
 
 

that very diverse and abundant mesostigmatid communities 
can be found in early successional or ruderal sites, while it is 
widely known that these parameters of diversity and abun-
dance are usually greatly reduced for Mesostigmata inhabiting 
agricultural ecosystems and degraded forests (Kochler, 1991, 
1999; Salmane, 1999; Minor & Cianciolo, 2007). 

Three species of larch are commonly used in reforesta-
tion: the European larch (Larix decidua Mill.), growing natu-
rally in Central Europe; the Japanese larch (Larix kaempferi), 
from an area of the island of Honshu in Japan; and a more 
productive species Larix xeurolepis Henry (hybrid between 
Japanese and European larch). The first two species prefer 
soils with a pH of between 5 and 7 and require abundant light. 
In Navarra, L. kaempferi has often been used in plantations. 
Previous studies of this type of plantation have been restricted 
to plant species diversity in relationship with the age of the 
plantation (Nagaike et al., 2003, 2006). 

The main objective of this work is to contribute to the 
knowledge of the Mesostigmata mites on the Península 
Iberica, estimate whether the mite community is forest-type 
dependent and, in a small way, to provide more study data on 
plantations and their impact on biotic diversity.  

Material and methods  

Study sites 
The study was carried out in two larch plantations and in a 
native oak forest located in two climatic regions in Navarra, 
northern Spain, bordering Pyrenees mountains (Fig. 1).  

Two forests were studied, both located in a wet region 
with an average annual rainfall of 1200 - 1600 mm: 

(1) A native oak forest (Quercus pyrenaica Wild.) near 
the town of Beunza (UTM: 30TXN044584). The forest is in a 
regressive state as result of significant reforestation activity in 
this area and in which hybridization with Quercus robur L. 
and Quercus pubescens Wild. is not uncommon. This forest 
belongs to the vegetation series Festuco - Quercetum pyrena-
icae and Blechner - Quercetum roboris (Bascones, 1982) and 
grows in Alfisol soil at an altitude of 600 m a.s.l.; pH of the 
humic layer range between 5.4 and 6.0. 

(2) A 30-year-old, exotic larch (Larix kaempferi 
(Lamb.) Carr. replacing the oak forest previously described 
and located at the same UTM coordinates (although belong-
ing to the municipality of Erice-Atez), with the same soil type 
and altitude; pH of the humic layer range between 4.2 and 
5.7. In this larch, the litter layer was nearly 50 cm deep. 
Located in the hyper-humid region (average annual rainfall ≥ 
1600 mm of precipitation), at an altitude of 900 m a.s.l., 
growing in Haplic Cambisol soil, mor type humus. pH of the 
humic layer range is between 4.6 and 4.9, there is a 100-year-
old larch plantation (L. kaempfei) located in the Quinto-Real 
Nature Reserve, in the Erreguerena mountains (UTM: 
30TXN210625). It is surrounded by native beech forest with a 
deep layer of litter (Fagus sylvatica, vegetation series Blech-
no-Fagetum ibericum). The trees are widely distributed, al-
lowing light into the understory and giving space for regener-
ation gaps inside the beech forest. The litter layer was nearly 
15 cm deep. A similar beech forest was previously studied by 
our group (Ariño et al., 1992; Moraza, 2007).  
 
Sampling and extraction 
Sampling was conducted during the months of April, August, 
November, and January (04/20/1982, 07/27/1982, 12/01/1982 
and 02/22/1983). The Sample surface was 25 cm2. Samples 
were taken at different depths (subsamples) and extracted 
layer by layer: leaf litter (Ao), decomposition layer (edaphic 
horizon H) 3-7 cm depth, and mineral soil (B) 5-7 cm depth. 
In the larch, separating the decomposition layer (H) from the 
mineral layer (B) was impossible and thus only two layers 
were analyzed: Ao and H+B (8-15 cm depth).  A total of 28 
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Table II. Checklist of Mesostigmata families and species; type of life strategy of the family (values of r and K); species and family abun-
dance for global sample (AGl.)) and species and family abundance in each soil layer (Ao: litter; H: humus; B: mineral soil). Diversity indi-
ces R, H´, J´, and Maturity index of the community. Ib: Global sample, Irati, beech forest (Moraza, 2007). Species with an asterisk are 
new records for the Península Ibérica. // Tabla II. Lista de familias y especies de ácaros Mesostigmata; tipos de estrategia vital de la fa-
milia (valores de r y K); abundancia de especies y familias para la muestra global (AGl.) y para las especies y familias en cada horizonte 
del suelo (Ao: hojarasca; H: humus; B: suelo mineral); índices de diversidad R, H´, J´ e índice de madurez de la comunidad. Ib, muestra 
global de hayedo de Irati (Moraza, 2007). Las especies con un asterisco son nuevas citas para la Península ibérica. 

 
Life 
strategy 
values 

Abundance (AGl.) 
Mesostigmata species 

Beunza (Bo) 
OAK 

Erice (El) 
LARCH 

QR (QRL) 
LARCH Oak 

Bo 
Larch 

El 
Larch 
QRl 

Beech 
Ib Ao  H B Ao  H+B Ao H+B

1r 2.9 0.2 1.2 1.0 F. Ascidae 4.1 2.1 2.9 0.2 0 2.7 0 
   -  - 0.2 2.4 Arctoseius minutus (Ascidae) - - - - - 0.3 - 
   -  - 0.5 0.6 Arctoseius venustulus  - - - - - 1.7 - 
   - 0.2 0.2 - Arctoseius sp. - - - 0.2 - 0.3 - 
  2.1  -  -  - Asca aphidioide  3 1.2 2.9 - - - - 
  0.8  - 0.3  - *Gamasellodes bicolor  1.1 0.9 - - - 0.4 - 
    0.2 Zercoseius spathuliger (Leonardi. 1899)        
              

1r 0.8 0.4 1.2  - F. Epicriidae 0.6 1.1 0 0.4 0 1.6 0.5 
  0.6  -  -  - Berlesiana beunzana  0.3 0.9 - - - - - 
  0.2 0.4 1.2  - Epicrius jonhstoni  0.3 0.2 - 0.4 - 1.6 0.5 
              

4r         F.Eviphididae       
  0.4  -  -  - Iphidiosoma sp. - 0.9 - - - - - 
             

¿?         F. Hirstyonissidae       
- 0.1  -  -  - Hirstionyssus sp. 0.2 - - - - - - 
             

¿? 1.2 0.7 1.5 0.9 F. Macrochelidae 1.3 1.3 0 0.4 0 1.7 0.5 
- 0.1  - 0.4  - *Geholaspis longispinosus  - 0.4 - - - 0.5 - 
- 0.1  - 0.2  - *Geholaspis mandibularis  0.2 - - - - 0.3 - 
- 1.0 0.7 0.7 0.5 Macrocheles montanus  1.1 0.9 - 0.4 - 0.6 0.5 
-  -  - 0.2 0.2 Macrolaspis sp. - - - - - 0.3 - 
    0.2 Poecilochirus necrophori Vitzthum. 1930        
             
      F. Melicharidae       
 - - - 0.9 Orthadenella lawrencei (Evans. 1957)        
             

1r 0.5 1.6 1.6 0.7 F. Laelapidae 0.2 0.9 0 1.8 3.4 1.7 0.5 
   -  - 0.1  - Hypoaspis (Euandrolaelaps) karawaewi  - - - - - 0.1 - 
   -  - 0.1  - Hypoaspis (Galeolaelaps)  sp.  - - - 0.2 1.7 0.1 - 
  0.5 1.6 1.3 0.5 Pseudolaelaps doderoi  0.2 - - 1.6 1.7 1.4 0.5 
   -  - 0.1  - *Pseudoparasitus dentatus  - 0.9 - - - 0.1 - 
    0.2 Proctolaelaps robustus  Evans. 1958        
              

1K  0.1    0.3 2.4 F. Pachylaelapidae       
    0.3 Pachylaelaps longisetis Halbert. 1915        
  0.1  -  -  - *Pachyseius angustiventris  0.2 - - - - - - 
    0.9 Pachyseius morenoi Moraza        
   -  - 0.3 1.2 Pseudoparasitus (Pseudopachys) parasitizans - - - - - 0.3 - 
             

