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A B S T R A C T 

In the present paper an analysis is made of the variation in the number of ungues in the claws of 
Ameronothrus schneideri (Oudemans), an Oribatid mite. This variation is attributable to the regression 
of the two lateral ungues which are completely suppressed in the course of evolution (they are either 
present or absent). The laws of this numerical evolution (it is a so-called vertitional evolution) ap-
pear to be statistical, and do not determine individual events precisely (as the laws of the particles in 
quantum mechanics). In a population, each of the claws has a probability of manifestation. The 
variation of this probability of manifestation shows a very interesting geographical pattern which is 
as yet difficult to explain. Various correlations of the evolutionary processes in the eight legs are 
studied, and suggestions are given for continued research. 

INTRODUCTION 

D u r i n g his studies of the O r i b a t i d mites of saline areas in the D u t c h Wadden 
Sea and other parts of N . W . Europe , M r . P . J . G . Polderman and his col­
laborators collected numerous specimens of Ameronothrus schneideri (Oudemans) at 
localities in Norway , Denmark , N . W . G e r m a n y , T h e Netherlands, France and 
Great Br i ta in (cf. Po lderman, 1974, 1975). A l though the species was described 
as monodactyl (cf. Schubart, 1975), Polderman's specimens presented 
monodactyl , bidactyl , as well as tridactyl claws, even i n one ind iv idua l , a var ia ­
tion comparable to that studied by Grandjean (1961) and L ions (1964) in other 
species of O r i b a t i d mites. A detailed analysis of the variation in the number of 
ungues was subsequently carried out by the first author, whilst the text of the 
present paper was composed by the second author. Ant i c ipat ing the completion 
of the present paper, the second author mentioned some of the results in his 
paper on Numer i ca l Changes and Evolut ion in Act inotr i chid Mi tes ( V a n der 
H a m m e n , 1981) 1). 

') The authors are grateful to M r . P. J . G . Polderman (who discovered the variability of the 
number of ungues in Ameronothrus schneideri) for making available the material. They are also grateful 
to him for helping the first author during the initial phase of the analysis of the material. 
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In his monograph of the family Ameronothridae, Schubart (1975) mentioned 
nine Ameronothrus species, among which one species of uncertain identity, that 
was subsequently described by W e i g m a n n & Schulte (1975). The geographical 
distribution of the species was thought to be holarctic, t i l l W e i g m a n n (1975) 
published data on the occurrence of the genus in South Afr i ca . Accord ing to 
Schulte, Schuster & Schubart (1975), the species of Ameronothridae fall into four 
ecological groups: stenotopic inhabitants of the marine l ittoral , eurytopic i n ­
habitants of the l ittoral , holeurytopic inhabitants of the l ittoral , and stenotopic 
in land species. A l l stenotopic species are confined to hard substrates. The 
eurytopic species predominate on rocky shores (either free from, or rich in 
sediments), or in the salt-marsh. The holeurytopic species are indifferent to 
substrates. In warmer climates, the eurytopic species tend to become stenotopic. 
Ameronothrus schneideri belongs to the second ecological group (eurytopic i n ­
habitants of the littoral). 

In the genus Ameronothrus, claws with three ungues are predominantly found in 
species l iv ing on hard substrates, claws with one ungues in species l iv ing on soft 
substrate, although there are some notable exceptions. Ameronothrus schneideri, in 
which the number of ungues varies from three to one, is found in vegetations on 
soft substrate, outside the dikes, which are regularly or sporadically inundated 
by sea-water or by brackish water of a salinity higher than 0 .05% . Accord ing to 
Polderman (1974), the species is a characteristic element of two communities: 
the Puccinel l ietum maritimae (especially the lower part), and the Junce tum 
gerardii (outside the dikes). Ameronothrus schneideri is known from the Atlantic 
coasts of Europe (from Norway to South Portugal) and from M a d e i r a (Schulte, 
1975: 344-345). T h e type-specimen of Ameronothrus schneideri ( in the Oudemans 
Col lect ion, R i jksmuseum van Natuurl i jke Histor ie , Leiden) originates from 
B o r k u m island, N . W . G e r m a n y (cf. Oudemans , 1903); all legs of this specimen 
are monodactyl . 

