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Introduction

In the Netherlands three species of the genus Epirrita are known 
to occur: E. autumnata (Borkhausen, 1794) (figure 1), E. christyi 
(Allen, 1906) (figure 2) and E. dilutata (Denis & Schiffermüller, 
1775) (figure 3). This paper concerns the males of the last two 
species. The males of E. autumnata are easy to identify because 
of absence of a processus.

Since the beginning of the last century the suspicion arose 
that under the species Oporabia dilutata (Borkhausen, 1794),  
now Epirrita dilutata, an other species was hidden. Prout (1900) 
described an aberration of O. dilutata and called it O. christyi, 
writing ‘At one time I fancied it might be a distinct species’.  
Allen (1906) discussed in a detailed article about O. christyi three 
discriminating criteria: ‘(1) Difference in markings of the imago, 
(2) extreme localization, (3) the fidelity to the type’. On this basis 
he was ‘strongly of the opinion that it ought to take rank as a 
species’. Allen tested ‘a discovery by mr. F.N. Pierce of a distinc-
tion which appeared to separate the two species’, i.e. O. dilutata 
and O. christyi, ‘in the male sex with mathematical certainty’. 
The males of the three Epirrita species have two posterior pro-
jections on the ventral side of the eighth abdominal segment, 
the so-called octavals. Nothing was found in literature on the 
function of these projections. Axel Hausmann (2001) stated 

‘They evidently play a functional role in copulation, which 
however is poorly studied to date’. The distance between the 
points of these projections, the octaval distance, turned out  
to be a discriminating characteristic of the Epirrita species.  
Following the discovery of Pierce, Allen (1911) was the first 
to publish a series of measurements of octaval distances. He 
examined a series of Epirrita species, consisting of 29 males 
captured near Enniskillen (Northern Ireland). The measure-
ments of the octaval distance fell into two groups: one group of 
18 specimens categorized as E. christyi and one group of eleven 
specimens categorized as E. dilutata (see his original diagram 
in figure 4). According to Allen, octaval distance separates the 
male species with mathematical certainty. Wolff (1929) exam-
ined 182 males from all over Denmark and, based on octaval 
distance, identified these as 143 E. christyi and 39 E. dilutata. He 
was more cautious than Allen in his conclusion with the words: 
‘in very rare cases the said character (i.e. octaval distance) may 
be expected to fail as a means of separating them’. Ebert (2001) 
examined 310 specimens collected in Baden-Württemberg 
(Germany). Contrary to previous studies, Ebert chemically 
prepared his specimens to obtain octaval distances which, we 
believe, biased his results towards longer distances. He found 
two clearly separated groups: 196 E. christyi and 114 E. dilutata. 
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Characteristics to distinguish males of three species of the genus Epirrita: 
E. christyi, E. dilutata and E. autumnata are reviewed. Males of E. autumnata 
can readily be identified using external and genital characteristics. 
Classification of the remaining males is not trivial. The distance between 
the points of two projections on the eighth abdominal sternite, the so-
called octavals, has proven important for identification. In earlier studies, 
octaval distance was used to bring about a complete separation between 
E. dilutata and E. christyi; E. dilutata specimens having the larger octaval 
distance. Between 1992 to 2014, we collected 362 Epirrita male specimens 
in the Netherlands. After discarding E. autumnata moths, octaval distance 
was measured of the remaining 251 specimens. We found that the octaval 
distance distributions of E. dilutata and E. christyi show overlap. Although 
octaval distance is still capable to reliably identify at least 95% of all males, 
this characteristic cannot be used to fully separate between E. dilutata and 
E. christyi in our specimens collection. We analyzed a number of additional 
quantitative and qualitative characteristics which may contribute to 
identification: wing length, the ratio of length and width of the valvae, 
the length of the aedeagus, length and number of the antennomeres, the 
shape and course of the postmedial fascia on the upperwing and the form 
of the processus. We show that wing markings and processus curvature 
are particularly useful characteristics. These were successfully used 
to identify the majority of specimens in the overlap area of the octaval 
distance distributions.
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The measurements of Allen, Wolff and Ebert are summarized in 
figure 5.

We present a study of 362 male specimens of Epirrita col-
lected in the Netherlands. Simple visual and genital properties 
could separate 111 E. autumnata specimens. Based on octaval 
distance only, the remaining species were split into two, almost 
equally sized collections of E. christyi and E. dilutata specimens. 
Since the octaval distance distributions of E. christyi and  
E. dilutata overlap each other, about eight specimens could not 
be identified. Although octaval distance strongly discriminates 
between E. christyi and E. dilutata, it therefore does not provide  
complete certainty. We propose a set of complementary char-
acteristics which can help to determine specimens that 
failed classification by examining octaval distance. For each 
complementary characteristic, the measurement technique is 

explained in some detail. Markings on the wings and processus 
curvature turn out to be useful characteristics which enable  
additional discrimination between E. christyi and E. dilutata.  
Ultimately, six out of eight specimens, residing in the overlap 
area of the octaval distance distributions, could be determined. 

Identification of Epirrita specimens from the 
Netherlands

The majority of Epirrita specimens was captured at Planken 
Wambuis, a nature park in the municipality Ede (province of 
Gelderland), the Netherlands. The material was collected in the 
period 1992-2014, in particular during the years 2004 to 2007 
and 2010 (90%). A vast majority of 93% of the 362 examined  
Epirrita males originates from Planken Wambuis. During 35 
nights in the above period a light trap was used with a 250 W 
HPL bulb, always at exactly the same location. In the wood- 
land surrounding the trap there are birches (Betula), pedun- 
culated oaks (Quercus robur), Scots pines (Pinus sylvestris),  
Norway spruces (Picea abies) and old beeches (Fagus sylvatica).  
In the undergrowth there is plenty bilberry and cowberry  
(Vaccinium). According to the diagrams on the website www. 
vlinderstichting.nl, the flight seasons of the three Epirrita  
species largely overlap. Their diagrams are based on data  
obtained over several years and from different places in the 
Netherlands. To get an impression of part of the flight period at 
our single location in just one year, see table 1. This table does 
not give the start and end time of the flight period, because the 
trap was not set before October 15th and not after October 28th.

For identification purposes, the octavals of the specimens 
in our collection were brought out by brushing their abdomina. 
See figure 6 and figure 7 for photographs of octavals and box 1 
for details on their examination. We measured the distance  
between the octavals of all specimens. Octaval distances of 111 
E. autumnata specimens are shown in figure 8. After separation 
of these E. autumnata specimens, two clearly distinct, but not 
fully separated octaval distance distributions (attributed to  
E. christyi and E. dilutata) appear in the frequency diagram 
shown in figure 9. It is noted that the octaval distance distribu-
tion of E. dilutata is rather irregular. The frequency diagrams in 
figure 8 and figure 9 are weighted to account for measurements 

1. Female Epirrita autumnata in Doorwerth (province of Gelderland), 
4.x.2007. Photo: Joop Schaffers
1. Vrouwtje Epirrita autumnata, Doorwerth (Gelderland), 4.x.2007.

