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Introduction

In herbivores the patterns of occlusional 
enamel ridges on the molars, used to grind 
vegetable food, vary greatly: from trans-
versely or semilunatic pleated in elephants 
and bovids, to voles (Arvicolidae) where the 
molars are covered with triangular enamel 
ridges around a dentin field. Guthrie (1973) 
mentioned that most microtine species pre-
fer the vegetative parts of plants (stem, leaves 
and roots). In the same article Guthrie also 
pointed out that the jaw movements of micro-
tines differ from many other grazers as they 
have a high antero-posterior component. In 

rodents in general, the extreme positions of 
the lower jaw are: A. Upper and lower rows of 
molars that cover each other; B. A lower jaw 
that is pulled forward until the incisors come 
into contact. The movement between A and B 
corresponds to the ’powerstroke’ when chew-
ing, in the direction of the origin of the super-
ficial masseter muscle (Niethammer 1980). 
During chewing the third upper molar (M3) 
and the first lower molar (m1) are less involved 
than the other molar teeth which may be an 
explanation for the evolution of microtoid 
molar patterns in which the molar rows are 
lengthened by an extension of M3 and m1 
(Niethammer 1980). 

In all vole species a superficial dental com-
parison of the enamel triangles is striking, 
but close observation reveals differences. In 
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Microtidae m1 is often conclusive in helping 
to identify the species (e.g. Balkan snow vole 
(Dinaromys bogdanovi), snow vole (Chiono-
mys nivalis) and root vole (Microtus oecono-
mus). In several Microtidae species, the third 
upper molar (M3) is more or less identical as 
far as the triangular enamel ridges are con-
cerned. This is not only true for the com-
mon vole, but also Günthers vole (M. guen-
theri) (Niethammer 1982a), Cabrera’s vole 
(M. cabrerae) (Niethammer 1982b), field vole 
(M. agrestis) (Krapp & Niethammer 1982) and 

Figure 1. M3 (left side) of common vole (Microtus arva-
lis) with various forms: simplex (S), transient (T), nor-
mal (N) and normal+ (N+) (according to Niethammer 
& Krapp (1982), with alterations).
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Figure 2. Percentages (white) of simplex forms of M3, with limits of confidence (black), of common vole (Microtus arva-
lis) in regions or countries in Europe (after table 72 in Niethammer & Krapp (1982); not included: multiple percent-
ages); 1: Island Guernsey (Great Britain); 2: Yeu Island (France), 3: Spain, 4: a National Park in Switzerland, 5: Bohemia 
(Czech Republic), 6: Thüringen (Germany), 7: Hannover and Braunschweig (Germany), 8: Köln (Germany), 9: the 
north of the Netherlands, 10: Vorarlberg (Austria), 11: Silesia (Poland), 12: Mähren (Slovakia), 13: Sachsen and Lausitz 
(Germany), 14: Ostpreuszen (Poland/Kaliningrad/Lithuania), 15: Danzig (Poland), 16: Ostpommern (Poland), 17: 
Westpommern (Germany), 18: Stettin (Poland), 19: N. Mecklenburg (Germany), 20: Schleswig (Germany), 21: Berlin 
(Germany), 22: E-Brandenburg (Germany), 23: Geestmünde-Frelsdorf (Germany), 24: Oldenburg (Hammelvarden) 
(Germany), 25: Krim (Russia); Subspecies of Microtus arvalis: 1 (M. a. sarnius), 2 (M. a. oayensis), 3 (M. a. asturianus), 
4 (M. a. rufescentefuscus), 5-10 & 24 (M. a. arvalis), 11-23 (M. a. duplicatus) and 25 (M. a. iphigeniae).
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root vole (Tast 1982). Surprisingly, in each 
of these species, M3 can have three (or even 
more) different forms: ‘simplex’, ‘normal’ and 
an intermediate form, referred to as ‘tran-
sient’ in this paper (figure 1). 