2K 26.2 33.5 40.3 52.9 F. Parasitidae  18.6 35.4 44 35.6 25.1 47.4 9.7 
  0.8 1.6 0.5 0.3 Holoparasitus calcaratus  1.3 0.2 2.9 1.8 - 0.6 - 
   -  - 0.6  - *Holoparasitus obsoloni  - - - - - 0.6 0.5 
   -  - 1.2 2.3 Holoparasitus stramenti c.f.  - - - - - 1.4 - 
   -  - 0.5  - *Paragamasus disparinas - - - - - 0.6 - 
   - 1.4  -  - *Paragamasus longisetosus  - - - 1.2 3.3 - - 
  7.7 6.0 5.4 6.3 Paragamasus navarrensis  8.5 7.3 2.9 6.3 1.7 6.1 2.4 
  6.5 2.9 9.5 8.3 Paragamasus ponantinus  1.1 13.2 23.5 2.4 6.7 11.1 2.4 
  4.1 2.7 7.1 6.0 Paragamasus rothamstedensis  1.4 7.3 11.8 4.8 - 7.8 3.9 
  6.1 15.3 14.3 18.1 Paragamasus immature stages 5.3 7.1 2.9 15.5 11.7 17.6 0.5 
    0.6 Paragamasus sp. 1        
    0.6 Paragamasus sp. 2        
    0.2 Paragamasus sp. 3        
    3.0 Parasitus craepelini Karg. 1971        
   -  - 0.2 1.5 Parasitus sp. 1 - - - - - 0.3 - 
   -  - 0.4  - Parasitus sp. 2 - - - - - 0.5 - 
  1.0 3.6 0.6 1.2 Pergamasus robustus  1 1.2 - 3.6 1.7 0.8 - 
    5.0 Pergamasus crassipes (L. 1758)        
    0.3 Pergamasus sp. 3        
              

2r         F. Phytoseiidae             
   -  - 0.1  - *Amblyseius filixis  - - - - - 0.1 - 
  0.1  -  -  . Amblyseius sp.1 0.2 - - - - - - 

    0.2 
Typhlodromus (Anthoseius) pirianykae 
Wainstein. 1972 
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Life 
strategy 
values 

Abundance (AGl.) 
Mesostigmata species 

Beunza (Bo) 
OAK 

Erice (El) 
LARCH 

QR (QRL) 
LARCH Oak 

Bo 
Larch 

El 
Larch 
QRl 

Beech 
Ib Ao  H B Ao  H+B Ao H+B

2K         F. Rhodacaridae       
  2.9  - 16.8 5.7 Rhodacarus coronatus  0.3 4.7 26.5 - - 1 74.6
        

2K 6.8 25.7 14.1 11.1 F. Vegaidae 6.06 7.1 0 27.6 8.3 16.7 2.9 
  2.4 21.7 4.6  - *Veigaia bouvieri  3 1.9 - 23.8 - 5.7 - 
  4.3 0.5 9.5 7.5 Vegaia nemorensis  2.9 5.2 - 0.6 - 11 2.9 
  0.1 3.1  - 3.2 Veigaia planicola  0.16 - - 2.8 8.3 - - 
    0.2 Veigaia sanamamedi Athias-Henriot .1961        
   - 0.4  - 0.2 Veigaia sp. - - - 0.4 - - - 
            

3K 9.6 22.0 2.2 7.8 F. Zerconiidae 7.1 10.5 14.7 17.5 56.7 2.1 3.4 
    3.3 Prozercon davidii Moraza 2006        
   -  - 0.8  - Prozercon lutulentus  - - - - - 0.1 3.4 
  1.6 21.8  -  - Prozercon tellecheai  0.5 2.3 11.8 17.3 56.7 - - 
   -  - 0.2 0.3 Zercon guadarramicus  - - - - - 0.3 - 
    3.0 Zercon arcuatus Trägärdh 1931        
   -  - 0.5  - Zercon keiseri  - - - - - 0.6 - 
  7.1 0.2 0.1 1.2 Zercon parivus  5.6 7.3 2.9 0.2 - 0.3 - 
  0.1  -  -  - Zercon peltatus  0.2 - - - - - - 
  0.8  - 0.6  - Zercon pustulescens  0.8 0.9 - - - 0.8 - 
            
  48.5 15.9 20.3 14.4 UROPODINA 61.38 36.6 11.7 16.7 6.7 24.9 7.9 
             

¿? 11.8   -  1.0 1.0  F. Dinychidae       
 - 11.4  - 1.0 0.5 Dinychus hispanicus  16.2 6.4 5.9 - - 1.3 - 
- 0.4  -  -  - *Urodiaspis tecta  0.2 0.7 - - - - - 
     0.5 Uropodonina  sp. 1               
        

¿?         F. Discourellidae       
 -  -  - 0.3  - *Discourella baloghi  - - - - - 0.4 0.5 
        

3K 8.0 10.7 10.3 5.2 F.  Uropodidae       
  8.0 9.6 10.3 3.7 Cilliba cassidea  11.5 4.5 2.9 10.5 - 12.4 2.4 
   - 0.9  -  - Cilliba sellnicki  - - - 1 - - - 
    1.5 Uropoda misella  (Belerse. 1916)        
   - 0.2  -  - Uropoda minima  - - - 0.2 - - - 
        

3K 28. 7  5.2 8. 6 8. 2 F.Trachytidae       
- 0.4  - 2.8 3.8 Polyaspinus cylindricus  0.5 - - - - 4.3 2 
- 2.7 2.0 2.0 0.2 Trachytes aegrota  4.5 1 - 2.2 1.7 2.5 - 
- 22.5  - 3.1  - *Trachytes eustructura  24 22.3 2.9 - - 3.5 1.5 
- 3.1 3.2 0.7 4.2 Trachytes welbourni  4.48 1.7 - 2.8 5 0.5 1.5 
         
  1242 554 956 2752 Total studied specimens 654 553 35 501 60 744 205 

  33 23 41 41 R 30 25 11 22 10 40 15 

  2.71 2.35 2.77 3.10 H´log10 2.55 2.7 2.08 2.36 1.57 2.81 1.19

  0.78 0.75 0.75 0.83 J´ 0.74 0.82 0.81 0.75 0.65 0.76 0.43

  0.89 0.89 0.86 0.91 Maturity Index               

 
 
 
subsamples were processed for extraction of microarthropods: 
eight from the young larch (four Aoo+ four H+B), eight from 
the old larch (four Aoo+ four H+B), and 12 from the oak 
forest (four Aoo+four H+four B) (see table I). 
 When samples were collected, temperature and pH in 
distilled water were measured at every site, at the soil surface 
(horizon H) and deep (horizon B or H+B) in the soil. Soil 
humidity was calculated from the difference between fresh 
and dry sample weight (after drying at 20 ºC and 40% r.h.) 
(%) (Table I). 
 Soil mites were extracted using Berlese-Tullgren 
funnels and were identified to the species level (Ghilarov & 
Bregetova, 1977; Karg, 1993). after clearing in Nesbitt’s 
solution and mounted in Hoyer’s medium. Adult and 
immature mites (larval and nymphal instars) from each 
sample were counted (Table I and II, Annex 1). The 
specimens are on deposit in the Ohio State University 
Acarology Laboratory (OSAL) Collection  (Columbus, Ohio, 
USA). 
 

Data analysis 
A global sampling unit resulting from the addition of four 
seasonal samples was used to estimate the mesostigmatid mite 
community. All immature specimens of the family Parasitidae 
were considered as one taxon.  

Diversity indices were calculated for each seasonal 
sample, for each soil layer and for the global sample (Gl.): 
relative abundance (A), diversity (H´ log 10) (Shannon-
Wiener, 1963), richness (R), equitability (J´). Biological pa-
rameters and statistical analysis were calculated using the 
software package “PAST” (Hammer et al., 2001).  