2. Female Epirrita christyi, nature reserve Planken Wambuis (province 
of Gelderland), 25.x.2006. Photo: Joop Schaffers
2. Vrouwtje Epirrita christyi, natuurreservaat Planken Wambuis 
(Gelderland), 25.x.2006.

3. Male Epirrita dilutata, Doorwerth, 26.x.2007. Photo: Joop Schaffers
3. Mannetje Epirrita dilutata, Doorwerth, 26.x.2007.
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errors. Basically, the measured octaval distances are distributed 
over 0.01 mm wide intervals. The true number of specimens per 
interval is uncertain due to measurement errors. In box 2 we 
propose a weighting methodology, which effectively smooth-
ens out the specimen numbers over the intervals. The octaval 
distance distributions in figure 9 have a small overlap around 
0.32 mm. Due to this overlap, octaval distance cannot be used 
to identify all E. christyi and E. dilutata specimens. It is empha-
sized that the overlap is not caused by our weighting procedure 
described earlier, the overlap exists anyway. Loosely defining 
the interval (0.30 mm, 0.35 mm) as the ‘overlap area’, the octaval 
distances of 8 out of 251 specimens (3%) are within the overlap 
area. 

In principle, research on genes (DNA barcoding) could  
provide certainty on the classification of these eight specimens. 
DNA analysis for 14 out of 15 specimens, including the speci-
mens in the overlap area, was unsuccessful though, because 
their DNA was degenerated. If successful, DNA analysis  
provides 100% identification certainty, however it is barely 
suited in practice. DNA analysis is rather laborious, costly and 
will only render a result for well-preserved specimen material. 
Clearly, the usefulness of an identification method depends on 
more features than its ability to discriminate alone (in this case 
between E. christyi and E. dilutata). 

Before we discuss other identification methods, we like to 
comment on the usefulness of such methods in general. To our 
opinion they should have discriminating power, be robust and 
simple. An ‘identification method’ is based on measurement of 
some characteristic(s) of the specimen. Based on the measure-
ment data, the method unambiguously prescribes the identity 
of the specimen or renders it unidentified. Of course the pri-
mary property of an identification method is its discriminating 
power. The measured characteristics of a specimen should, with 
high probability, correctly label it as belonging to some species. 
The method must be robust by which we mean that a large 
fraction of the specimens actually carry the (distinctive) char-
acteristics it is based upon. Finally, a method should preferably 
be simple and its associated characteristics quickly measurable 
with high repeatability and at low cost. The need for expensive 
instruments and special expertise kept at a minimum. The no-
tions of power and robustness of an identification method are 
further explained and exemplified in box 3. An identification 
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4. Octaval distances in 0.01 mm, crosses represent individual speci-
mens. Source: Allen (1911)
4. Octavelafstanden in 0,01 mm, de kruizen staan voor individuele 
exemplaren. Bron: Allen (1911).

0

10

20

30

40

50

60

n
u

m
be

r

10 15 20 25 30 35 40 45 50 55 60 65 70
octaval distance in 0.01 mm

Ebert (Baden- Württemberg)
Wolff (Denmark)
Allen (Northen Ireland)

5. Octaval distances in three different countries in Europe.
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Table 1. Observed specimens in a period of two weeks in October 
2005 in nature reserve Planken Wambuis.
Tabel 1. Waargenomen vlinders in een periode van twee weken in 
oktober 2005 in natuurgebied de Planken Wambuis.

 x-10-2005 E. christyi E. dilutata E. autumnata

 15 1 0 13
 16 0 1 9
 19 0 0 22
 20 4 6 15
 23 1 15 60
 26 8 21 29
 27 9 12 47
 28 11 103 81
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method can be associated to a binary characteristic, e.g. a line 
on the wings of a specimen is hooked or circular (or ‘unknown’). 
Alternatively, as is the case for octaval distance, the character-
istic can also be represented by a distribution, with shape/loca-
tion of the distribution differing per species. Such characteristic 
will be denoted a ‘distribution type’ characteristic. In box 3 we 

show that if two distributions share a small overlap, we can 
construct identification methods which are both powerful and 
robust. In fact, there is flexibility in selecting the size of the 
overlap influencing the properties of the identification method. 
A larger overlap area will increase the power of the method at 
the expense of a reduced robustness and vice versa.

Box 1

Octavals and octaval distance

The males of the Epirrita species have two projections at the 
eighth abdominal segment, the so-called octavals. By removing 
the scales of the abdomen with a brush, they become clearly 
visible. See figure 6a-c for pictures of the octavals of the Epir-
rita species. Octavals are relatively robust structures. Chemical 
preparation is not necessary. When brushing the eighth sternite, 
the projections remain undamaged. After some softening in a 
box with moist air the sternite can be prepared free and flat-
tened between two slides (figure 6d-f). The octavals still remain 

robust. After softening a period of time in water, the structure 
of an octaval becomes visible. The chitinous eighth sternite has 
more or less rounded projections on which thorns are implant-
ed (figure 6g). The thorns become easily detached from these 
projections after softening (figure 6hi). The distance between 
the points at the end of the octavals is the octaval distance 
(figure 7). The measurements of the octaval distance were done 
at the fiber physics laboratory of Teijin Aramid in Arnhem, the 
Netherlands, with a stereomicroscope Olympus SZ61 equipped 
with a camera Olympus UC30 with 3.2 megapixel resolution to 
take photos of the measurement. For the photos of the genital 
preparations the Olympus BX50 is used with the same camera.

d. E. dilutata, 23.x.2004, Planken Wambuis e. E. christyi, 25.x.2004, Planken Wambuis 

c. E. autumnata 27.x.2010, Planken Wambuisb. E. christyi, 26.x.2005, Planken Wambuis a. E. dilutata, 28.x.2010, Planken Wambuis

f. E. autumnata, 24.x.2004, Planken Wambuis 

i. E. autumnata, 29.x.2010, Planken Wambuish. E. christyi, 23.x.2005, Planken Wambuis 

6. Octavals of Epirrita species in different situations: (a-c) at the end of the abdomen; (d-f) detached of the abdomen and flattened; (g-i) the 
same, but g partially and h-i totally stripped of thorns. Bar scale = 0.5 mm. Photos: Joop Schaffers
6. Octavels van Epirrita-soorten in verschillende situaties: (a-c) aan het achterlijfseinde; (d-f) vrij geprepareerd en platgedrukt; (g-i) idem, maar  
g gedeeltelijk en h-i geheel ontdaan van de doorns. Maatstreep = 0,5 mm.

g. E. dilutata, 22.x.2005, Doorwerth 

0,2 mm
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The octaval distance distributions of E. christyi and E. dilutata 
are clearly distinct and almost completely separated (small 
overlap). Measuring octaval distance is therefore associated to 
powerful and robust identification methods. In this paper we 
use the following identification method: all specimens in figure 

9 with an octaval distance < 0.30 mm are identified as E. christyi 
and those with an octaval distance ≥ 0.35 mm as E. dilutata. All 
243 (i.e. 251-8) specimens identified by this method are denoted 
as ‘the base’.

7. Octavals of E. dilutata. Planken Wambuis, 18.x.2006. Photo: Joop 
Schaffers
7. Octavels van E. dilutata. Planken Wambuis, 18.x.2006.