Accord ing to W e i g m a n n (1973: 358), Ameronothrus schneideri can support long 
periods of inundation; in submerged condit ion, it clings to objects with the help 
of its claws, and is even able to walk among the vegetation and on the substrate. 
In cultures, it has been observed to feed on filamentous algae and fungi ( L u x t o n , 
1966: 168). 

Reproduct ion in Ameronothrus schneideri is bisexual. Males and females are 
found in variable numbers. T h e two sexes generally present slight differences in 
average measurements of body and legs (cf. Schubart, 1975). 

A summary of previous investigations on the variation in numbers of ungues, 
i n O r i b a t i d mites, was published by V a n der H a m m e n (1981). T h e following 
passages are quoted from his paper. 

T h e ancestral claw of Act inotr i chid mites (cf. Grandjean , 1939: 539-546) was 
tridactyl in all stases, as still found in Endeostigmata and Palaeosomata 
(Aphelacarus acarinus (Berlese)). In most O r i b a t i d mites, the tridactyl claw has, 
however, been subject to regression, and has become monodactyl in all i m ­
mature stases; in the adults the claws can be mono- , b i - or tridactyl . In the 
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course of evolution, monodactyly can arise by suppression of the two lateral 
ungues (ol' and ol"), homobidactyly by suppression of the central unguis (oc), 
heterobidactyly by suppression of one of the lateral ungues (οϊ or ol"). (The 
symbolic signs ' and " denote the elements of the anterior, respectively the 
posterior face of the legs). 

Several cases of numerical regression of the claws have been investigated in 
detail. Grandjean (1939, 1961, 1965) studied the regression of the ungues of the 
claws in Nothrus silvestris Nicolet , an O r i b a t i d mite of which the reproduction is 
parthenogenetic. H e based his study on material from various parts of France, 
Switzerland and Italy. In the genus Nothrus, the lateral ungues can be subject to 
numerical regression. Adults of Nothrus silvestris are, generally, bidactyl (the 
ungues mostly found are ol' and oc; ol' is stronger than ol"); specimens with 
monodactyl and tridactyl claws are, however, also found (monodactyl claws are 
regularly found, the occurrence of tridactyl claws is rare, and appears to be 
restricted, in a specimen, to one leg at the utmost). T h e evolution of the ungues 
is vert it ional 1 ) : regression manifests itself partly asymmetrical ; in many cases 
different legs present different claws; the specimens of one population seldom 
belong to one claw-type. Bidactyly appears to be statistically predominant in 
wooded areas, monodactyly in open country. Statistically, the lateral ungues of 
legs I and II disappear before those of legs III and I V . 

Accord ing to Grandjean (1965: 109), unguis ol" is stronger than ol' i n the case 
of Nothrus anauniensis Canestr ini & Fanzago (οl' is stronger in the case of Nothrus 
silvestris). In Nothrus anauniensis, specimens generally present tridactyl claws; 
bidactyl claws are, however, also found, whilst specimens with monodactyl claws 
are extremely rare. 

L ions (1964: 41-65) studied the variation of the numbers of ungues in 
Rhysotritia ardua ( C . L . K o c h ) , an O r i b a t i d mite. T h e reproduction of this species 
is probably also parthenogenetic. L ions based his investigations on material 
from three different biotopes in the surroundings of Aix-en-Provence , in France. 
Rhysotritia ardua is predominantly bidactyl at leg I and tridactyl at legs I I - I V . 
Regression has, consequently, started at leg I. In bidactyl claws of this species, 
the ungues are mostly ol" and oc. Monodacty l claws are also found. Claw-types 
are, generally, distributed over the legs in a more or less asymmetrical and ap­
parently irregular way; evidently the variations must be attributed to vertitional 
evolutions. H o m o n y c h i a (the occurrence of one claw-type in all legs of a 
specimen; the term is introduced here on the analogy of heteronychia) appeared 
to be more common in specimens from the open country, heteronychia (the oc-

') A vertition is a discontinuous individual variation of presence-absence, pertaining to an 
idionymous organ observed in specimens of the same species, at the same stase, provided that this 
variation is fundamentally unilateral, and has an evolutionary significance. Generally, vertitions are 
repeated in part of the offspring; they are not immediately hereditary (in the offspring they have a 
certain probability of manifestation). Vertitions are probably the result of gene regulation. (The 
laws of this type of evolution are similar to those of the particles in quantum mechanics.) References 
to the literature on the subject are given by V a n der Hammen (1980: 167). 
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currence of various claw-types in the legs of one specimen) appeared to be more 
common in shaded country. T h e order of regression, in the legs, presented dif­
ferences of a very complex nature. 