The maturity index of Ruf (1998) was also calculated. 
This index, with a range of values between 0 and 1, has been 
used as an indicator of environmental impact on forest soils 
and to discriminate between sites. Its value is calculated based 
on different life strategies “r” and “K” of Mesostigmata fami-
lies. The index is calculated as the proportion of K-values to 
the sum of the r and K-values of all species of a sampled 
community. 
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Results  
 
A total number of 2752 mesostigmatid mites were collected 
from the sites, representing 17 families and 56 species: 33 
species in the oak forest (1242 specimens studied), 22 in the 
young larch in Erice (554 specimens), and 41 in the older 
larch in Quinto Real (956 specimens) (Tables 1, 2; Annex 1).  

In the oak forest (Beunza), where the three soil layers 
are clearly distinguished, the highest richness (R) was found 
in the litter (29 species) and the lowest in the mineral layer 
(10 species) (Table II). Uropodina were the most abundant 
(48.5%) and diverse mites (four families and seven species). 
The family Parasitidae represented 26.2% of the community 
with five species and was found in the three layers, mainly H 
and B. The Family Zerconidae was represented by four spe-
cies, 9.6% of the community, and was present in all three 
layers. The most significant species of this assemblage were 
Trachytes eustructure (22.5%), Dinychus hispanicus (11.4%) 
and the exclusive, although non-abundant species Berlesiana 
beunzana, Iphidosoma sp., Hirstionyssus sp. and Pachyseius 
angustiventris. 
  In the larch plantation of Erice-Atez, most of the com-
munity inhabits the litter layer. Prozercon tellecheai and 
Veigaia bouveri were the dominant species (abundance 21.8% 
and 21.7% respectively). Both species were present in the oak 
site but in low abundances (1.6 and 2.4% respectively); 
Paragamasus longisetosus and Veigaia sp. are the two taxa 
unique to this forest. The family Parasitidae (seven species) 
represented 33.5% of the community, and Uropodina mites 
(five species, the 15.9%). Zerconiidae, with only two species 
(global abundance 22%), is clearly the dominant group in the 
deepest layer due to P. tellecheai (global abundance 56.7%). 
The summer sample lacked mesostigmatid mites. 

Sixteen of the species (48.5%) present in the oak forest 
were not found in the larch, and six species (26.1%) present in 
the larch forest were not collected in the oak. Diagnostic 
species in the oak forest (T. estructura and Dynichus hispani-
cus) were not found in the larch and others such as P. 
tellecheai and V. bouvieri have become more abundant fol-
lowing plantation with larch.  

In the larch plantation of Quinto Real, Rhodacarus cor-
onatus (16.8%), Veigaia nemorensis (9.5%) and Cilliba cas-
sidea (10.3%) are the dominant species. As in the previous 
larch forest, more than 75% of the community was found in 
the litter layer. The family Parasitidae, represented by 10 
species, constitutes 40.3% of the community. Uropodina 
mites were represented by seven species, 20.3% of the com-
munity, and the family Zerconiidae with six species was not 
abundant (2.2%).  

If the community data obtained for this larch forest is 
compared with the community of a similar previously studied 
beech forest in Irati (Moraza 2007), of similar vegetation 
series and climatic characteristics, differences in the species 
composition are distinctive, although they share approximate-
ly 50% of the species (22 species) (Table II). The species 
assemblage that characterized the beech forest in Irati (P. 
ponantinus, P. navarrensis, Paragamasus rothamstedensis, R. 
coronatus and V. nemorensis) is similar in the larch forest, 
although their abundances differ slightly (Table II).  

The composition of the community between larch for-
ests is quite different judging by their diagnostic species and 
R values (23 in the young forest and 41 in the old (Table II). 
The two larch plantations share 16 species, nearly 70% of the 

species found in the young larch, and 13 of which have been 
found in other forests and different habitats in this region 
(Moraza, 2006, 2007). However, both larch plantations have 
the same value of equitability (0.75) and similar values of H´ 
(2.35 for the young larch and 2.77 for the old).  

Uropodina mites (16 - 48%), Zerconiidae (2 - 22%), 
Parasitidae (26 - 40%) and Veigaiidae (7 – 26%) are the most 
abundant families, and Ascidae (0.2- 3%) and Laelapidae (0.5 
- 2%) are poorly represented (Table II). 

The maturity index for the oak and for the 30-year-old 
larch forest in Erice-Atez was 0.89; for the native beech forest 
0.91, while the larch forest in Quinto Real scored slightly 
lower (0.83). Regarding generation cycles, in the forests stud-
ied the vast majority of species were K strategists, following 
Ruf et al, (1999, 2003) (Table II).  
 

Discussion 
 
In Quinto Real, the characteristics of the plantation program 
(small regeneration larch gaps in the beech forest) and the 
time elapsed from plantation (100 years) may have facilitated 
the establishment of a new community which retains the char-
acteristic species of the beech community (Ariño et al., 1992; 
Moraza, 2007), enhancing the presence of some of these and, 
as a result, the extinction of others and their subsequent re-
placement by newly arrived species (Table II). Plantations 
surrounded by native forest give rise to “regeneration gaps” 
which may be a better way to conserve the specific richness 
and diversity of the habitat. Diagnostic species for the beech 
forest could adapt to the larch by giving way to new popula-
tions at the expense of other, less adaptable species. Nagaike 
and co-authors (2006) indicated that Larix kaempferi planta-
tion age affects plant community composition, although it 
does not affect plant diversity in the plantation understory. In 
this larch, regeneration gaps mean higher plant diversity, 
which may give rise to a greater number of niches to be occu-
pied by the Mesostigmata and their prey. 

In the larch forest in Erice, a deep layer of larch litter 
covers the soil and the values of richness and density of the 
Mesostigmata community is lower than in the Quinto Real 
(with a finer litter layer). The thickness of the litter layer 
affects the oribatid mite densities in broadleaf deciduous 
forests, since these two factors are strongly correlated (Osler 
et al., 2006; Erdmann et al., 2012). However, our results 
suggest that thickness of larch litter could be affecting Meso-
stigmata mites in a different way - being caused by different 
physical and chemical conditions of the larch litter and other 
new environmental parameters introduced to the habitat by 
the tree characteristics as result of reforestation. 

Differences in community composition between larch 
forests could be due to the different ages of the larch planta-
tions, as some mite species present in both sites show distinct 
values of relative abundance (e.g. Paragamasus ponantinus, 
Paragamasus rothamstedensis, Veigaia bouvieri, Vegaia 
nemorensis, among others). The older plantation (about 100 
years old), which has larger-sized trees and greater understory 
plant diversity, has the highest Mesostigmata species diversity 
and richness and includes many species not found in the 
younger plantation. Comparing Larix kaempferi forests of 
various ages (Nagaike et al. 2003, 2006), greater plant diver-
sity was found in young plantations, although the higher di-
versity was due to weed species present, which are not the 
best habitat for most Mesostigmata mites.  
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Dafet (1979) mentioned that values of equitability 
greater than 0.8 indicate an optimum population balance. The 
data obtained, although from a concrete and punctual study 
such as it is, suggests no larch plantation shows an optimum 
balance, either in the overall or in seasonal samples (Tables 1 
and 2). However, the obtained values are relatively high (0.69 
to 0.77 for the seasonal samples; 0.75 for the global). Only the 
native beech forest in Irati showed an optimum population 
balance (J´ = 0.83). 

Uropodina mites appear to be the most sensitive to this 
type of plantation; their abundances decreased from 48.5% in 
the oak forest to 20.3% in the larch plantation (Erice-Atez). 
Uropodines, characteristic of ephemeral litter habitats in tem-
perate regions, feed on small invertebrates, fungi, and decay-
ing organic matter (Karg 1989). Other families such as Ve-
gaiidae, Zerconidae and Parasitidae, increased their abun-
dances (Table II) in the young larch, and Zerconidae de-
creased in the older plantation. Our results suggest that meso-
stigmatid populations in the oak and larch plantations are well 
structured. Uropodina (especially Trachytidae), Zerconiidae, 
Parasitidae and Veigaiidae, all families known to be associat-
ed with forests (Moraza, 2007; Arroyo et al., 2012, 2013), are 
well represented in the present study, while two poorly repre-
sented families, the Ascidae and Laelapidae, are associated 
mainly with disturbed agricultural environments (Minor & 
Cianciolo, 2007).  