Stein (1931) was first to describe the ana-
tomical features of the M3 variations, when he 
found that northern subspecies have a much 
higher incidence of the simplex form than 
subspecies in the south. Zimmermann (1935) 
later confirmed this cline in a study of com-
mon voles (Microtus arvalis) from 17 central 
European sites. Niethammer & Krapp (1982) 
compiled an overview of simplex M3 forms of 
populations from Zimmermann’s sites, sup-
plemented with results of islands and other 
remote places. Figure 2 shows the percent-
ages of the presence of simplex M3 forms with 
the limits of confidence, based on the number 
of observations (for the calculations of these 
limits, see Materials and Methods). Figure 2 
shows a diverse spectrum of percentages, 

especially for the subspecies M. a. duplicatus 
(10-18) and M. a. arvalis (4-9). For the first 
subspecies the percentages and confidence 
limits vary widely and show hardly any over-
lap. For the second subspecies these limits 
reveal two percentages that form an exception 
on the low values, lower than 10%: in Olden-
burg (24) 43% of the sample had simplex M3 
variations, while amongst a population from 
the north of the Netherlands (9) the figure was 
17%, with confidence limits well above 10% 
(see figure 2).

The provisional outcome of a preliminary 
investigation of dentition in common voles in 
Zeeland indicated low values of simplex M3 
forms. Also it appeared that both simplex and 
transient variations occurred more frequently 
on the left side than on the right (J.P. Bekker, 
unpublished data). 

As mentioned before and shown in figure 2, 
apart from the north of the Netherlands and 
including the recently studied specimens 

Table 1. Selected sites in Zeeland of owl pellets containing the remnants of common voles (Microtus arvalis); 
Regions: SD: Schouwen-Duiveland, Th: Tholen, NB: Noord-Beveland, W: Walcheren, ZB: Zuid-Beveland and ZV: 
Zeeuws-Vlaanderen.

Coll. nr. Coll. Date Region Place M3 complete M3 incomplete
#09 14-11-1998 SD Westenschouwen 32 11
#12 4-12-2008 SD Brouwershaven 130 44
#33 24-12-2008 SD Brouwershaven 85 39
#01 mid 1997 Th Tholen 46 18
#10 June 1999 Th Tholen 74 16
#15 Jan. 1999 Th Tholen 68 12
#06 June 1999 Th Hollarepolder 27 6
#39 13-2-1999 NB Wissenkerke 138 31
#18 11-2-1995 W Arnemuiden 67 17
#03 18-6-1998 W Arnemuiden 65 19
#29 9-8-1997 W Middelburg 78 27
#27 1998 ZB Bath 129 33
#14 10-3-1999 ZB Bath 52 18
#22 30-10-1999 ZB Wolphaartsdijk 36 6
#17 Feb. 2007 ZV Axel 61 4
#26 5-11-1999 ZV Axel 26 7
#13 17-7-1997 ZV Sluiskil 92 27
#32 25-6-2007 ZV Hoek 48 11
Total 1254 346
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(n=180) from the Wieringermeerpolder by 
Markova et al. (2010), there seem to have been 
no other studies from other parts of the coun-
try into the frequencies of simplex M3 forms 
in common voles.

In this paper the frequencies of simplex, 
transient and normal M3 forms in this spe-
cies are determined in different regions of the 
province of Zeeland, in the southwest of the 
Netherlands. These regions of Zeeland are a 
cluster of former islands and peninsulas that 
became interconnected, in some cases centu-

ries ago (e.g. Zeeuws-Vlaanderen), in others 
just decades ago (e.g. Schouwen-Duiveland). 
The article also investigates the existence of 
a possible left-sided bias towards simplex and 
transient M3 forms. 

Materials and methods

Preserved common vole specimens, predomi-
nantly from barn owls’ pellets, collected and 
identified between 1995 and 2010, were avail-

Figure 3. Map of the province of Zeeland with regions and sites where owl pellets were collected (red dots). For 
abbreviations of the regions see the caption in table 1, for sites see the rows with the corresponding collection num-
bers (author’s own elaboration).
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able. A selection of these was made from sev-
eral sites, resulting in 1600 specimens, dis-
tributed over different parts of the Province of 
Zeeland (table 1, figure 3). In 1254 skulls the 
M3 on both sides were intact and on at least 
one side the length of the molar row could be 
measured. This was done using a calliper with 
an accuracy of within 0.02 mm. 

Up to almost 40% of the premaxillas, pre-
dominantly of young specimens, were miss-
ing from the studied skulls, making it impos-
sible to measure the diastema length in these 
skulls. Although Niethammer and Krapp 
(1982) show the diastema length to be a fair 
indication of age, this constraint led this study 
to focus on the length of the upper molar row 
rather than the diastema length, in an attempt 
to optimise the numbers of skulls that could 
be included in this study. The length of the 
upper molar row was used to control any bias 
in the presence of the simplex, transient or 
normal M3 forms, by different age categories. 

