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a b s t r a c t

The cryptic concept refers to two or more species that have been classified as a single nominal species due
to the fact that they are apparently morphologically indistinguishable. In recent years, the development
of advanced morphometric tools has allowed researchers to differentiate subtle variations that cannot be
distinguished by mere “eyeballing” as was carried out in in traditional cladistics. These robust statistical
techniques alongside with molecular analyzes have enabled the distinction of formerly “cryptic” species,
thus highlighting the associated problems and overuse of this concept. In this article we used geometric
morphometric (GM) methods to test if it was possible to distinguish two species of tenebrionid beetles
(Nyctelia multicristata and Nyctelia confusa) that has been traditionally classified as cryptic. The goal of
this study was twofold: on one hand it was expected to draw the attention of taxonomy researchers to
be careful when using the concept of cryptic species. On the other hand, it was tested if the GM toolkit
allows the differentiation of a species usually categorized as cryptic. Our results allowed the distinction
between N. multicristata and N. confusa, hence rejecting the “cryptic” denomination. Based on our results
it is possible to suggest that possibly many times species are classified as cryptic due inappropriate
methodological designs and comparisons.

© 2015 Elsevier GmbH. All rights reserved.

1. Introduction

The biological species concept is possibly one of the most pop-
ular species concepts currently used in zoology (Mayr, 2000; Noor,
2002). It proposes that species are interbreeding populations (at
least potentially) isolated from other groups. Thus, this concept
implies that new species arise when reproductive barriers are gen-
erated (Mayr, 2000). Due to the fact that different mechanisms
of reproductive isolation exist among taxa, the biological species
concept does not provide a unanimous measure to define species
(Agapow et al., 2004). Meticulous taxon-specific approaches and
knowledge are consequently required to discriminate between
species. Based on the above definition several studies have applied
molecular and morphological methods to get insight about the
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affinities between species by applying the concept of “cryptic”
species (Bickford et al., 2007; Feulner et al., 2006; Henry et al., 2014;
Molbo et al., 2003; Seifert, 2009). The notion of cryptic refers to
two or more species that have been classified as a single nominal
species since they are at least apparently morphologically indistin-
guishable (Bickford et al., 2007; Colborn et al., 2001; Rocha-Olivares
et al., 2001; Saez and Lozano, 2005). Some authors have proposed
that species designated as ‘cryptic’ might have recently diverged,
therefore being distinguishable only by means of refined molecu-
lar analyses (Paterson, 1991; Stebbins, 1950); nonetheless, there
is no consensus regarding this latter attribute as an essential fea-
ture of cryptic species. Various common but possibly incorrect
assumptions about cryptic species saturate the available literature
(Knowlton, 1986; Saez and Lozano, 2005). One of the most com-
mon suppositions is that most cryptic species result from speciation
phenomena that are so recent that morphological traits or any other
traditional diagnostic characters have not yet evolved (Howard and
Berlocher, 1998; Paterson, 1991; Winker, 2005).

In recent years, the development of a morphological quantita-
tive toolkit known as geometric morphometrics (GM) have allowed
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to differentiate small variations that used to be difficult to distin-
guished by mere sight. These robust statistical techniques together
with more sophisticated molecular analyses have enabled the dif-
ferentiation of previous “cryptic” species, thus highlighting the
associated problems and abuse of this concept (Baylac et al., 2003;
Marsteller et al., 2009; Seifert et al., 2014; Villemant et al., 2007).

The GM allows studying shape, defined as the remaining geo-
metric properties after removing the effects of scale, rotation and
translation of an object (Adams and Funk, 1997; Rohlf et al., 1996;
Rohlf and Slice, 1990). One of the techniques among these methods
to assess shape is finding uneven components of shape change (Thin
Plate Spline), which would represent all the movements of land-
marks, that is, local variations but not linear ones, indicating in this
way the changes that occurred in specific points of the shape. There-
fore, the GM would provide a better biological interpretation with
a graphic tool to visualize and quantify the morphological variation
in different ecologic and evolutionary contexts (Adams and Rohlf,
2000; Alibert et al., 2001; Benitez et al., 2014). These improvements
in the field of morphology have contributed to deepen the knowl-
edge on taxonomic and ecologic studies, on the definition of species
considering geographic dispersion and also on sexual differentia-
tion studies (Alibert et al., 2001; Bertin et al., 2002; Fairbairn, 1997;
Lemic et al., 2014). However, in spite of the strong potential of these
tools, there has been moderate interest on morphologic variation
studies (Adams et al., 2004; Brown et al., 1992; Thomas et al., 1998),
mainly due to the lack of statistical accuracy with the conventional
methods of morphometry at the intraspecific level. Despite this lack
of accuracy, several authors have worked on the use of GM in dif-
ferent scientific fields (Adams et al., 2004, 2013; Bookstein, 1991;
Klingenberg, 2013; O’Higgins, 2000; Rohlf and Marcus, 1993; Rohlf
and Slice, 1990; Slice, 2007; Toro-Ibacache et al., 2010).