Mesostigmatid mites have life cycles ranging from 1.5 
to two weeks in Ascidae and Laelapidae (r- selected traits) 
(Binns, 1974; Enkegaard et al., 1997); from three to four 
weeks in large Parasitidae (e.g. Pergamasus) (2K selected 
strategy) (Hartenstein, 1962); and 11 months in Trachytes 
(Athias-Binche, 1989) (probably 3K selected strategy as other 
Uropodina mites). The vast majority of species collected in 
this study were K strategists, with slow development and a 
low dispersal range, usually associated with forest sites (Mi-
nor & Cianciolo, 2007). About 16% of the species could not 
be assigned r or K-values because Ruf et al. (1999, 2003) did 
not classify them, and we assigned 3K values to Trachytes 
species. This fact could significantly affect the validity of the 
given index because if unassigned species were all either 
treated as 3K or 4r the forests would be ranked in a different 
order (Cŏja & Bruckner 2006). We obtained the maturity 
index not only to provide other information about these for-
ests, but in the hope of finding some other clues about the 
effect the replacement of native plants might have on it. Ma-
turity index values obtained for the four forests are near the 
high end of the total range of the index and values expected 
for undisturbed habitats (Ruf & Römbke, 1999; Ruf et al., 
1999, 2003; Cŏja & Bruckner, 2006). This may suggest that 
planted larch forests are very stable, as may be expected of a 
growth forest with no human intervention for an extended 
period of time. Cŏja & Bruckner (2006) indicated that if the 
index value is near 1, the maturity of gamasine communities 
is seemingly more influenced by parameters other than humus 
type. So the different thickness and perhaps chemical compo-
sition of the humus layer in the larch may not negatively 
impact the mesostigmatid mite community structure.  

Enhanced biodiversity outcomes are to be expected in 
plantations using native species of trees, while there are dif-
ferences in results when non-native species are used. Our 
results suggest that reforestation with larch trees may adverse-
ly affect mesostigmatid mite diversity in the soil. However a 
customized reforestation program and simply the natural 

aging of the plantation could minimize the loss of diversity 
and even increase it if sufficient time is allowed for a new 
mite population to become established.  
 

Acknowledgements 
 

This work is part of the research contract CAICYT nº 0220 entitled 
"Effect of exploitation and reforestation on soil fauna". The study of 
Mesostigmata mites for this project was also funded through the 
Department of Education, Universities and Research of the Basque 
Government (Spain) and the  Ohio State University Acarology Lab 
(OSAL) (Columbus, Ohio, USA). 
 

References 
 

AGEEVA, T. Z. 1995. Seasonal dynamics of Mesostigmata (Parasiti-
formes) in soils of urban Moscow oak forest. Izvestiya Akad-
emii Nauk Seriya Biologicheskaya, 6: 722-728. 

ARBEA, J. J. & R. JORDANA 1988. Efecto de la repoblación con alerce 
(Larix kaempferi) en la zona norte de Navarra, sobre la estruc-
tura de la poblaciones de colémbolos edáficos. In: Actas del 
Congreso de Biología Ambiental (2 Congreso Mundial Vas-
co), J. C. Iturrondobeitia (ed.), Servicio Editorial de la Uni-
versidad del País Vasco. 2, pp. 253-265.  

ARIÑO, A. H, M. L. MORAZA, M. A. HERNANDEZ & R. JORDANA 
1992. Cambios en la edafofauna de hayedos alterados. In: Ac-
tas del Congreso Internacional del Haya. R. E. Rosselló (ed.), 
 pp C060-C066.  

ARROYO, J., J. C. ITURRONDOBEITIA, C. RAD & S. GONZÁLEZ 

CARCEDO 2005. Oribatid mite (Acari) community structure in 
steppic habitats of Burgos Province, central northern Spain. 
Journal of Natural History, 39(39): 3453-3470. 

ARROYO, J. & J. C. ITURRONDOBEITIA 2006. Differences in diversity 
of oribatid mite communities in forest and agrosystems lands. 
European journal of soil Biology, 42:  259-269. 

ARROYO, J. & T. BOLGER 2007. Oribatid (Acari: Oribatida) and 
gamasid (Acari: Gamasina) mite communities in an Irish Sitka 
spruce (Picea sitchensis (Bong.) Carr.) stand with three first 
records for Ireland. Irish Naturalists´ Journal, 28: 452-458. 

ARROYO, J.,  M. L. MORAZA & T. BOLGER 2010. The Mesostigmata 
mite (Acari, Mesostigmata) community in canopies of Sitka 
spruce in Ireland and a comparison with ground moss habi-
tats. Graellsia, 66(1): 29-37. 

ARROYO, J., J. KENNY & T. BOLGER 2012. A Survey of the Oribatida 
and Mesostigmata (Acarina) of Irish forests. Bulletin of the 
Irish Biogeographical Society, 36: 33-59. 

ARROYO, J., J. KENNY & T. BOLGER 2013. Variation between mite 
communities in Irish forest types – Importance of bark and 
moss cover in canopy. Pedobiologia, 56(4/6): 241-250. 

ATHIAS-BINCHE, F. 1989. Difference in sensitivities of oribatid 
families to environmmental change by human impacts. Revue 
d’ecologie et de biologie du sol, 16: 415-422.  

BARBERCHECK, M. E., D. A. NEHER, O. ANAS, S. M. EL-ALLAF & T. 
R. EICHT 2009. Response of soil invertebrates to disturbance 
across three resource regions in North Carolina. Environmen-
tal Monitoring and Assessment, 152: 283-298. 

BINN, E. S. 1974. Notes on the biology of Arctoseius cetratus 
(Sellnick) (Mesostigmata: Ascidae). Acarologia. 33: 443-449.  

BOLGER, T., J. ARROYO, J. KENNY & M. CAPLICE 2014.  Hierarchical 
analysis of mite community structures in Irish forests—A 
study of the relative contribution of location, forest type and 
microhabitat. Applied Soil Ecology, 83: 39–43. 

BURYN, R. 1992. Gamasid fauna (Acari, Mesostigmata) of a hedge 
and adjacent meadow in upper Franconia (Bavaria, Germa-
ny). Pedobiologia, 36(2): 97-108. 

CŎJA, T. & A. BRUCKNER 2006. The maturity index applied to sol 
gamasine mites from five natural forests in Austria. Applied 
Soil Ecology, 34: 1-9. 



41 
 

COLE, L., M. A. BRADFORD, P. J. A. SHAW, R. D. BARDGETT 2006. 
The abundance, richness and functional role of soil meso- and 
macrofauna in temperate grassland–A case study. Applied 
Soil Ecology, 33: 186-198.  

DAGET, J. 1979. Les modéles mathématiques en écologie. Masson 
(Ed.), Paris, 172 p.  

EISSFELLER, V., C. H. LANGENBRUCH, A. JACOBA, M. MARAUN & S. 
SCHEU 2013. Tree identity surpasses the diversity in affecting 
the community structure of oribatid mites (Oribatida) of de-
ciduous temperate forests. Soil Biology & Biochemistry, 63: 
154-162. 

ENKEGAARD, A., M. A. SARDAR & H. F. BRODSGAARD 1997. The 
predatory mite Hypoaspis miles: biological and demographic 
characteristics on two prey species, the mushroom sciarid fly, 
Lycoriella solani, and the mould mite, Tyrophagus putrescentiae. 
Entomologia Experimentalis et Applicata, 82: 135-146. 

ERDMANN, G., S. SCHEUS & M. MARAUN 2012. Regional factors 
rather than forest type drive the community structure of soil 
living oribatid mites (Acari, Oribatid). Experimental Applied 
Acarology, 57: 157-169. 

GERGÓCS, V., Á. GARAMVÖLGYI, R. HOMORÓDI & L. HUFNAGEL 

2011. Seasonal change of oribatid mite communities (Acari, 
Oribatida) in three different types of microhabitats in an Oak 
forest. Applied Ecology and Environmental Research, 9: 181-
195. 

GHILAROV, M. S. & N. G. BREGETOVA 1977. Handbook for the iden-
tification of Soil-Dwelling Mites. Mesostigmata. Zool Ins. 
Akad. Sci. Nauka, Leningrad, 718 pp. (in Russian). 