Matsakis (1967) made a mathematical analysis of the data collected by L ions . 
H e discovered the existence of distinct, although very complicated connections 
between the variations; a number of elementary processes appeared to have 
acted together and in superposition. Statistically, ol" appeared to be stronger 
than ol' ; there was, however, also a double priority because the lateral ungues of 
legs II and III were statistically stronger than those of legs I and I V . Matsakis 
discovered also the presence of a certain balance (association of opposite and 
mutual ly compensatory variations) between oV and ol" in neighbouring sym­
metrical or adjacent legs. Evident ly , we are dealing here with the effects of a 
balanced distribution of some regulatory material , present in a restricted quanti ­
ty. 

M A T E R I A L 

A s mentioned above, the material on which the present study is based was col­
lected (by extraction from samples taken from the soil , 10 cm in diameter, to a 
depth of 5 c m , inc luding the vegetation) in Norway , Denmark , N . W . G e r m a n y , 
T h e Netherlands, France and Great B r i t a i n . Data with reference to stations and 
samples are given in table 1. T h e numbers of the stations are indicated on the 
map of fig. 1. T h e distribution of these localities is partly determined by the 
distribution of salt-marshes. T h e occurrence of important gaps is, however, also 
connected with the incidental character of the collecting done in N o r w a y , France 
and Great B r i t a i n . A l l the material analysed for the present study (with the ex­
ception of a few specimens that got lost) is in the collection of the Ri jksmuseum 
van Natuurl i jke Histor ie , Le iden . 

T h e ecological data mentioned in table 1, include either references to the 
plant-communities (Puccinell ietum marit imae, Junce tum gerardii , 
Artemis ietum marit imae; nomenclature according to Westhoff & D e n H e l d , 
1969) or references to the species of plants present in the samples ( in some cases, 
data were lacking, or were restricted to other information). T h e following names 
of plants are included i n the table. H igher plants: Agrostis stolonifera L . , Armeria 
maritima ( M i l l . ) W i l d l . , Aster tripolium L . , Cochlearia anglica L . , Elytrigia pungens 
(Pers.) T u t i n , Epilobium parviflorum Schreb. , Festuca rubra L . , Glaux maritima L . , 
Halimione portulacoides (L . ) Ae l l en , Juncus gerardii L o i s l . , Juncus maritimus L a m k . , 
Limonium vulgare M i l l . , Plantago maritima L . , Puccinellia maritima (Huds . ) P a r i . , 
Salicornia europaea L . , Solanum dulcamara L . , Spergularia marina (L . ) Gr i seb . , 
Spergularia media ( L . ) C . Pres l . , Spergularia spec , Suaeda maritima ( L . ) D u m . , 
Suaeda s p e c , Triglochin maritima L . Mosses: Funaria hygrometrica H e d w . 
Chlorophyceae: Rhizoclonium riparium (Roth) H a r v . Rhodophyceae: Bostrychia 
scorpioides (Huds . ) M o n t . , Catenella spec. 
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Fig. 1. Sketch-map of N . W . Europe, showing the localities (with station-numbers) in which material 
of Ameronothrus schneideri (Oudemans) was collected. 

R E S U L T S 

In the 89 samples listed i n table 1, a total number of 838 adults of Ameronothrus 
schneideri was found (38 from Norway , 317 from D e n m a r k , 78 from G e r m a n y , 
243 from T h e Netherlands, 108 from France, and 54 from Great Brita in) . In 
these specimens, a total number of 6704 claws was investigated, and the 
variabi l i ty was represented by using the following symbols, introduced by Lions 
(1964): Τ = tridactyl claw, consisting of the central unguis oc, the anterior lateral 
unguis οΓ, and the posterior lateral unguis ο/"; Β ' = bidactyl claw, consisting of 
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oc and ol' \ B " = bidactyl claw, consisting of oc and ol"; M = monodactyl claw, 
consisting of oc. T h e eight legs were represented by the usual symbols: II = left 
leg I; I r = right leg I; etc. T h e complete results are represented in table 2. 