8. Weighted frequency bar chart of the 
octaval distances for 111 males of Epirrita 
autumnata. w = 0.01 mm, m = 0.005 mm, 
see box 2 for weighting procedure.
8. Gewogen frequentie staafdiagram van 
octavelafstanden voor 111 mannetjes  
van Epirrita autumnata. w = 0,01 mm,  
m = 0,005 mm, zie box 2 voor wegings- 
procedure.
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9. Weighted octaval distances for the 
combined group of 251 males of E. chris-
tyi and E. dilutata. w = 0.01 mm, m = 0.005 
mm, see box 2 for weighting procedure.
9. Gewogen octavelafstand voor de ver-
zameling van 251 E. christyi en E. dilutata 
mannetjes. w = 0,01 mm, m = 0,005 mm, 
zie box 2 voor wegingsprocedure.
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Other characteristics for identification of males of 
E. christyi and E. dilutata

We propose some anatomic characteristics of the E. christyi and 
E. dilutata specimens, to be used for alternative identification 
methods. Individually, these characteristics are less discrimi-
nating than octaval distance. Yet the combination of two or 
more characteristics can potentially lead to an identification 
method being more powerful than using octaval distance alone. 
In order to qualify the discriminating properties of other char-
acteristics, we can calibrate them on ‘the base’, i.e. the set of 
specimens that are identified by our octaval distance method. 
Obviously, this only makes sense if it is assumed that the far 
majority of specimens in the base is indeed labelled correctly. 

Wings

Wing markings In box 4, figure 11 and figure 12 various courses 
and shapes of the inner line of the post median band on the 
forewing are described and visualized. We show that this line is 
useful for identification of the Epirrita species but it will not give 
complete certainty. Moth websites rightfully give warning for 
this explicitly. In the following we will discuss the discriminating 
abilities of the shape and the course of these lines separately. 

The shape of a small piece of the line between the veins 
M1 and M2 is hook-shaped or circular (figure 12). Hook-shaped 
is strongly related to E. dilutata and circular to E. christyi (table 2) 
which renders the shape of the line as a characteristic with 
large discriminative power. Shape was recognizable for 95% of 
the examined specimens, therefore the robustness of identifi-
cation by line shape is high (comparable to the robustness of the 
identification method based on octaval distance described  

previously). Table 2 shows that 97% of all specimens with a 
recognizable line shape are correctly identified, therefore the 
power is 97%. These estimates for power and robustness are 
conditional to the assumption that examined specimens were 
all labelled correctly previously by octaval distance. Further details 
on the computation of power and robustness of the identifi- 
cation method associated to line shape can be found in box 3. 
If it is observed that the course of the line is through the discal 
spot, then the specimen is E. dilutata with high probability (table 3). 
However, for a significant fraction of E. dilutata specimens, the 
line is not through the discal spot. Reliably identifying both  
E. dilutata and E. christyi is therefore cumbersome. One can  
devise a one-sided identification method by labelling specimens 
with ‘line through spot’ as E. dilutata and labelling the specimen 
as unknown in other cases. The power of the method is almost 
99%, because 78 out of 79 specimens with a ‘line through spot’ 
are indeed E. dilutata (table 3). Robustness is 40%, since only 40% 
of all examined specimens shows a ‘line through spot’. How-
ever, for a one-sided identification of E. dilutata specimens only, 
robustness is less important. 
Wing length In literature it is common practice to take the wing-
span of the mounted moth as a measure of the size of the spe-
cies. Because not all the investigated males were mounted, the 
length of the right forewing is measured. This is the maximum 
distance between the shoulder (sharp kink in the curve of the 
costa at the base) and the wingtip (apex). Contrary to the inner 
line of the post median band on the forewing, wing length is a 
‘distribution type’ characteristic. The robustness of any identi-
fication method based on wing length will be low because there 
is large overlap of the wing length distributions belonging to 
both species (figure 13). As pointed out in box 3, the power of 

Measurement data, for example obtained for octaval distances, 
can be visualized using a frequency diagram. To this end, meas-
urements are subdivided into classes. To some extent, class 
width is free to choose, be it that too narrow or too wide classes 
will obviously corrupt the shape of the distribution disclosed by 
the frequency diagram. In case of a measurement uncertainty, 
there is a non-zero probability that a specific class member  
factually should have been counted in one the neighboring 
classes. The authors derived a general expression showing how 
counts { yn  } should be redistributed { y'n } in case of a measure-
ment uncertainty m and a class width w:

y'n = 1/4 r( yn-1 +2(2r-1) yn + yn+1 ) (1),
with yn, y'n the original (= as measured) and redistributed counts 
in class n, r = w/m and r >_ 1. Note that for large r : y'n  ≈ yn as it 
should. If r  < 1 more classes should be taken into account than 
only the nearest neighbors. In that case a wider class width is 
strongly recommended. In this paper, most frequency diagrams 
are weighted according to equation (1). Each of these diagrams 
will be stated with the applied w and m values. 

Derivation of equation (1) is based on the assumption that 
for a measured octaval distance y, the true octaval distance  y̌ 
will be somewhere in the interval y̌ ∈ < y – m, y + m >  (if  m is the 
measurement uncertainty) without any preference of finding 
y̌ anywhere in this interval. For any alternative choice with in-
creased probability of  y̌ being close to y, other redistributions 

will be found each being more conservative than equation (1), 
i.e. with less smoothing of specimen numbers over the classes. 
In this sense, equation (1) describes the strongest possible 
smoothing for a given measurement uncertainty.

Instead of using equation (1), we could also have replaced 
our measured set {y} by the associated intervals {< y – m, y + m >}, 
and intersect these with the classes to find a more individual 
and more exact redistribution. However, for sake of simplicity 
and clarity we chose to use equation (1) for weighting our meas-
urements. Anyway, whatever kind of redistribution is chosen, 
even in case of no redistribution at all, there remains overlap 
between the octaval distributions of E. christyi and E. dilutata. 

In previous papers on octaval distance, where frequency  
diagrams were used to display measurements, weighting is 
generally omitted. Wolff (1929) does refer to measurement 
uncertainty in the measurements of the octaval distance. He 
weighted the number of specimens in a certain class with the 
numbers of the neighboring classes via:

y'n = 1/3 ( yn-1 +yn + yn+1 ) (2). 
Since his measurement uncertainty equals his class width, 

or r=1, weighting according to equation (1) would have been:
y'n = 1/4 ( yn-1 + 2 yn + yn+1 ) (3). 

Clearly, smoothing of Wolff’s equation (2) is too strong,  
because equation (3) is in fact the strongest possible smoothing 
for his case. 

Box 2

How to weight numbers in a frequency diagram
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A useful identification method should both have discriminating 
power and robustness. Power means that the measured charac-
teristics of a specimen will, with high probability, correctly label 
it as either one of the species. Robustness is associated with 
the fraction of the specimens actually carrying this (distinctive) 
characteristic. 