A schematic assessment of the morpho-

typical characteristics of the dental system 
of arvicolines, developed by Markova (2014) 
was used to assign and to rank the forms by 
the degree of complexity. The most common 
forms of M3 (some of which are illustrated in 
figure 1) are described below:
Simplex: There are three lingual, salient 
angles and the last backward bend shows no 
(lingual) angle or bulge (figure 4).
Transient: There are three lingual, salient 
angles and the last backward bend shows a 
lingual bulge, but no salient angle.
Normal: There are four lingual, salient angles; 
the last angle may be slightly shorter than the 
other lingual salient angles.
Normal+: There are four lingual, salient 
angles; the last angle may be slightly shorter 
than the other lingual salient angles. In addi-
tion, there is a backward-facing bulge with a 
dent (convexity) on the lingual side (figure 5).
Complex Typ3/5 and Complex Typ4/5: There 
are five lingual, salient angles; the last angle 
may be slightly shorter than the other lingual 

Figure 4. M3 (right side) of common vole (Microtus 
arvalis) with forma simplex (S); B: buccal side, L: lin-
gual side. 

Figure 5. M3 (right side) of common vole (Microtus arva-
lis) with forma normal+ (N+) and note the fourth salient 
angle at the buccal side; B: buccal side, L: lingual side.
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salient angles. There are three or four labial, 
salient angles respectively, with the last angle 
sometimes slightly shorter than the other 
labial salient angles. In addition, there is a 
backward-facing bulge with a dent (convex-
ity) on the lingual side. We adopted Markova’s 
(2014) suggestion of combining the categories 
“Normal+” and “Normal” and to include the 
first in the last category. 

A chi-squared test (Green et al. 1979) was 
used to test bilateral trait correlation for inde-
pendence. The frequencies of M3 forms and 
the absolute numbers are presented in tables 
2 and 3. Key statistics (M, Sd) of the length of 
the upper molar rows are presented for each 
form. To determine the statistical significance 
of the difference between percentages, a 95% 
confidence interval was calculated around the 
measured difference in percentages (Wilson’s 
formula, RIVM 2020). This 95% confidence 
interval indicates that it is 95% probable that 
the true value of the difference is in the inter-
val (Rothman & Greenland 1998). This inter-
val decreases when the measured percentages 
are based on more observations. In the case of 
zero observations, the upper limit of the 95% 
confidence interval is calculated using Byar’s 
formula (RIVM 2020). 

Results

The percentages of simplex forms of M3 from 
all sites in Zeeland combined, were 4.9 % (left) 
and 6.7 % (right); this indicates a difference 
in the prevalence in favour of the right side. 
For the transitional forms the prevalence is 
in favour of the right side (left: 10.9%, right 
14.0%). For the normal forms (left: 84.2% 
resp. 79.3%) the prevalence is in favour of the 
left side (see table 2). 

The coherence between left and right sided 
forms is presented in table 3. The percentage 
of common vole specimens with at least one 
simplex form on both sides is 72.1. For the 
transient and normal forms these values are 
53.3% and 89.7% respectively. 

The lengths of the molar row in the 1254 
common vole specimens are presented in 
figure 6, in clusters of 0.1 mm. 1204 skulls 
were measured on the left side while for the 
remaining 50 skulls they were taken on the 
right side. The outcome is a slightly left-
skewed distribution with a kurtosis of -0.46 
(M=5.34; SD=0.29).

The standard statistical values for molar row 
lengths in the simplex form can be summa-
rised as n=44, M=5.35 and SD=0.24; for tran-
sient and normal forms these values are n=73, 
M=5.36 and SD=0.32 and n=947, M=5.40 and 
SD=0.29 respectively. Considering the values 
of the molar lengths, an age depended bias in 
the classification of the forms is not probable. 

Of all the sites in Zeeland from where barn 
owl pellets were analysed (see table 4), the 
percentage of the simplex M3 left (M=4.49; 
SD=3.15) was lower than the percentage of sim-
plex M3 right (M=6.09; SD=3.66); the difference 
was at the edge of significance (t (18) = -1.59; 
P=0.05). The percentages of transient forms 
on the left side (M=10.56; SD=5.04) was lower 
than that on the right (M=14.25; SD=4.66). 
This difference was significant (t  (18) = -4.47, 
P<001). The percentages of normal forms on 
the left side (M=84.89; SD=6.51) was higher 
than that on the right side (M=79.61; SD=6.33). 
This difference was extremely significant (t (18) 
= -3.69, P<0.00005).