DISCUSSION 

A t first sight, the most conspicuous character of table 2 seems to be constituted 
by the chaotic distribution of claw-types in the material . A l l claw-types (T , B ' , 
Β ", M ) can be found in one population, as well as simultaneously in one 
specimen; in a population, each of the legs can present all claw-types. O n closer 
examination the variation appears, however, to present statistical regularities 
which form part of the vertit ional , regressive evolution of the two lateral claws 
(ol' and ol"). T h e regression evidently takes place by complete suppression: each 
of the lateral claws is either present or absent (without transition). T h e suppres­
sion forms part of an evolutionary tendency in the genus Ameronothrus, directed 
towards the development of species which are completely monodactyl at the 
adult level. 

A few remarks must be made here, before we can enter on a further discussion 
of the results. F r o m a first study of the material , it has appeared that there is no 
connection between claw-type and sex, no linear connection between claw-type 
and leg-number, and no connection between claw-type and biotope. Anomalous 
claws appeared to be very rare; the single anomaly observed, referred to a lateral 
unguis ( in a bidactyl specimen) which was too small . 

O n e of the first things observed, after a closer investigation of the results of 
table 2, is the statistical occurrence of a certain geographical variat ion. In table 
3, the numbers for the claw-types (Τ , Β ' , Β ", M ) are arranged according to 
geographical region, and according to separate legs. It appears that the number 
of tridactyl legs is relatively high in material from Norway (48.4%); this number 
decreases progressively along the coasts in southern direction: W . Denmark , 
2 3 % ; E . Denmark , 8 . 3 % ; N . W . G e r m a n y , 1.4%; N . Netherlands, 1.2%; S. 
Netherlands, 0 .3% ; N . France, 0% . A t the same time the number of monodac­
tyl legs increase from 16.8% in N o rway , to 9 8 % in N . France. (In the complete 
material , 13% of the legs present tridactyl claws, 71 .4% of the legs monodactyl 
claws). South of the Strait of Dover , the number of tridactyl claws is again con­
siderably higher (Brittanny, 69 .5%) . O n a smaller scale, the same variation is 
found in material from Great B r i t a i n , although the number of specimens in our 
collection is too small for a definite conclusion; there appeared to be a decrease in 
the number of tridactyl specimens from Orkney to The W a s h (Lincolnshire , 
Norfolk) and to the Lancashire coast, and an increase further southward, on the 
Essex coast. 

It stands to reason that, in a detailed analysis of the vertitional regression of 
the claws, both ungues (ol' and ol") have to be studied separately. In table 3, the 
average presence of ol ' and ol " is given for each geographical region*, expressed 
in values ranging from 1.0 (absolute presence) to 0 (absolute absence). (The 
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value for ol' is computed by div id ing the sum of Τ and Β ' by the total number of 
legs; the value for ol" is computed by div id ing the sum of Τ and Β " by the total 
number of legs). Table 3 demonstrates that the presence of ol' decreases, from 
Norway to N . France, from 0.71 to 0.01, and suddenly increases in the material 
from Brittany (0.86); the values for ol" are respectively 0.61, 0.01 and 0.77. 
(Evidently , ol' is stronger than ol"; it offers more resistance to regression). 
Simi lar values are found in the material from Great Br i ta in . 

In table 4, the total number of the four claw­types, and the presence of the two 
lateral ungues, are given for each of the eight legs and for each of the four pairs 
of legs. This table demonstrates again that ol' is stronger than ol". Table 4 
demonstrates also that, statistically, there is little difference between the presence 
of ol' and ol" on the left and on the right side. T h e presence of ol' is lowest in the 
case of leg II (the presence increases i n , respectively, legs I, III , and I V ) ; the 
presence of ol" is lowest in the case of leg I (the presence increases i n , respective­

ly , legs I I , III , and I V ) . T h e position of the claw with reference to the plane of 
symmetry of the body, i.e. either paraxial (ol' in the case of legs I and I I , ol" i n 
the case of legs III and I V ) or antiaxial (ol" in the case of legs I and II , ol' in the 
case of legs III and I V ) , evidently has no influence on the regressive evolution. 