Both power and robustness can be interpreted in terms of 
probability. First one should carefully define the identification 
method connected to some characteristic. For example: if the 
characteristic is of type A then the moth is identified as species 
1 and if the characteristic is of type B it is identified as species 2. 
In case the characteristic is of yet another type or unmeasurable 
for some reason, the specimen is classified as ‘unidentified’. 
The robustness of a method is the probability that a specimen  
is identifiable, which is complementary to the fraction of uni-
dentified specimens. The power of a method is the probability 
of correctly identifying a specimen, conditional to the event that 
the specimen is identifiable. The product of power and robust-
ness is the overall probability of correct identification of a  
randomly selected specimen. To exemplify the notions of power 
and robustness in connection to some identification method, 
consider a method based on the shape of the inner post median  
line as discriminating characteristic between males of E. christyi  
and E. dilutata. The shape of the inner post median line appears 
in two flavors: hooked and circular (see box 4 for more details).  
A hooked shape seems to be associated with E. dilutata and a 
circular shape with E. christyi. Suppose specimens from both 
species are identified using the shape of the inner post median  
line. Since there are strong relationships between ‘E. dilutata’/ 
‘hooked’ and ‘E. christyi’/‘circular’, a simple identification method  
is readily defined: a specimen is classified as E. christyi in case of 
a circular shape and classified as E. dilutata in case of a hooked 
shape. Let us now simply presume that 96% of the E. dilutata 
specimens truly have a hooked shape, 3% circular and 1% unde-
fined. For E. christyi specimens we assume 87% truly have circu-
lar shape, 2% hooked and 11% have undefined shape. For sake  
of simplicity but without losing generality, we further assume 
that the populations of both species are equally large. The power  
of the method equals the probability of correct classification 

conditional to the event that classification is possible (i.e. the 
specimen actually carries a circular of hooked inner post  
median line). In case of 100 E. dilutata and 100 E. christyi speci-
mens, 188 specimens are identifiable and our identification 
method will classify 183 correctly, so:

Power = p(specimen correctly classified|specimen can be  
classified) = 183/188  ~= 0.973.

The robustness of the method tells us which fraction of all spec-
imens can be classified:

Robustness = p(specimen can be  classified) = 188/200  = 0.940.

Preferably, both power and robustness of a method are high 
because their product equals the overall probability of correct 
classification:

Power . Robustness = p(specimen correctly classified) = 
183/188  . 188/200 ~= 0.915.

Note that one can actually calculate the robustness of the 
method by determining the fraction of identifiable specimens. 
The power of the method cannot be calculated, since this would 
require that the likelihood of false identification (E. christyi 
specimens with hooked shape and E. dilutata specimens with 
circular shape) is known a priori. 

The shape of the post median line is a binary characteristic. 
The line is hooked or circular (or ‘unidentified’). Alternatively, 
as is the case for octaval distance, the characteristic can also be 
represented by a distribution, with shape/location of the distri-
bution differing per species. Such characteristic will be denoted 
a ‘distribution type’ characteristic. Suppose a distribution type 
characteristic X is measured for a large number of specimens 
and plotted as in figure 10 (solid red curve). Clearly, X shows two 
distinct, but overlapping distributions. This is actually the case 
for octaval distance of E. christyi and E. dilutata. Characteristic X 
can nicely be used in an identification method to discriminate  
between specimens of species 1 and species 2. There is flexibil-
ity in choosing the boundaries x1 and x2 of the overlap area. We 
use the following recipe for the identification method: if X < x1  
then the specimen is identified as species 1 and if X > x2 it is 
identified as species 2. If   x1 < X < x2 then the specimen is classi-

Box 3

Power and robustness of an identification method

10. Illustration of a distribution type character, e.g. octaval distance, revealing two different species.
10. Schets van een variabele karakteristiek, zoals octavelafstand, die de aanwezigheid van twee verschillende soorten onthult.

a1

x1 x2
a2 x

species 2

A2

species 1

A1
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fied as ‘unidentified’. The overlapping distributions in figure 10 
are represented by green and blue dashed curves for species 1 
and 2 respectively. They are built from many measurements so 
that they are in fact accurate representations of the true distri-
butions. The summation of both curves is given by the solid red 
curve. Given that an area under the curve is directly proportional 
to the number of specimens, any probability for classification is 
directly proportional to an area. Let A1 be the area under the red 
curve for X < x1. Similarly, A2 is defined as the area corresponding 
to X > x2 and A0 as the area corresponding to x1 < X < x2. Let a1 be 
the area under the curve of species 2 (dashed blue) for X < x1  
and a2 the area under the curve of species 1 (dashed green) 
for  X > x2. Any area under the curves is a measure for a certain 
amount of specimens, the area (A1 + A2) for the amount of iden-
tifiable specimens, A0 for the amount of unidentifiable speci-
mens, Atot =  A0 + A1 + A2 for the total amount of specimens,  
a1 and a2 for the amount of wrongly identified specimens of 
species 2 and 1 respectively, (A1 – a1) and (A2 – a2) for the  
amount of correctly identified specimens of species 1 and  

2 respectively. The robustness of the method is simply:
 

Robustness =
 A1 + A2  ————

 Atot

It is clear that if the overlap area is widened, by decreasing x1 
and/or increasing x2, then the robustness of the method will  
decrease. The power of the method equals: 
 

Power =
  correctly identified specimens 

=
 (A1 - a1) + (A2 - a2)

  —————————————— ————————— 
   identified specimens  (A1 +A2)

Clearly, as the overlap area is widened, a1 and a2 will decrease or 
vanish altogether and the Power onverges to unity. There will be 
an optimum overlap interval such that the product of Power and 
Robustness attains a maximum. However, in order to calculate 
Power or product, Power x Robustness detailed information on the 
shape of the distribution functions is required (especially with 
respect to the tails of the distributions), which is generally not 
available. 

a method based on a ‘distribution type’ characteristic can still 
be large by focusing on, in this case, very short wing lengths 
(E. christyi) and very long wing lengths (E. dilutata). For example, 
let us construct a method which labels a specimen as E. christyi 
if wing length ≤ 16 mm and E. dilutata if wing length ≥ 19 mm. 
From the data in figure 13 we find that the power is 85% because 
85% of all specimens which indeed have wing length ≤ 16 mm 
or ≥ 19 mm are labelled correctly by the method. The robustness 
is only 51%, since 49% of all examined specimens have wing 
length in between 16 and 19 mm. The distribution of the wing 
length in the Netherlands is quite similar to the distributions in 
Denmark and Baden-Württemberg (table 4).