The percentages of the simplex M3 forms 
on the left and right sides varies moderately 
by region. All the left side percentages remain 
within the limits of confidence of that region 
on the right side and vice versa. If the regions 

Table 2. M3 forms: simplex (S), transitional (T) and 
normal (N) in Zeeland; the difference between the 
left and right side is significant (chi-squared test; *: 
P=0.0064).

Side Left* Right* total
S 61 84 145
T 137 175 312
N 1056 995 2051
Total 1254 1254
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themselves are compared, only Schouwen-
Duiveland (SD) and Zeeuws-Vlaanderen (ZV) 
exceed each other’s confidence limits (on both 
sides, see figures 7 resp. 8).

Discussion and conclusions

The percentages of simplex forms of M3 in 
common voles found in the province of Zee-
land were 4.9% (left) and 6.7% (right): substan-
tially lower than the 17% that Zimmermann 
(1935) reported for the north of the Nether-
lands, but quite close to the 8%, Markova et 
al. (2010) found for the Wieringermeerpol-
der. They noted that the proportion of sim-
plex M3 in their sample was quite low (Mark-
ova et al. 2010). The values for the province of 
Zeeland are also in line with other findings 
for the subspecies M. a. arvalis in the western 
parts of Germany, including values from Leub
nitz-Neuostra and Kleinzschachwitz, based 
on the number of molars (5.4% (n=353), 5.3% 
(n=642 respectively)) (Kapischke 1997). The 
only exception is a high value (43%) of simplex 

molars reported from Oldenburg (see figure 2). 
The difference with respect to the percent-

ages of the simplex M3 forms between the 
regions of Schouwen-Duiveland (SD) and 
Zeeuws-Vlaanderen (ZV) might be explained 
by the long-term isolation of Schouwen-
Duiveland from the other islands and the 
rest of the Netherlands whereas Zeeuws-
Vlaanderen has for centuries had a partial 
or a permanent connection to the mainland. 
M. arvalis has been reported from Schou-
wen-Duiveland in catches and in owl pel-
lets (van Wijngaarden et al. 1971), but its 
population of common voles is undoubt-
edly isolated. With the construction of the 
almost 6 km long Grevelingendam in 1964, 
Schouwen-Duiveland became connected to 
Goeree-Overflakkee on the east side with a 
lock on the side of the former. Since 1971 the 
west side of Schouwen-Duiveland has also 
been connected to Goeree-Overflakkee with 
the construction of the Brouwersdam, with-
out any bridges or locks. 

The last region in Zeeland where M. arva-
lis was missing appeared to be Noord-Beve-

Table 3. Coherence between left and right forms of M3 in common voles (Microtus arvalis) in Zeeland.

M3 simplex R M3 transient R M3 normal R Totals
M3 simplex L 44 7 10 61
M3 transient L 26 73 38 137
M3 normal L 14 95 947 1056
totals 84 175 995 1254
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Figure 6. Distribution of molar row length in 1254 specimens of common vole (Microtus arvalis) in Zeeland.
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land (van Wijngaarden 1959). The remains of 
common voles which Wilmink (1944) found 
in pellets in 1938 must therefore have been 
caught elsewhere (van Wijngaarden 1959). 
The dykes between Noord-Beveland and 
Walcheren and Zuid-Beveland (built in 1961 
and 1960, respectively, the latter with a lock) 
connected the three former islands (Anony-
mus 1984). In 1967 M. arvalis was caught on 
Noord-Beveland at the western side (after 5 
years) and at the eastern side (after 7 years) 
(Ligtvoet & van Wijngaarden 1994). Given 
the origin of the M. arvalis population (Zuid-
Beveland and Walcheren) it is not surpris-
ing that the percentages of M3 simplex forms 
found in Noord-Beveland are within the reli-
ability margins of those of the neighbouring 
regions (see figures 7 and 8).

The simplex M3 forms of M. arvalis on 
islands along or off the coasts of Britain and 
France have been found to be very different 
from on the mainland (see also table 1). Ork-
ney voles (M. a. orcadensis) on the Orkney 
mainland form a distinct group with affinities 
more to south western Europe, while those 
from Guernsey are closer to the continent 
(Corbet & Wallis 1977). According to Berry 
and Rose (1975) it seems probable that  M. 
arvalis came to Orkney with some of the ear-
liest human colonizers about 4000 years ago, 
and then radiated to the different islands. A 

population originating from a small number 
of founders will differ from its original group 
and will display its genetical basis through 
for example selection or genetical drift (Berry 
1972). Zimmermann (1959) described fertile 
young of voles from Orkney and Germany, 
as did Crowcroft and Godfrey (1962) of voles 
from Orkney and Guernsey, indicating the 
segregation between the different subspecies 
is relatively recent.