The presence of homonychia (i.e. the occurrence of one claw­type in all legs of 
one specimen) has been computed in table 5. T h e presence of homonychous 
tridactyl specimens (representing the starting­point of the regressive evolution) 
decreases from 0.13 in Norway to 0 in N . W . G e r m a n y , T h e Netherlands and N . 
France, and subsequently increases to 0.19 in Brittanny. T h e presence of 
homonychous monodactyl specimens (representing the f inal stage in the 
regressive evolution) increases from 0 in Norway to 0.87 in N . France, and 
subsequently decreases to 0 in Brittanny. Simi lar data, although on a much 
smaller scale, are obtained from the material collected in Great Br i ta in . 

A m o n g the total number of specimens, 2.6% appears to present tridactyl 
homonychia, 45 .2% monodactyl homonychia. Bidactyl homonychia (B ' or Β ") 
has not been found; both bidactyl claw­types represent a transitional stage in the 
regression from tridactyl to monodactyl claws; apparently, these transitional 
stages are hardly ever attained by all legs at the same time. 

A detailed comparative study of table 2 suggests that there could be a certain 
balance between ol' and ol" in the manifestation of regression in the eight legs, 
i .e. an association of opposite and mutually compensatory variations, in 
neighbouring symmetrical or adjacent legs. A n analysis, similar to that executed 
by Matsakis (1967), is required to confirm this first impression. 

T h e geographical variation in presence of ol' and ol" is difficult to explain. 
Apparent ly , an unknown external factor has influenced the regressive evolution, 
southward along the coast, as far as the Strait of Dover . T h e different grades 
along the coast could be connected, in some way, with differences in evolu­

tionary time and changes in the N o r t h Sea at the end of the Pleistocene. 
Although the material collected in Great Bri ta in is numerically too small to ar­

rive at a more definite conclusion, the general pattern agrees with the results 
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from other parts of N . W . Europe; the increase in number of tridactyl claws, 
however, has apparently already started on the Essex coast. 

Evident ly , the present investigation is but a first orientation, and should be 
repeated on a much larger scale. Add i t i ona l material should, in the first place, be 
collected along the Norwegian coast, i n the neighbourhood of the Strait of 
Dover , and along the Atlant ic coast of France and Portugal . Besides that, 
material should be studied, collected along the Baltic and Irish coasts. A much 
more numerous material from Great Br i ta in wi l l also be required for a better 
understanding of the variat ion. 

It w i l l certainly be interesting to study also the occurrence of vertitions (cer­
tainly rare) in other Ameronothrus species: the vertitional absence of lateral claws 
in predominantly tridactyl species, and the vertitional presence in predominant­
ly monodactyl species. Schubart (1975) recorded the occurrence of one bidactyl 
claw in a specimen of Ameronothrus lineatus (Thorel l ) , a predominantly tridactyl 
species. 
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TABLE 4. Total nuabers of th* four claw-types and of th* two lateral TABLE 5· Hoaonyehia 
clawa for each of th* eight lege and for eaoh of the four paira 

Stations Nuaber of Hoaonychia and ratio of occurrenoe 
Τ Β' Β" Ν ol' ol" speeiaens Τ M 

II 70 114 40 614 184 110 N1 38 5 (0 .13) 0 
Ir 77 113 M 607 190 118 DK1 32 1 (0.03) 11 (0.34) 
III 112 66 50 610 I78 162 DK2-4 285 0 83 (0.29) 
Ur 105 66 43 624 171 148 D 1 - 6 78 0 51 (O.65) 
IUI 127 73 54 584 200 I8I N L 1 - 9 74 0 50 (O.65) 
UIr 117 94 46 581 211 163 NL10-16 169 0 1 26 (0.75) 
IVl 123 77 62 576 200 I8j F1 31 0 27 (0.87) 
IVr 139 75 36 588 214 1 75 F2-3 77 15 (0 .19) 0 
Total 870 678 372 4784 1548 1 242 GB1 6 0 0 

GB2-7 34 0 24 (0.71) 
I 147 227 81 1221 374 228 GB8 4 1 (0.25 ) 0 
II 217 132 93 1234 349 310 GB9-10 10 0 7 (O.70) 
III 244 167 100 1165 411 344 
IV 262 152 98 1164 414 36O 

Total nuaber of speeiaens 838 
Total nuaber of legs 6704 
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