HAMMER, Ø., D. A. T. HARPER & P. D. RYAN  2001. PAST: Paleonto-
logical Statistics Software Package for Education and Data 
Analysis. Palaeontologia Electronica, 4(1): 9pp. (http://pa 
laeo-electronica.org/2001_1/past/issue1_01.htm) (2005-05-
12)  

HARTENSTEIN, R. 1962. Life history of Pergamasus crassipes and 
Amblygamasus septentionalis (Acarina: Parasitidae). Annals 
of the Entomological Society of America, 55: 196-202.  

HASEGAWA, M. 2001. The relationship between the organic matter 
composition of a forest floor and the structure of a soil arthro-
pod community. European Journal of Soil Biology, 37: 281-
284. 

HUHTA, V. & R. NIEMI 2003. Communities of soil mites (Acarina) 
implanted birch stands as compared with natural forests in 
central Finland. Canadian Journal of Forest Research, 33: 
171–180. 

HUHTA V., M. RÄTY, P. AHLROTH, S. M. HÄNNINEN, J. MATTILA, R. 
PENTTINEN & T. RINTALA 2005. Soil fauna of deciduous for-
ests as compared with spruce forests in central Finland. Mem-
oranda Societatis pro. Fauna et Flora Fennica 81(2): 562-70. 

ITURRONDOBEITIA, J. C. & M. I. SALOÑA 1985. Contribución al estu-
dio sinecológico de los ácaros oribátidos de varios ecosiste-
mas vizcaínos (Acarida, Oribatida). In: Actas do Congreso 
Ibérico de Entomología, 2(3): 353-362. 

ITURRONDOBEITIA, J. C. & M. I. SALOÑA 1992a. Estudio de las co-
munidades de oribátidos (Acari, Oribatei) de varios ecosiste-
mas de Vizcaya y una zona próxima; 4. Relación entre fauna 
y factores del suelo. Revue d'Ecologie et de Biologie du Sol, 
28(4): 443-459. 

ITURRONDOBEITIA, J. C. & M. I. SALOÑA 1992b. Relationship be-
tween oribatids and physico-chemical soil factors. In: Re-
sponses of forest ecosystems to environmental changes. Teller 
A, P. Mathy & J. N. R. Jeffers Eds., Proceedings of the First 
European Symposium on Terrestrial Ecosystems, Forests 
andWoodland. Elsevier Applied Science. London & New 
York, pp. 969-971.   

JORDANA, R., J. I. ARBEA, L. MORAZA, E. MONTENEGROS, M. D. 
MATEO, M. A. HERNANDEZ &  L. HERRERA 1987. Effect of re-
forestation by conifers in natural biotopes of middle and 
South Navarra (Northern Spain). Revue suisse Zoologie, 
94(3): 491-502. 

KARG, W. 1989. Uropodin. Kramer, Schildkrötenmilben. Acari 
(Acarina), Milben, Unterordnung Parasitiformes (Anactino-
chaeta). Die Tierwelt Deutschlands und der angrenzenden 
Meeresteile, 67: Gustav Fischer Verlag, Jena. 

KARG, W. 1993. Acari (Acarina), Milben, Parasitiformes (Anactino-
chaeta), Cohors Gamasina Leach. Raubmilben. Die Tierwelt 
Deutschlands und der angrenzenden Meeresteile, 59: Gustav 
Fischer Verlag, Jena, 523 pp. 

KLARNER, B., M. MARAUN & S. SCHEU 2013. Trophic diversity and 
niche partitioning in a species rich predator guild – Natural vari-
ations in stable isotope ratios (13C/12C, 15N/14N) of mesos-
tigmatid mites (Acari, Mesostigmata) from Central European 
beech forests. Soil Biology and Biochemistry, 57: 327-333. 

KOCHLER, H. H. 1991. A 5-year study on the secondary succession 
of Gamasina on a ruderal site: the influence of recultivation. 
In: Modern Acarology, Dusbabek, F., & V. Bukva Eds., Aca-
demia, Prague and SPB Academic Publishers. The Hague, pp. 
373-383. 

KOCHLER, H. H. 1999. Predatory mites (Gamasina, Uropodina) 
efficient predators in agroecosystems. Agricultural Ecosystem 
Environments, 74: 395-410. 

LINDO, Z., J. WHITELEY & A. GONZALEZ 2012. Traits explain com-
munity disassembly and trophic contraction following exper-
imental environmental change. Global Change Biology, 18: 
2448-2457. 

LINDQUIST, E. E., D. E. WALTER & G. W. KRANTZ 2009. Order 
Mesostigmata.  In: A Manual of Acarology, Krantz, G. W. & 
D. E. Walter Eds., Third Edition. Texas Tech University 
Press, Lubbock, pp. 124–232. 

MANU, M. 2011. The influence of some environmental factors on 
the species diversity of the predator mites (Acari: Gamasina) 
from natural forest ecosystems in Brucegi massif. Trav. Mus. 
d’Hist. Nat. “Grigore Antipa”, 54: 9-20. 

MARAUN, M. & S. SCHEU 2000. The structure of oribatid mite com-
munities (Acari, Oribatida): patterns, mechanisms and impli-
cations for future research. Ecography, 23: 374-383. 

MIGLIORINI, M., P. P. FANCIULLI & F. BERNINI 2003. Comparative 
analysis of two edaphic zoocoenoses (Acari Oribatida); Hex-
apoda (Collembola) in the area of Orio al Serio Airport (Ber-
gamo, northern Italy). Pedobiologia, 47: 9-18. 

MINOR, A. A.  & R. A. NORTON 2004. Effects of soil amendements 
on assemblages of soil mites (Acari: Oribatida, Mesostigmata) 
in short-rotation willow plantings in central New York. Ca-
nadian Journal Forest Research, 34: 1417-1425. 

MINOR, A. A. & J. M. CIANCIOLO 2007. Diversity of soil mites (Acari 
Oribatida, Mesostigmata) along a gradient of land use types in 
New York. Applied Soil Ecology, 35: 140-153. 

MORAZA, M. L. 2006. Efecto de la degradación de un encinar de 
Quercus rotundifolia en la comunidad de ácaros cryptostig-
mados y mesostigmados (Acari: Cryptostigmata, Mesostig-
mata). Revista Ibérica de Aracnología, 13: 171 - 182 

MORAZA, M. L.  2007. Composición, estructura y diversidad de la 
comunidad de Ácaros Mesostigmata de un hayedo natural 
(Fagus sylvatica) del sur de Europa. Graellsia, 63(1): 35-42. 

MORAZA, M. L.  2009. La comunidad de ácaros oribátidos en diversos 
hábitats naturales y alterados de Navarra (Sur de Europa) (Acari: 
Cryptostigmata).  Revista ibérica de Aracnología, 17: 71-82.  

MORAZA, M. L. 2010. Effects of reforestation with conifers on the 
communities of mesostigmatic mites in northern Spain (Acari: 
Mesostigmata.  In: Trends in Acarology. Proc. of the 12th In-
tern. Congress of Acarology, Amsterdam 2006). Springer-
Science + Business Media B. V., Dordrecht. Sabelis, M. W. 
& Bruin, J. (eds), pp. 129- 133. 

MORAZA, M. L., L. HERRERA & C. PÉREZ-IÑIGO 1980. Estudio 
faunístico del Macizo de Quinto Real. I. Acaros Oribátidos 
(Acari, Oribatei). Publicaciones de Biología, Universidad de 
Navarra. Serie zoológica. nº 1, pp. 3-34. 

NAGAIKE, T., A. HAYASHI, A. MIDORI & A. ARAI 2003. Differences 
in plant species diversity in Larix kaempferi plantations of dif-



42 
 

ferent ages in central Japan. Forest Ecology and Manage-
ment, 183(1-3):177-193 · 

NAGAIKE, T., A. HAYASHI, M. KUBO, M. ABE & N. ARAI 2006. Plant 
species diversity in a managed forest landscape composed of 
Larix kaempheri plantations and abandoned coppice forests in 
central Japan. Forest Science, 52: 324-332. 

OSLER, G. H. R., A. KORYCINSKA & L. COLE 2006. Differences in 
litter mass change mite assemblage structure on a deciduous 
forest floor. Ecography, 29 (6): 811-818. 