Genitalia

Searching for further ways to identify the species, dimensions 
and form of the valvae, the length of the aedeagus and the form 
of the processus are studied (box 5). For measuring the valvae 
and aedeagus (figure 14), a subset of 38 genital preparations 
was made. Genital preparation is laborious, time consuming 
and costly. Valvae and aedeagus as identification characteristics 
therefore suffer anyway from low practicability. Because of this, 
preparations were made for a limited subset of the base only.
Valva E. christyi and E. dilutata moths have a different valva 
length distribution and a different valva width distribution. 
For E. christyi the length of the valva is slightly but significantly 
shorter than for E. dilutata. With respect to the width of the 
valva it is the other way around. Individually, valva length and 
valva width are not suited as character because of their very low 
discriminating power. However, because of the reverse ordering, 
their ratio has at least some potential to be a useful character. 
The measurements of the length and width of the valvae as 
well as their ratio was measured for the genital preparation set 
(table 5 and figure 15). The table shows that the robustness of 
the ratio as identification method is low: there is a large overlap 
in ratio values. 
Aedeagus The genital preparations are also used to examine  
the aedeagus. In making a genital preparation of a male it is 
practice to remove the aedeagus and place it close to the valvae 
(figure 14). The aedeagus length distribution is significantly  

different for both species (table 6 and figure 16). Similar to the 
octaval distributions, the aedeagus length distributions of  
E. christyi and E. dilutata demonstrate a limited overlap. Although 
the overlap is clearly larger than the overlap observed for the 
octaval distance distributions, the robustness can still be ac-
ceptable. For example, let us construct a method which labels a 
specimen as E. christyi if aedeagus length ≤ 1.6 mm and E. dilutata 
if aedeagus length ≥ 1.8 mm. From the data in figure 16 we find 
that the power is almost 97%, the method therefore is very 
reliable. The robustness is still 73%, since 27% of all examined 
specimens have aedeagus length in between 1.6 and 1.8 mm. 
Processus During the measurement of the octaval distances 
using the binocular, a hook-shaped projection of the valva be-
comes visible in the background, called the processus (figure 17). 
The last part of the processus (0.2 to 0.3 mm) towards the end 
shows three possible curvatures. The ventral margin of this part 
follows a downward curvature towards the end (figure 18a), 
an upward curvature towards the end (figure 18b) or does not 
curve towards the end. If the curvature is downward it is almost 
certainly an E. christyi and if the curvature is upward it is almost 
certainly an E. dilutata (table 7). Processus curvature is a quali- 
tative characteristic, i.e. the appreciation depends on the person 
analyzing the preparation rather than on measurements. Still,  
a very powerful identification method can be based on proces-
sus curvature. Based on our measurement data in table 7, an 
identification method which simply associates upward and 
downward curvature with E. dilutata and E. christyi respectively 
has a power > 97%. For approximately 20% of all specimens 
curvature is absent, so robustness will not exceed 80%. Figures 
for power and robustness are comparable to the method based 
on aedeagus length. However, processus curvature is much 
easier to determine than aedeagus length, and therefore is to  
be preferred. 

Antennomeres 

The antennae of the males of the Epirrita species are segmented 
(figure 19). These segments are also referred to as antennomeres. 
For a number of males from the base, the length of the anten-
nomeres is measured (box 6 for details). The width is difficult 
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Box 4

Course and shape of the inner post median line

Important discriminative wing markings can be found on the 
post median band of the forewing. The inner line of the three or 
four lines of this band (black arrows in figure 11) may show clear 
differences for the three Epirrita species. In the discoidal field 
there is a black spot between the cross veins, not always clearly 
present and sometimes even missing. For both E. christyi and 
E. dilutata the inner line of the postmedian band goes through 
the spot (figure 12ab) or runs freely along the spot (figure 12c-
12d). For E. autumnata the inner line of the postmedian band is 
rather faint, usually much less undulated and more often not or 
hardly dentated, sometimes completely straight. It tends to lean 
further to the termen than is the case for both other species. It 
curves widely round the visible or invisible spot with an angle of 
slightly less than 900 up to 1300 (figure 11d). 

In this examination the shape of a small part of the trans-

verse line between the veins M1 and M2 is studied (figure 12a). 
In this part of the line two shapes regularly appear: a circular 
curvature (figure 12c, 12e) and a hook-shaped curvature (figure 
12d, 12f). In case of a circular curvature a part of a circle is pre-
sent. The diameter of this circle is in the order of the distance 
between M1 and M2 (figure 12c). For the hook-shaped curvature, 
the line starts from M2 mostly more or less linear and curves 
only around the end at M1 inwards or even does not curve at all. 
The impression of a hook is reinforced because the line of black 
scales continues at the vein a little bit towards the base, but this 
feature does not belong to the definition of the hook. The hook-
shape is sometimes better observed in the second line of the 
post median band (figure 12a, 12b, 12d). In some cases the shape 
is erratic or undeterminable by many scattered black scales.

11. Wing patterns: (a-b) E. dilutata, (c) E. christyi and (d) E. autumnata. Black arrows point to post median band of the forewing. Photos: Joop 
Schaffers.
11. Vleugeltekeningen: (a-b) E. dilutata, (c) E. christyi en (d) E. autumnata. zwarte pijlen wijzen naar de binnenste lijn van de middenband.

a b

c d
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12. Examples of the course and the shape of the postmedial fascia between the veins M1 and M2 for E. dilutata and E. christyi. Bar scale = 1 mm. 
Photos: Joop Schaffers 
12. Voorbeelden van het verloop en de vorm van de binnenste lijn van de middenband tussen de aderen M1 en M2 bij E. dilutata en E. christyi. 
Maatstreep = 1 mm.

b. E. dilutata ?, Doorwerth, 26.x.2007a. E. dilutata ? 69, Planken Wambuis, 19.x.2006

discoïdale cell

M1

M2

M3

c. E. christyi ? 107, Planken Wambuis, 23.x.2004 d. E. Dilutata ? 108, Wofheze, 20.x.1996 

e. E. christyi ? 119, Planken Wambuis, 21.x.1994. 

M1

M2

f. E. dilutata ? 106, Doorwerth, 19.x.2012

M1

M2
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to define and disregarded. Below, we discuss the length of the 
antennomeres as well as the number of antennomeres in the 
antennae as possible discriminating characteristics for E. christyi 
and E. dilutata. 
Antennomeres length The (average) length of the antennomeres 
is a distribution like characteristic. Though the antennomeres 
length distributions corresponding to E. christyi and E. dilutata 
are distinct, the overlap between both distributions is consider-
able (figure 20). Any identification based on this characteristic 
therefore must have low robustness. In fact this is a remark-
able, at least unexpected result. Hausmann & Viidalepp (2012) 
investigated Epirrita species captured in Central Europe and 
claim that the length of antennomeres is a very discriminating 
characteristic. For comparison, properties of the antennomeres 
length distributions found by Hausmann and ourselves are 
summarized in table 8. As was outlined earlier for wing length, 
aedeagus length and processus curvature, the antennomeres 

length distributions can still be used to build powerful iden-
tification methods, however with low robustness, i.e. with a 
relatively large fraction of specimens which will be labelled as 
unknown. For example, let us construct a method which labels 
a specimen as E. christyi if antennomeres length ≤ 0.18 mm and 
E. dilutata if antennomeres length ≥ 0.22 mm. From the data in 
figure 20 we find that the power is 86%, the method therefore  
is moderately reliable. The robustness is as low as 49%, since 
51% of all examined specimens have antennomeres length  
in between 0.18 and 0.22 mm. Because of a better power and 
robustness, identification methods based on aedeagus length  
or processus length are to be preferred. 
Antennomeres number The numbers of antennomeres per anten-
nae for E. christyi and E. dilutata are presented in table 9. Clearly, 
the antennomeres’ number distributions are not useful for 
identification of the species.