There have been disagreements between 
Stein and Zimmermann over M3 forms, in 
particular the issue of the north-south cline in 
the simplex form of M. arvalis (Guthrie 1971). 
Stein (1931) found that the northern sub-
species had a much higher prevalence of the 
simplex form than those in the south. Zim-
mermann (1953) proposed that the cline of 
the molar variation in M. arvalis represented 
an accumulation of a recessive gene on the 
periphery of the species’ range. Stein (1958) 
argued that the simplex form has a selective 
advantage in a poor environment; and since 
the climate in Eurasia is more favourable in 
the north, simplex is most abundant in the 
north and e.g. in fir forests. Zimmermann 
(1958) proposed three arguments to oppose 
Stein’s theory: 1. In a number of places the 
populations of M. arvalis have predominantly 
simplex M3 forms, although the conditions 
they endure could not described as being 

0% 20% 40% 60% 80% 100%

SD

Th

NB

W

ZB

ZV

0% 20% 40% 60% 80% 100%

SD

Th

NB

W

ZB

ZV

Figure 7. Regional percentages (white) of simplex M3 
forms (left), with limits of confidence (black). For 
abbreviations of regions see caption in table 1.

Figure 8. Regional percentages (white) of simplex M3 
forms (right), with limits of confidence (black). For 
abbreviations of regions see caption in table 1.
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poor. 2. Under poor conditions, where there 
is high winter mortality there is no increase 
of simplex M3. 3. The higher prevalence of the 
simplex form in woodlands is inconsistent 
with a greater degree of inbreeding. Guthrie 
(1971) contributed to this debate by offering 
two possible explanations for the M. arvalis 
molar cline: 1. The demands of the food itself. 
2. Differences in competition between other 
related species (e.g. M. agrestis) or genera (e.g. 
Clethrionomys glareolus). 

Molar forms in M. arvalis show a pattern 
of spatial variability with an increase in the 
proportion of complex forms with longitude 
and latitude. This pattern of molar compli-
cation is strongly correlated with geographic 
variables; a negative correlation with longi-
tude was found in the frequencies of simple 
forms (Markova et al. 2010). Simple patterns 
of dentition in, M. a. arvalis are found in 
Spain, along the Atlantic coast of France and 
on islands thereabout, in north-eastern Ger-
many and the Kirov region in European Rus-
sia (Markova 2014). Kryštufek (2017) ques-

tions the formal recognition of infraspecific 
entities as there is a lack of consensus among 
authorities on ways to classify and enumerate 
the numbers and distributions of M. arvalis.

Despite clear definitions and descriptions of 
the morphotypes, the allocation of M3 forms 
remains a subjective decision. Therefore it 
seems that a completely certain classification 
was not possible in every case. This uncer-
tainty about the allocation of M3 forms has 
already been mentioned by Görner (1973). 

Whether all sites in Zeeland are considered 
combined or apart, the percentages of simplex 
and transitional forms of M3 were in favour of 
the right side. An explanation for this differ-
ence and the direction (i.e. on the right side) 
is not obvious, but it could be of genetic ori-
gin. An alternative explanation could be the 
fixed handling in the evaluation of the molar 
rows, with the rostrum on the left side and, 
as a consequence, the left side away from the 
observer and the right side turned towards 
the observer. The handling results in a slight 
difference in the observation angle, and this 

Table 4. Percentages of M3 forms, left (L) and right (R), simplex (S), transient (T) and normal (N) of common vole 
(Microtus arvalis) from 18 sites in Zeeland. For abbreviations of the regions see the caption in table 1.