PINTO, C., J.P. SOUSA, M.A.S. GRACA & M. M. DA GAMA 1997. 
Forest soil Collembola. Do tree introductions make a differ-
ence?  Pedobiologia, 41: 131-138. 

RUF, A. 1998. A maturity index for gamasid soil mites (Mesostigma-
ta: Gamasina) as an indicator of environmental impacts of 
pollution on forest soils. Applied Soil Ecology, 9: 447-452. 

RUF, A. & J. RÖMBKE 1999. Beurteilung von Bodenqualitát mit Hilfe 
von Bodentieren. In: Bodenökologie interdisziplinär.  Köehler 
H. & K. Mathes Eds., Springer, Berlin, pp. 119-132. 

RUF, A., L. BECK, W. HAMMEL, K. HUND, W. KRATZ, J. RÖMBKE & J. 
SPELDA 1999. Grundlagen zur Erarbeitung eines Bewer-
tungsrahmens für die Bodenfunktion “Lebensraum für Bo-
denorganismen”, Teil II: Erste Ergebnisse sur Anwendung 
von bodenkundlich/bodenbiologisch definierten Standort-
typen. Mitteilungen Deutsche Bodenkundliche Gesellschaft, 
89: 177-180. 

RUF, A., L. BECK, P. DREHER, K. HUND, J. RÖMBKE & J. SPELDA 

2003. A biological classification concept for the assessment 
of soil quality: “biological soil classification scheme” 

(BBSK). Agriculture, Ecosystems & Environment, 98: 263-
271. 

RUF, A. & J. C. BEDANO 2010. Sensitivity Of different taxonomic 
levels of soil Gamasina to land use and anthropogenic dis-
turbance. Agricultural and Forest Entomology, 12: 203-212. 

SALMANE, I. 1999. Soil free-living predatory Gamasina mites (Acari, 
Mesostigmata) from the coastal meadows of Riga Gulf, Lat-
via. Latvijas Entomologs, 37: 104-114. 

SALMANE, I. 2000. Investigation of the seasonal dynamics of soil 
Gamasina mites (Acari: Mesostigmata) in Pinaceum myr-
tilorum, Latvia. Ekologia Bratislava, 19: 245-252. 

SANTAMARIA, J. M., M. L. MORAZA, D. ELUSTONDO, E. BAQUERO, R. 
JORDANA, E. LASHERAS, R. BERMEJO & A. H. ARIÑO 2012. Di-
versity of acari and collembola along a pollution gradient in 
soils of a Pyrenean forest ecosystem. Environmental Engi-
neering and Management Journal, 11: 1159-1169. 

SIEPEL, H. 1996. Biodiversity of soil microarthropods: the filtering 
of species. Biodiversity and Conservation, 5: 251-260. 

SOUSA, J. P., J. V. VINGADA, H. BARROCAS, M. M. DA GAMA 1997. 
Effects of introduced exotic tree species on Collembola com-
munities: The importance of management techniques. Pedo-
biologia, 41: 145-153. 

USHER, M.B. 1971. Seasonal and vertical distribution of a population 
of soil arthropods – Mesostigmata. Pedobiologia, 11(1): 27-
39.

 



A
n

n
ex

 1
. 

Li
st

 o
f 

fa
m

ili
es

 a
nd

 s
pe

ci
es

 a
nd

 n
um

be
r 

of
 s

tu
di

ed
 s

pe
ci

m
en

s 
an

d 
de

ve
lo

pm
en

t 
in

st
ar

 (
D

: 
de

ut
on

ym
ph

: 
P

: 
pr

ot
on

ym
ph

; 
L:

 la
rv

a)
. 

S
pe

ci
es

 w
ith

 a
n 

as
te

ris
k 

ar
e 

ne
w

 r
ec

or
ds

 f
or

 t
he

 P
en

ín
su

la
 

Ib
ér

ic
a.

 //
 A

n
ex

o
 1

. L
is

ta
do

 d
e 

fa
m

ili
as

 y
 e

sp
ec

ie
s 

y 
nú

m
er

o 
de

 lo
s 

ej
em

pl
ar

es
 e

st
ud

ia
do

s 
de

 c
ad

a 
se

xo
 y

 e
st

ad
io

 d
e 

de
sa

rr
ol

lo
 (

D
: d

eu
to

ni
nf

a:
 P

: p
ro

to
ni

nf
a;

 L
: l

ar
va

).
 L

as
 e

sp
ec

ie
s 

co
n 

un
 a

st
er

is
co

 s
on

 
nu

ev
as

 c
ita

s 
pa

ra
 la

 P
en

ín
su

la
 ib

ér
ic

a.
 S

P
R

: S
pr

in
g;

 S
U

M
: S

um
m

er
; A

U
T

: A
ut

um
; W

IN
: W

in
te

r.
 

 
M

E
S

O
S

T
IG

M
A

T
A

 
(♀

♂
 =

 a
d

u
lt

s,
 D

 =
 D

eu
to

n
ym

p
h

s,
  

P
 =

 P
ro

to
n

ym
p

h
s

, 
L

=
  

L
ar

va
e

) 

B
eu

n
za

 (
B

o
) 

 
O

A
K

 
E

ri
ze

-A
te

z 
 (

E
l)

  
L

A
R

C
H

 
Q

u
in

to
 R

ea
l (

Q
R

l 
) 

 
L

A
R

C
H

 
S

P
R

 
S

U
M

 
A

U
T

 
W

IN
 

S
P

R
 

S
U

M
 

A
U

T
 

W
IN

 
S

P
R

 
S

U
M

 
A

U
T

 
W

IN
 

F
. 

A
sc

id
ae

 
 

 
 

 
 

 
 

 
 

 
 

 
A

rc
to

se
iu

s 
m

in
ut

us
 (

H
al

be
rt

, 1
91

5)
 

- 
- 

- 
- 

- 
- 

- 
- 

- 
1♀

 
1♀

 
- 

A
rc

to
se

iu
s 

ve
nu

st
ul

us
 (

B
er

le
se

, 1
90

7)
 

- 
- 

- 
- 

- 
- 

- 
- 

1♀
 

- 
1♀

, 1
♂

 
7♀

, 1
♂

, 2
D

 
A

rc
to

se
iu

s 
sp

. 
- 

- 
- 

- 
1♀

 
- 

- 
- 

- 
1♀

 
- 

1D
 

A
sc

a 
ap

hi
di

oi
de

 (
Li

nn
ea

us
, 1

75
8)

 
- 

7♀
, 5

D
, 5

P
 

4♀
, 2

P
 

3♀
 

- 
- 

- 
- 

- 
- 

- 
- 

*G
am

as
el

lo
de

s 
bi

co
lo

r 
(B

er
le

se
, 1

91
8)

 
3♀

 
6♀

 
1♀

 
- 

- 
- 

- 
- 

- 
2♀

 
- 

1♀
 

F
. 

E
p

ic
ri

id
ae

 
 

 
 

 
 

 
 

 
 

 
 

 
B

er
le

si
an

a 
be

un
za

na
 M

or
az

a,
 2

00
6 

- 
3♀

, 4
♂

 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
E

pi
cr

iu
s 

jo
nh

st
on

i M
or

a
za

, 
20

05
 

2♂
 

1♂
 

- 
- 

- 
- 

2♀
 

- 
1♀

 
2♀

, 4
♂

, 2
P

 
1 

3 
F

. 
E

vi
p

h
id

id
ae

 
 

 
 

 
 

 
 

 
 

 
 

 
O

ph
id

io
so

m
a 

sp
. 

- 
5D

 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
F

. 
H

ir
st

yo
n

is
si

d
ae

 
 

 
 

 
 

 
 

 
 

 
 

 
H

irs
tio

ny
ss

us
 s

p.
 