Table 2. Shape of a part of the inner line of the post median band on the forewing of the Epirrita species. 
Tabel 2. Vorm van een deel van de binnenste lijn van de middenband op de voorvleugel van de Epirrita-soorten. 

The shape of the line between M1 en M2 hooked circular undefined 

E. dilutata N=111 107 3 1 
E. christyi N=87 2 76 9 
     
 
The shape of the line between M1 en M2 E. dilutata probability E. christyi probability
  
hooked (N=109)   98% 2%  
circular (N=79)  4% 96%  

Table 3. Course of the inner line of the post median band on the forewing of the Epirrita species.
Tabel 3. Verloop van de binnenste lijn van de middenband op de voorvleugel van de Epirrita-soorten.

The course of the line through spot free from spot 

E. dilutata N=111 78 33 
E. christyi N=87 1 86 

      
The course of the line E. dilutata probability E. christyi probability 
 
through spot (N=79) 99% 1%  
free from spot (N=119) 28% 72% 
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13. Weighted wing length of E. christyi 
and E. dilutata. w = 1, m = 0.5, see box 2 
for weighting procedure.
13. De gewogen vleugellengte van E. christyi 
en E. dilutata. w = 1, m = 0,5, zie box 2 
voor wegingsprocedure.
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Table 4. Wing length of E. christyi and E. dilutata in mm, compared for three countries in Europe.
Tabel 4. Vleugellengte van E. christyi en E. dilutata in mm, vergeleken voor drie landen in Europa.

  E. christyi    E. dilutata  
 min. average max. N min. average max. N

Denmark 12.5 16.5 19.5 143 17.5 18.8 20.0 39
Baden-Württemberg 14.0 17.5 20.0 187 17.0 19.1 21.5 105
Zuid-Gelderland 14.5 17.3 19.5 122 16.0 18.8 21.5 121

Box 5

Measurements and observations of the genitalia

A total of 38 genital preparations were made to measure the  
dimensions of the valvae and aedeagus. Preparing the geni-
talia requires some skills and therefore the person doing the 
preparation may affect the genital sample quality. Because  
the preparations used in this study were all done by one  
person, always in the same way, the results of the measure-
ments are not affected by possible variation in preparation. 
Per genital preparation (per specimen) we have two valvae 
and one aedeagus. Because the genital preparations are rather 
fragile, some valvae and aedeaguses were lost for examination. 
The physical dimensions of the valvae and aedeaguses are 
measured using photos of the preparations with the ‘ruler’ tool 
in Photoshop CS5. 
Valva Measurements were done for N=19 E. christyi and N=12 
E. dilutata specimens. The black arrows drawn inside the valva 
on the right in figure 14a represent the length and width of the 
valva. The width of the valva is actually taken as the maximum 
length of lines perpendicular to the long (length) arrow but still 
above the processus. The weighted length to width ratio of the 
valvae is a distribution type characteristic and visualized in  
figure 15 for both species (see also table 5). Valva length, width 
and ratio of these are averaged per specimen. 
Aedeagus Measurements were done for N=22 E. christyi and N=11 
E. dilutata specimens. The length of the aedeagus is measured 
as the maximum distance between the ends of the aedeagus as 

indicated in figure 14a (left side). The weighted aedeagus length 
distribution is visualized in figure 16 for both species (see also 
table 6).
Processus Measurements were done for N=71 E. christyi and N=90 
E. dilutata specimens. On brushing off the scales from the tip of 
the abdomen at the underside to make the octavals visible, a 
hook-shaped projection of the valvae becomes visible: the pro-
cessus (figure 17a-17b). By pulling the valvae a bit further out of 
the abdomen, the structure becomes largely visible (figure 17d). 
On E. autumnata this projection is almost absent (figure 17c). 
The valvae are not flat structures but are more convex shaped. 
Moreover the processus makes an angle with the edge of the 
valva. In figure 14 the valvae are spread out and are situated 
in the plane of the paper. In this figure, the processus almost 
points in the direction of the observer. However, in figure 17 the 
valvae are perpendicular to the image plane and the processus 
is practically in the plane of the paper. In measuring the octaval 
distances under the binocular, it was noticed that the image  
of the curvature of the processus shows possibly two faces,  
depending on the species. The last part (0.2 to 0.3 mm) of the 
processus shows three possible forms for both species. The  
ventral margin of this part follows a downward curvature  
towards the end (figure 18a), an upward curvature towards the 
end (figure 18b) or does not curve towards the end (see also  
table 7).

14. Genital preparations of (a) E. christyi (Planken Wambuis, 18.x.2006) and (b) E. dilutata (Planken Wambuis, 19.x.2006). Photos: Joop Schaffers
14. Genitaalpreparaten van (a) E. christyi (Planken Wambuis, 18.x.2006) en (b) E. dilutata (Planken Wambuis, 19.x.2006).
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  E. christyi (N=19)   E. dilutata (N=12)
 min. average max. min. average max.

length in mm 1.62 1.76 1.87 1.68 1.83 1.90
width in mm 0.52 0.64 0.70 0.52 0.59 0.67
ratio = length/width  2.52 2.78 3.21 2.79 3.09 3.44

Table 5. Length and width of the valvae 
of E. christyi and E. dilutata and their ratio.
Tabel 5. Lengte en breedte van de valven  
van E. christyi en E. dilutata en hun ver- 
houding.

15. Weighted length to width ratio of the 
valva of E. christyi and E. dilutata. w = 1,  
m = 0.8, see box 2 for weighting procedure.
15. Gewogen verhouding van de lengte 
en breedte van de valve van E. christyi en 
E. dilutata. w = 1, m = 0,8, zie box 2 voor 
wegingsprocedure.
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16. Weighted aedeagus length of E. christyi 
and E. dilutata. w = 0.1 mm, m = 0.04 mm, 
see box 2 for weighting procedure.
16. Gewogen aedeaguslengte van E. christyi 
en E. dilutata. w = 0,1 mm, m = 0,04 mm, 
zie box 2 voor wegingsprocedure.
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  E. christyi (N=22)   E. dilutata (N=11)
 min. average max. min. average max.

length (mm) 1.52 1.66 1.79 1.71 1.85 1.96

Table 6. Length of the aedeagus for  
E. christyi and E. dilutata. 
Tabel 6. Lengte van de aedeagus voor  
E. christyi en E. dilutata.
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a b

c d

17. (a) Processus of E. christyi (Planken 
Wambuis, 26.x.2005), (b) Processus of  
E. dilutata (Planken Wambuis, 23.x.2005), 
(c) missing processus at E. autumnata 
(Planken Wambuis, 24.x.2004), (d) pro-
cessus of E. dilutata (Planken Wambuis, 
27.x.2004) after pulling the valvae a bit 
further out of the abdomen. Bar scale = 
0.5 mm. Photos: Joop Schaffers
17. (a) Processus van E. christyi (Planken 
Wambuis, 26.x.2005), (b) processus van  
E. dilutata (Planken Wambuis, 23.x.2005), 
(c) ontbrekende processus bij E. autum-
nata (Planken Wambuis, 24.x.2004), 
(d) processus van E. dilutata (Planken 
Wambuis, 27.x.2004) bij iets verder 
uit het abdomen getrokken valven. 
Maatstreep = 0,5 mm.