Site No. Region Site name n S L S R T L T R N L N R
#09 SD Westenschouwen 32 3.1 0 9.4 15.6 87.5 84.4
#12 SD Brouwershaven 130 11.5 11.5 13.1 16.2 75.4 72.3
#33 SD Brouwershaven 85 5.9 9.4 5.9 9.4 88.2 81.2
#01 Th Tholen 46 6.5 8.7 26.1 23.9 67.4 67.4
#10 Th Tholen 74 5.4 8.1 18.9 18.9 75.7 73
#15 Th Tholen 68 1.5 4.4 7.4 13.2 91.2 82.4
#06 Th Hollarepolder 27 7.4 3.7 3.7 14.8 88.9 81.5
#39 NB Wissenkerke 138 2.9 7.2 10.1 8 87 84.8
#18 W Arnemuiden 67 9 9 10.4 13.4 80.6 77.6
#03 W Arnemuiden 65 4.6 6.2 10.8 7.7 84.6 86.2
#29 W Middelburg 78 9 14.1 11.5 19.2 79.5 66.7
#27 ZB Bath 129 2.3 4.7 10.9 15.5 86.8 79.8
#14 ZB Bath 52 1.9 3.8 7.7 9.6 90.4 86.5
#22 ZB Wolphaartsdijk 36 2.8 5.6 8.3 22.2 88.9 72.2
#17 ZV Axel 61 4.9 3.3 4.9 11.5 90.2 85.2
#26 ZV Axel 26 0 7.7 7.7 7.7 92.3 84.6
#13 ZV Sluiskil 92 2.2 2.2 12.9 15.1 83.9 81.7
#32 ZV Hoek 48 0 0 10.4 14.6 89.6 85.4
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might be the cause of the left-right difference. 
This observer effect could have influenced the 
allocation of simplex and transitional forms 
of M3 in favour of the right side at the expense 
of normal forms. 

To take full advantage of describing the 
dental morphotypes of M. arvalis, we not only 
need to study M3 but also m1. This makes it 
necessary to collect both the skull and the 
mandibles of each specimen and to keep these 
together. 

In this study the age categories were esti-
mated by measuring the lengths of the left 
molar row. This resulted in a drop out num-
ber of 346 (21.6%, see table 1), due to miss-
ing molars in the preserved skulls. The molar 
range of M3 forms simplex-normal-complex, 
unavoidable led towards greater lengths of 
M3 itself and the upper molar row because 
of added extra loops of that very molar. The 
option to estimate the age category more pre-
cisely by measuring the diastema, will inev-
itably result in a higher drop out percentage 
because of missing premaxillas (due to the 
analysing activity). It can be argued that age 
doesn’t influence the shape of the occlusal 
plane, as the tip of the root mirrors that shape. 
However, in young individuals the prisms of 
M3 are still closed. Therefore, in measur-
ing the diastema seems to be the best prac-
tise, meaning a higher drop out percentage of 
measured objects will have to be accepted.
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Samenvatting

De simplex en andere vormen van de 
derde boven-molaar (M3) bij de veldmuis 
(Microtus arvalis) in de provincie Zeeland

Afgezien van het noorden lijken er geen andere 
delen van Nederland te zijn onderzocht op 
frequenties van simplex-vormen van de derde 
boven-molaar (M3) bij veldmuizen (Microtus 
arvalis). Frequenties van M3-vormen (‘sim-
plex’, ‘transient’ en ‘normaal’) in veldmuizen 
zijn bepaald in verschillende regio’s (voorma-
lige eilanden) in de provincie Zeeland. Ver-
der is gezocht naar een mogelijke linkszijdige 
voorkeur van simplex- en overgangsvormen 
van M3. Voor deze studie zijn 1254 schedels 
van veldmuizen gebruikt, afkomstig van 
braakbalmateriaal, en geplozen in de jaren 
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1995-2010. Zowel de linker als rechter M3 is 
beoordeeld en tevens is de lengte van de boven-
ste kiezenrij gemeten. Er zijn definities gegeven 
van de vormen (‘simplex’, ‘transient’ en ‘nor-
maal’), aangeduid met het aantal linguaal uit-
stekende hoeken. De gemeten lengtes van kie-
zenrijen maken een leeftijdsafhankelijke bias 
in de indeling van de M3-vormen niet waar-
schijnlijk. De percentages simplex-vormen 
van M3 in Zeeland waren respectievelijk 4,9% 
(links) en 6,7% (rechts). Regionale percentages 
van de simplex M3-vormen aan de linkerkant 
blijven binnen de betrouwbaarheidsgrenzen 

van die aan de rechterkant en vice versa. De 
gevonden percentages simplex-vormen over-
schrijden alleen in de regio’s Schouwen-Duive-
land en Zeeuws-Vlaanderen aan beide kanten 
elkaars procentuele betrouwbaarheidsgrenzen. 
Dit kan verklaard worden door de langdurige 
isolatie van Schouwen-Duiveland als eiland, 
terwijl Zeeuws-Vlaanderen al sinds eeuwen 
geheel of gedeeltelijk verbonden is met het con-
tinent.
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