1♀
 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
F

. M
ac

ro
ch

el
id

ae
 

 
 

 
 

 
 

 
 

 
 

 
 

*G
eh

ol
as

pi
s 

lo
ng

is
pi

no
su

s 
(K

ra
m

er
, 1

89
76

) 
- 

1♀
 

- 
- 

- 
- 

- 
- 

- 
- 

- 
3♀

, 1
P

 
*G

eh
ol

as
pi

s 
m

an
di

bu
la

ris
 (

B
er

le
se

, 1
90

4)
 

- 
1♀

 
- 

- 
- 

- 
- 

- 
2♀

 
- 

- 
- 

M
ac

ro
ch

el
es

 m
on

ta
nu

s 
(W

ill
m

an
n,

 1
95

1)
 

4♀
, 1

♂
 

2♀
, 4

D
 

- 
1♀

 
1♂

, 1
D

 
- 

1♀
, 1

D
 

- 
- 

1♂
 

2♀
, 1

♂
, 1

D
 

D
 

M
ac

ro
la

sp
is

 s
p.

 
- 

- 
- 

- 
- 

- 
- 

- 
- 

1♀
, 1

♂
 

- 
- 

F
. L

ae
la

p
id

ae
 

 
 

 
 

 
 

 
 

 
 

 
 

H
yp

oa
sp

is
 (

E
ua

nd
ro

la
el

ap
s)

 k
ar

aw
ae

w
i (

B
er

le
se

, 1
90

3)
 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
1♀

 
H

yp
oa

sp
is

 (
G

eo
la

el
ap

s)
  

sp
.  

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
1♀

 
P

se
ud

ol
ae

la
ps

 d
od

er
oi

 S
ol

ar
i, 

19
54

 
1♀

 
5♀

 
- 

- 
5♀

, 3
♂

 
- 

1♀
 

- 
10

♀
, 1

♂
 

- 
1♀

 
- 

*P
se

ud
op

ar
as

itu
s 

de
nt

at
us

 (
H

al
be

rt
, 1

92
0)

 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

1♀
 

F
. P

ac
h

yl
ae

la
p

id
ae

 
 

 
 

 
 

 
 

 
 

 
 

 
*P

ac
hy

se
iu

s 
an

gu
st

iv
en

tr
is

 W
ill

m
an

n,
 1

93
5

 
1♀

 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

P
se

ud
op

ar
as

itu
s 

(P
se

ud
op

ac
hy

s)
 p

ar
as

iti
za

ns
 B

er
le

se
, 

19
16

 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
1♀

 
1♂

, 1
D

 

F
. 

P
ar

as
it

id
ae

 
 

 
 

 
 

 
 

 
 

 
 

 
H

ol
op

ar
as

itu
s 

ca
lc

ar
at

us
 (

C
. L

. K
oc

h,
 1

83
9)

 
3♀

 
1♂

 
- 

- 
- 

- 
1♂

 
6♀

, 2
♂

 
2♀

 
- 

- 
3♀

 
*H

ol
op

ar
as

itu
s 

ob
so

lo
ni

 (
W

ill
m

an
n,

 1
94

0)
 

- 
- 

- 
- 

- 
- 

- 
- 

4♀
 

- 
- 

2♂
 

H
ol

op
ar

as
itu

s 
st

ra
m

en
ti 

c.
f. 

K
ar

g,
 1

97
1 

 
- 

- 
- 

- 
- 

- 
- 

- 
- 

1♀
, 1

♂
, 1

D
1♀

 
4♀

, 3
♂

 
P

a
ra

si
tu

s 
sp

. 
1 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
1♀

, 1
P

 
P

a
ra

si
tu

s 
sp

. 
2 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
1♀

, 3
♂

 
*P

ar
ag

am
as

us
 d

is
pa

rin
as

 A
th

ia
s-

H
en

rio
t, 

19
67

 
- 

- 
- 

- 
- 

- 
- 

- 
4♂

, 1
p 

- 
- 

- 
*P

ar
ag

am
as

us
 lo

ng
is

et
os

us
 (

B
ha

tta
ch

ar
yy

a,
 1

96
3)

 
- 

- 
- 

- 
1♀

, 1
♂

 
- 

3♀
, 1

♂
 

1♀
, 1

♂
 

- 
- 

- 
- 

P
ar

ag
am

as
us

 n
av

ar
re

ns
is

 A
th

ia
s-

H
en

rio
t, 

19
67

 
7♀

, 1
1♂

, 
7P

 
28

♀
, 2

5♂
 

4♀
, 2

♂
, 1

D
 

4♀
, 2

♂
, 

4D
, 

1P
 

9♀
, 6

♂
, 3

D
 

- 
3♀

, 1
D

, 2
P

 
6♀

, 2
♂

, 
1D

 
4♀

, 1
0♂

 
1♀

 
7♀

, 6
♂

, 2
D

 
7♀

, 8
♂

, 1
D

 

P
ar

ag
am

as
us

 p
on

an
tin

us
 A

th
ia

s-
H

en
rio

t, 
19

67
 

2♀
, 4

P
 

28
♀

, 1
♂

 
15

♀
, 2

6♂
 

3♀
, 2

♂
 

- 
- 

12
♀

, 1
2♂

 
3♀

, 1
♂

 
9♀

, 6
♂

, 1
D

, 
1L

 
8♀

, 6
♂

 
15

♀
, 2

0♂
, 2

D
7♀

, 1
6♂

 
P

ar
ag

am
as

us
 r

ot
ha

m
st

ed
en

si
s 

B
ha

tta
ch

ar
yy

a 
19

63
 

2♀
 

42
♀

, 1
♂

 
1♀

, 1
♂

 
2♀

, 2
♂

 
11

♀
, 1

♂
 

- 
2♀

 
1♀

 
2♀

 
15

♀
 

13
♀

, 1
♂

, 2
D

 
31

♀
, 4

♂
 

P
er

ga
m

as
us

 r
ob

us
tu

s 
(O

ud
em

an
s,

 1
90

2)
 

1♀
, 3

D
 

7♀
, 2

♂
 

- 
- 

9♀
, 1

♂
, 1

D
 

- 
1♂

, 2
D

 
3♀

, 1
♂

, 
1D

 
1♀

 
2♀

 
1♀

, 1
♂

, 1
D

 
- 

P
ar

ag
am

as
us

 im
m

at
ur

e 
st

ag
es

 
2D

. 
5P

 
1D

, 
60

P
 

1D
, 

4P
, 3

L 
- 

75
D

 
- 

7P
 

3P
 

75
D

 
62

D
 

- 
- 

F
. 

P
h

yt
o

se
ii

d
ae

 
 

 
 

 
 

 
 

 
 

 
 

 
*A

m
bl

ys
ei

us
 f

ili
xi

s 
K

ar
g,

 1
97

0 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
1♀

 
- 

A
m

bl
ys

ei
us

 s
p.

1 
1♀

 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

F
. R

h
o

d
ac

ar
id

ae
 

 
 

 
 

 
 

 
 

 
 

 
 

R
ho

da
ca

ru
s 

co
ro

na
tu

s 
B

er
le

se
, 1

92
1 

1♀
, 2

♂
, 1

L
5♀

, 3
♂

 
22

P
 

1♀
, 1

♂
 

- 
- 

- 
- 

1♂
 

1♂
 

- 
5♀

, 2
♂

, 
15

2P
 



M
E

S
O

S
T

IG
M

A
T

A
 

(♀
♂

 =
 a

d
u

lt
s,

 D
 =

 D
eu

to
n

ym
p

h
s,

  
P

 =
 P

ro
to

n
ym

p
h

s
, 

L
=

  
L

ar
va

e
) 

B
eu

n
za

 (
B

o
) 

 
O

A
K

 
E

ri
ze

-A
te

z 
 (

E
l)

  
L

A
R

C
H

 
Q

u
in

to
 R

ea
l (

Q
R

l 
) 

 
L

A
R

C
H

 
S

P
R

 
S

U
M

 
A

U
T

 
W

IN
 

S
P

R
 

S
U

M
 

A
U

T
 

W
IN

 
S

P
R

 
S

U
M

 
A

U
T

 
W

IN
 

F
. 