18. Dissected valvae of (a) E. christyi 
(Planken Wambuis, 28.x.2005) and  
(b) E. dilutata (Doorwerth, 18.x.2014)  
with processus. Bar scale = 0.5 mm. 
Photos: Joop Schaffers
18. Vrij geprepareerde valven van  
(a) E. christyi (Planken Wambuis,  
28.x.2005) en (b) E. dilutata (Doorwerth 
18.x.2014) met processus. Maatstreep = 
0,5 mm.

Table 7. Shape of the processus for  
E. christyi and E. dilutata. 
Tabel 7. Vorm van de processus voor  
E. christyi en E. dilutata.

processus form downward no curvature upward

E. christyi (N=71) 75% 22% 3%
E. dilutata (N=90) 1% 19% 80%

a b
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Determination of specimens in the octaval 
distance overlap area

Wing markings and processus curvature turn out to be excel-
lently useful characteristics to discriminate between the males 
of E. christyi and E. dilutata. For the collection of specimens 
studied, their power is comparable to that of the octaval dis-
tance characteristic discussed previously. Because of their large 
power, these characteristics were used to identify the eight 
specimens in the octaval distance overlap area. We can now 
assign four of these to E. dilutata and two to E. christyi (table 10). 
Note that the newly assigned E. dilutata specimens are on the 
right side of the overlap area (with the largest octaval distance) 
and the assigned E. christyi on the left side of the overlap. For the 
two remaining specimens in the overlap area, the measurement 
results are inconclusive (see moth number 59 and 113 in table 
10). The combination of octaval distance, wing markings and 
processus curvature ultimately leads to two unidentified speci-
mens of 251 specimens in total, so more than 99% is identified. 

Wing markings and processus curvature could also falsify 
the classification of one specimen with an octaval distance of 
0.285 (mm) (see moth number 84 in table 10). Based on its oc-
taval distance only, it was previously classified as an E. christyi. 
However, wing markings and processus curvature reveal that 
this specimen is probably an E. dilutata after all.

Discussion and conclusions

Anatomic properties of 251 E. christyi and E. dilutata males,  
collected in the Netherlands, were measured and classified.  
Octaval distance is a very discriminating characteristic and  
enabled, almost without error, that 97% of our collection could 
be labelled as E. christyi or E. dilutata. Only eight specimens, re-
siding in the overlap of the octaval distance distributions for  
both species, could not be classified. The measurements of the 
octaval distances of E. christyi and E. dilutata fit well with those 
of Allen (1911) and Wolff (1929). This is not obvious. Populations 
that are geographically separated by long distances or barriers, 
can develop different characteristics. Allen claims that octaval 
distance is a 100% distinctive characteristic. However, the  
collection of males studied by Allen was rather small and he 
probably simply missed specimens with an in-between octaval 
distance in his material. If say 5% of the combined populations 
cannot be classified by octaval distance measurement, then Allen  
should statistically only have found one or two ‘difficult to  
classify specimens’. There is reasonable probability, i.e. (0.95)29  
× 100% = 23%, of having no such specimens in a collection of 29. 
Ebert (2001) measured octaval distance of a much larger set  
of 310 specimens and also identified two separated groups,  
E. christyi and E. dilutata, without any overlap. The absence of 
an overlap region in his study can be the result of development 
differences between his population and the population in the 
present study. It may also be caused by the way of preparation 

Box 6

Antennomeres
The antennae of the males of the Epirrita species are segmented 
(figure 19). These segments are also referred to as antenno-
meres. The average length of the antennomeres is calculated 
by averaging over five adjacent antennomeres in the middle of 
the antennae. A binocular with 80x magnification is used. In 
cases where the antenna is curved, the length of three or four 

antennomeres is measured. Furthermore, the number of anten-
nomeres per antennae is counted as well. Per specimen, both 
the length and the number of antennomeres are measured for 
the left and right antennae and the average of both antennae is 
recorded. Antennomeres length averages are shown in figure 20 
and antennomeres numbers in table 8.

19. Centre sections of the antennae of the 
three Epirrita species. (a) E. christy (Planken 
Wambuis, 19.x.2014), (b) E. dilutata (Planken 
Wambuis, 19.x.2006) and (c) E. autumnata 
(Planken Wambuis, 27.x.2004). Bar scale =  
0.5 mm. Photos: Joop Schaffers
19. Middenstukken van de antennen van de 
drie Epirrita-soorten. (a) E. christyi (Planken 
Wambuis, 19.x.2014), (b) E. dilutata (Planken 
Wambuis, 19.x.2006) en (c) E. autumnata 
(Planken Wambuis, 27.x.2004). Maatstreep = 
0,5 mm.
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20. Antennomeres length of E. christyi 
and E. dilutata.
20. Lengte van de antennomeren van  
E. christyi en E. dilutata.
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of the specimens. The measurements of Ebert (2001) are anyway 
remarkable in more than one way. (1) The octaval distance dis-
tribution of E. christyi has a negative skew, abruptly ending. (2) 
The histogram (figure 5) shows many ‘empty’ classes between 
‘filled’ classes. For example: in class [0.27 mm, 0.28 mm] the 
number of specimens is 50 and in class [0.30 mm, 0.31 mm] 45. 
In between these two classes there were no observations at all, 
which is rather odd, the more so because the histogram is full of 
these neighboring empty and filled classes. (3) Both the octaval 
distance minimum value, the maximum value and the average 
of the measurements for both species (except the maximum of 
E. christyi) are significantly shifted to the right (compared to our 
octaval distances). 

The observed shift in octaval distance (item 3) is probably 
caused by a difference in preparation. The eight sternites are 
chemically prepared (orally confirmed by Axel Steiner) and the 
thorns are removed from the octavals (box 1 and figure 6g-6i). 
Because the tips of the bundled thorns are slightly bent in-
wards, the distance between the points of the octavals without 
thorns will be larger. Furthermore, the three-dimensional struc-
ture of the eight sternite is approximately cylindrical, therefore 
octaval distance increases in case of flattening the preparation. 
If octaval distance increases due to the preparation method, 

then clearly this could explain the shift described in item 3 
above. 

The shape and course of a part of the inner line of the post 
median band on the forewing are good characters to identify 
the males of both species. If the shape is hooked, there is a 98% 
probability that the male is an E. dilutata. In case of a circular 
shape the probability that the male is an E. christyi is 96%. The 
course of this line also offers strong discriminating ability. If the 
line goes through the spot there is a 99% probability that the 
male is an E. dilutata. This accords well with the note of Lempke 
(1950): ‘if the inner line touches the spot, the specimen belongs 
certainly to O. dilutata’. The curvature of the last part of the  
processus is another strong discriminating characteristic which 
can help to identify the males of the examined population. 
However, note that it is a qualitative character and not easy to 
determine. Using wing markings and processus curvature, we 
eventually could identify the majority of all specimens that 
could not be identified with octaval distance only. 

In this paper we discussed several other characteristics, 
namely wing length, ratio between length and width of the  
valvae, aedeagus length as well as the length and number of  
antennomeres. The capability of these characteristics to dis-
criminate between E. christyi and E. dilutata is poor. Moreover, 

Table 8. Length of the antennomeres in Central Europe according to 
Hausmann & Viidalepp (2012) and those in our research area. 
Tabel 8. Lengte van de antennomeren in Midden-Europa volgens 
Hausmann & Viidalepp (2012) en die in ons onderzoeksgebied.

 E. christyi E. dilutata

Hausmann & Viidalepp (2012) 0.17-0.18 mm 0.20-0.22 mm
Zuid-Gelderland 0.16-0.23 mm 0.18-0.24 mm

Table 9. Number of antennomeres distribution. 
Tabel 9. Distributie van aantal antennomeren.

 min. average max.

E. christyi (N=35) 42 47 52
E. dilutata (N=29) 41 45 53

Table 10. Identification of eight specimens in overlap area of octaval distance by means of wing markings and processus curvature (moth 84  
is E. christyi according to octaval distance but E. dilutata according to wing markings and processus curvature). 
Tabel 10. Identificatie van acht vlinders, in het overlappingsgebied van de octavelafstand, door middel van vleugelkenmerken en de kromming  
van de processus (vlinder 84 is E. christyi op basis van octavelafstand maar E. dilutata op basis van vleugelkenmerken en kromming van de 
processus).

moth number 84 51 59 107 113 125 60 71 95
octaval distance (mm) 0.285 0.310 0.314 0.321 0.329 0.331 0.338 0.340 0.343
wing markings d – – c c d d d d
processus curvature d c – c d d d d d
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genital preparation, necessary for measuring the size of valvae 
and aedeagi, is laborious and costly. To our opinion, these char-
acteristics do not contribute to identifying male individuals 
of both species. It is striking that antennomeres turned out 
to be poor characteristics in the present study. Hausmann & 
Viidalepp (2012) claim that for the Central European popula-
tion, length and width of antennomeres form 100% distinctive 
characteristics. Heidemann (1932) notes that the antennae of 
the Epirrita males ‘with good reason can be used as good char-
acteristic features’. In this respect it must be emphasized that 
all our measurements and conclusions apply to a local group 
Epirrita species in the Netherlands. To which extent we can pertain 
our findings to populations elsewhere in Europe is not known.

Even with three strongly discriminating (powerful) charac-
teristics (octaval distance, wing markings and processus curva-
ture) there may remain some rare cases of doubt or even fully 
unidentifiable specimens. For the present field study there are 
only two of such cases (less than 1% of the collection). If genetic 
material is available and preserved well, DNA barcoding is a 
reliable way of identification for these specimens. Hausmann 
(2012) gives a genetic distance between E. christyi and E. dilutata 
of 2.9%. However, for the observers in the field, morphological 
features will continue to be the easiest and therefore preferred 
tools for identification.

This paper is focused on the identification of males of  
E. christyi and E. dilutata. How can female specimens of these 

two species be identified without DNA techniques? There is 
the possibility of rearing. The female in figure 2, captured on 
October 25th 2006 at Planken Wambuis, gave offspring in 2007: 
six daughters and six sons (see figure 21 for one of the sons). In 
2007, the octaval distances of two sons were measured as 0.136 
mm and 0.204 mm. These measurements clearly show that they 
are E. christyi males (figure 9), indicating that their mother is an 
E. christyi. For two other males, reared in 2014, we found 0.202 
mm and 0.192 mm. Their mother from 2013 must have been an 
E. christyi as well. 
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21. E. christyi, the second son of the 
female E. christyi of figure 2, in the 
autumn of 2007. Note that here too, the 
‘c’ in the wing markings, a character 
of E. christyi, is easy visible. Photo: Joop 
schaffers
21. E. christyi, de tweede zoon van het  
E. christyi vrouwtje van figuur 2, in het 
najaar van 2007. Merk op dat ook hier 
de ‘c’ in de vleugeltekening, een kenmerk 
van E. christyi, goed te zien is.
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Samenvatting

Biometrie van de mannetjes van het geslacht Epirrita (Lepidoptera: Geometridae)
In dit artikel wordt een aantal eigenschappen besproken van mannetjes van de drie in 
Nederland voorkomende Epirrita-soorten: E. christyi, E. dilutata en E. autumnata. Van 1992  
tot en met 2014 zijn 362 mannetjes verzameld aan de zuidrand van de Veluwe. Van  
E. autumnata zijn 111 mannetjes onderzocht, die gemakkelijk op naam konden worden 
gebracht met behulp van uiterlijke en genitale eigenschappen. De resterende 251 
mannetjes zijn aanvankelijk als één, niet opgesplitste groep behandeld. De eerste opzet 
was het meten van de afstand tussen de punten van twee uitsteeksels aan het achtste 
achterlijfsuiteinde bij de mannetjes, de zogenaamde octavels. De frequentieverdeling  
voor de octavelafstanden van deze verzameling van 251 mannetjes vertoont twee modi die 
op het bestaan van twee soorten wijzen. Anders dan in eerdere buitenlandse publicaties 
vertoont onze verdeling een overlapping. De octavelafstand is daardoor niet langer 
een 100%-eigenschap voor determinatie. Octavelafstand is nog steeds bruikbaar voor 
identificatie van de beide soorten. Wij associëren alle exemplaren met een octavelafstand 
kleiner dan 0,30 mm met E. christyi en die met octavelafstand groter dan of gelijk aan  
0,35 mm met E. dilutata. Door de keuze van deze grenzen mag redelijkerwijs verwacht 
worden dat er nauwelijks of geen foute associaties zijn gemaakt. In onze studie zijn er  
wel acht vlinders (3%) die een octavelafstand hebben tussen 0,30 mm en 0,35 mm,  
waarvoor identificatie via octavelafstand derhalve niet goed mogelijk lijkt. In totaal zijn  
nu 251 - 8 = 243 mannetjes van een soortnaam voorzien. Deze groep wordt de ‘basis’ 
genoemd en is gebruikt om alternatieve identificatiemethoden te kalibreren. We 
onderzochten aanvullend een aantal kwantitatieve en kwalitatieve eigenschappen  
die mogelijk kunnen bijdragen tot determinatie: vleugellengte, de verhouding van de  
lengte en de breedte van de valven, de lengte van de aedeagus, de lengte van de 
antennomeren en het aantal antennomeren, de vorm van een klein deel de binnenste 
lijn van de middenband op de voorvleugel, het verloop van deze lijn bij de discale stip 
en de vorm van de processus. De begrippen onderscheidend vermogen, robuustheid en 
gebruiksgemak worden geïntroduceerd om de gebruikswaarde van de eigenschappen 
te bepalen. We laten zien dat vooral de vleugelkenmerken (vorm en verloop van 
bovengenoemde lijn) en de kromming van de processus bruikbare eigenschappen 
zijn. Deze werden met succes gebruikt om de meerderheid van de acht vlinders in 
het overlapgebied op naam te brengen. Benadrukt moet worden dat alle metingen en 
conclusies van toepassing zijn op een lokale groep van Epirrita-soorten in Nederland. In 
hoeverre onze bevindingen geëxtrapoleerd kunnen worden naar andere populaties in 
Nederland of daarbuiten is niet bekend.
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