V
eg

ai
d

ae
 

 
 

 
 

 
 

 
 

 
 

 
 

*V
ei

ga
ia

 b
ou

vi
er

i (
B

er
le

se
, 1

91
6)

 
1♀

, 2
♂

, 3
P

3♀
, 5

♂
, 8

D
, 2

P
 

- 
4♀

, 1
♂

, 
1D

 
17

♀
, 6

♂
, 6

6D
 

- 
4♀

, 3
D

 
7♀

, 6
♂

, 
11

D
 

1♀
, 2

♂
 

4♀
. 1

♂
, 2

D
, 

2P
, 1

L 
2♀

, 2
D

, 1
P

 
9♀

, 3
♂

, 4
D

, 
8P

 
V

eg
ai

a 
ne

m
or

en
si

s 
(C

. L
. K

oc
h,

 1
83

9)
 

2♀
, 4

D
, 3

P
12

♀
, 3

♂
, 2

D
, 1

P
, 

1L
 

13
♀

, 1
♂

, 5
D

 
♀

 
3♀

 
- 

- 
- 

12
♀

, 1
D

, 1
P

 
10

♀
, 2

D
, 

8P
, 1

L 
2♀

 
28

♀
. 2

3D
, 

3P
 

V
ei

ga
ia

 p
la

ni
co

la
 (

B
er

le
se

, 1
89

2)
 

1D
 

- 
- 

- 
3♀

, 1
D

 
- 

1♀
, 1

D
 

11
♀

 
- 

- 
- 

- 
V

ei
ga

ia
 s

p.
 

- 
- 

- 
- 

1♂
 

- 
- 

1♂
 

- 
- 

- 
- 

F
. 

Z
e

rc
o

n
ii

d
a

e 
 

 
 

 
 

 
 

 
 

 
 

 
P

ro
ze

rc
on

 lu
tu

le
nt

us
 H

al
as

ko
vá

, 1
96

3 
- 

- 
- 

- 
- 

- 
- 

- 
1♂

, 
1P

, 
2L

 
- 

- 
2♀

, 2
♂

 
P

ro
ze

rc
on

 t
el

le
ch

ea
i M

or
az

a,
 1

99
0 

- 
5♀

, 8
♂

  
4♀

, 2
P

 
1♂

 
35

♀
 

- 
17

♀
,6

♂
,1

3P
, 

3L
 

14
♀

, 1
0♂

, 
16

D
, 7

P
, 

2L
 

- 
- 

- 
- 

Z
er

co
n 

gu
ad

ar
ra

m
ic

us
 M

ih
el

ci
c,

 1
96

0 
- 

- 
- 

- 
- 

- 
- 

- 
1♀

 
1♂

 
- 

- 
Z

er
co

n 
ke

is
er

i S
ch

w
ei

ze
r 

19
49

 
- 

- 
- 

- 
- 

- 
- 

- 
3♂

, 1
D

 
- 

- 
1♂

 
Z

er
co

n 
pa

riv
us

 M
or

az
a,

 1
99

1 
2♀

, 1
0P

, 
2L

 
17

♀
, 1

2L
 

1♀
, 1

0P
 

4♀
, 4

D
, 

3P
 

- 
- 

1D
 

- 
1♀

 
- 

- 
- 

Z
er

co
n 

pe
lta

tu
s 

C
.L

 K
oc

h,
 1

83
6 

1♀
 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
Z

er
co

n 
pu

st
ul

es
ce

ns
 A

th
ia

s-
H

en
rio

t, 
19

61
 

3♀
, 2

♂
, 2

D
3♀

 
- 

- 
- 

- 
- 

- 
- 

- 
1♂

, 2
D

 
1♂

, 1
D

, 1
L 

 
 

 
 

 
 

 
 

 
 

 
 

 
U

R
O

P
O

D
IN

A
 

F
. 

U
ro

p
o

d
id

ae
 

 
 

 
 

 
 

 
 

 
 

 
 

C
ill

ib
a 

ca
ss

id
ea

 (
H

er
m

an
n,

 1
80

4)
 

2♀
,3

♂
,1

7D
25

♀
,8

♂
,2

3D
,9

P
2♀

, 1
D

 
2♀

,4
♂

,2
D

, 
1

P
 

5♀
,4

♂
,1

4D
,5

P
,1

L 
- 

4♀
,2

D
 

4♀
,1

♂
,4

D
,4

P
,5

L 
2♀

,2
♂

,1
D

,1
L 

3♀
,2

♂
,1

0D
,

1P
,6

L 
2♀

,1
D

,1
P

,7
L 

11
♀

, 8
♂

, 
11

D
, 

21
P

,7
L 

C
ill

ib
a 

se
lln

ic
ki

 H
irs

ch
m

an
n 

&
 Z

irn
gi

eb
l-N

ic
ol

, 1
96

9 
- 

- 
- 

- 
1♀

, 1
D

 
- 

2♀
 

1♀
 

- 
- 

- 
- 

U
ro

po
da

 m
in

im
a 

K
ra

m
er

, 
18

82
 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

F
. 

D
n

yc
h

id
a

e 
 

 
 

 
 

 
 

 
 

 
 

 
D

in
yc

hu
s 

hi
sp

an
ic

us
 (

G
ily

ar
ov

 &
 B

re
ge

to
va

, 1
97

7)
  

3♀
,3

♂
,5

D
,

32
P

 
17

♀
,2

6♂
,7

D
,1

1P
1♀

,3
♂

,4
D

,2
P

 
3♀

,7
♂

,9
D

,3
P

 
- 

- 
- 

- 
- 

1♀
, 1

♂
, 1

D
, 

1P
 

- 
4♂

, 2
P

 

F
. 

D
is

co
u

re
lli

d
ae

 
 

 
 

 
 

 
 

 
 

 
 

 
*D

is
co

ur
el

la
 b

al
og

hi
 H

irs
ch

m
an

n 
&

 Z
irn

gi
eb

l-N
ic

ol
 1

96
9 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
1♀

,6
♂

,1
D

,3
P

 
F

.T
ra

ch
yt

id
ae

 
 

 
 

 
 

 
 

 
 

 
 

 
P

ol
ya

sp
in

us
 c

yl
in

dr
ic

us
 B

er
le

se
, 1

91
6 

2♀
 

1♀
 

- 
- 

- 
- 

- 
- 

3♀
, 2

♂
, 5

D
,  

2P
 

3♀
, 1

P
 

- 
4♀

, 3
♂

, 1
D

, 
3P

 
T

ra
ch

yt
es

 a
eg

ro
ta

 (
C

. 
L.

 K
oc

h,
 1

84
1)

 
3♀

, 2
P

 
11

♀
, 3

D
, 3

P
, 1

L
1♀

 
9♀

, 1
P

 
9 

- 
1 

1 
- 

2♀
, 2

D
, 3

P
 

2♀
. 2

D
 

2♀
, 3

D
, 3

P
 

*T
ra

ch
yt

es
 e

us
tr

uc
tu

ra
 H

irs
ch

m
an

n 
&

 Z
irn

gi
eb

l-N
.1

96
9 

- 
70

♀
, 9

6♂
, 9

1D
, 

1P
 

6♀
, 2

♂
, 3

D
, 2

P
 

3♀
, 6

♂
 

- 
- 

- 
- 

- 
4♀

, 8
♂

, 4
D

2♀
, 2

D
 

2♀
, 3

D
, 3

P
 

T
ra

ch
yt

es
 w

el
bo

ur
ni

 M
or

az
a,

 1
98

9 
3♀

, 2
♂

, 
16

P
 

4♀
, 3

♂
 

1♀
, 1

♂
 

6♀
, 2

♂
 

7♀
, 6

♂
, 1

P
 

- 
1♀

, 1
D

 
1♀

 
2♀

, 1
♂

, 2
P

 
- 

- 
2♂

 

F
. 

D
in

yc
h

id
ae

 
 

 
 

 
 

 
 

 
 

 
 

 
*U

ro
di

as
pi

s 
te

ct
a 

(K
ra

m
er

, 1
87

6)
 

1♀
, 1

D
 

- 
2D

, 
1P

 
- 

- 
- 

- 
- 

- 
- 

- 
- 

 
 

 
 

 
 

 
 

 
 

 
 

 
N

u
m

b
er

 o
f 

st
u

d
ie

d
 s

p
ec

im
en

s 
20

8 
77

3 
15

5 
10

6 
31

6 
0 

10
0 

13
8 

18
7 

19
6 

11
4 

45
9 

  