In this sense, Nyctelia multicristata Blanchard (1846) and Nyctelia
confusa Zúñiga-Reinoso & Jerez (2012) are two cryptic species with
a distribution restricted to the south end of Chile and Argentina
(Zúñiga-Reinoso and Jerez, 2012). Both species would have a
disjunct distribution, being present in both sides of the Andes
mountain range. So, N. confusa is found in the occidental slope of the
mountain range (Torres del Paine National Park and its surround-
ings) and N. multicristata is distributed in the eastern slope of the
Andes mountain range, in the steppe-like areas, reaching the west
coast of the Strait of Magellan (Zúñiga-Reinoso and Jerez, 2012).
Then, according to Roig-Juñent and Flores (2001), these species are
characteristic and endemic components of the Southern Patago-
nia. These species are the most abundant in the Patagonian steppe,
and like the other species of the genus Nyctelia, they exhibit diur-
nal habits and they are easily found ranging or feeding on both live
and dead vegetation in sunny days (Peña, 1963). On the other hand,
due to their ectothermic condition, they hide during the night and
at peak radiation time (Cloudsley-Thompson, 2001; Flores, 1997).

Zúñiga-Reinoso and Jerez (2012) have recently clarified in part
a historical confusion between both morphs, since both entities are
morphologically very similar, so that it was necessary to clarify the
taxonomic validity of each one of them, being revalidated as inde-
pendent species by means of a classic taxonomic analysis. From the
morphologic standpoint, both species differ in some structures of
the elytral edge, legs and genitalia, besides exhibiting a difference in
their shape, since N. multicristata has a groove in the elytral suture
(Blanchard, 1853; Solier, 1851; Zúñiga-Reinoso and Jerez, 2012).
However, both species vary in size, leg color and elytral design along
the longitudinal climatic gradient that prevails in their correspond-
ing distributions, causing an overlap of some morphologic features

Fig. 1. Geographical locations sampled in the Chilean Patagonia, indicating sampling sites of N. multicristata and N. confusa.
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in these species, hence keeping them under the concept of “cryptic
species” (Zúñiga-Reinoso and Jerez, 2012).

For these reasons, this study intends to confirm and draw the
attention of researchers on taxonomy to be careful when using the
concept of cryptic species, taking the use of geometric morphomet-
rics of the body shape as an example to definitely determine that
N. multicristata and N. confusa (Coleoptera: Tenebrionidae) are two
valid entities.

2. Materials and methods

2.1. Biological material used

A total number of 104 adult specimens of the species N. mul-
ticristata y N. confusa were analyzed. These specimens are from
various locations of both sides of the Andes in the Magallanes
region, Chile (Fig. 1). The samples of N. multicristata include 44
specimens from Pali Aike National Park (19 males and 14 females),
Camino a Gallego Chico (2 males and 2 females), Laguna Blanca (1
male and 2 females) and Punta Delgada (1 male and 3 females). The
samples of the species N. confusa include 60 specimens, all of them
taken from Torres del Paine National Park in the following loca-
tions: La Península (19 males and 19 females), Laguna Azul (9 males
and 8 females), Laguna Amarga (3 males and 1 female) and Vega
Puma (3 females) (Fig. 1). The specimens used in this study have
been taken from entomological collections of the Chilean National
Museum of Natural History (MNNC), private collection of Carlos
Rojas (CPCR) and the Zoology Museum of the Universidad de Con-
cepción (UCCC).

2.2. Data collection and shape analysis

All the specimens were photographed in ventral view to locate
the landmarks, and only 45 specimens were photographed in pos-
terior view to analyze contour. The photographs were taken with a
digital camera Nikon Coolpix L1, at an approximate distance of 5 cm
from the object, with the digital macro activated and 6 mega-pixels
of image resolution.

The specimens were digitized with 19 landmarks (LMs, anatom-
ical homologous points) on every picture, by TpsDig 2.17 (Rohlf,
2013) (Fig. 2). The shape information was extracted with a gener-
alized Procustes analysis (Rohlf and Slice, 1990), taking into account
the object symmetry (Klingenberg et al., 2002). Procrustes super-
imposition is a procedure that removes the information of rotation,
position and orientation, and standardizes each specimen to unit
centroid size (Dryden and Mardia, 1998). Because of the symme-
try of the structure, reflection is removed by including the original
and mirror image of all configurations in the analysis and simul-
taneously superimposing all of them. The shape variation of the
whole dataset was then analysed by performing a Principal Com-
ponent Analysis (PCA), calculated from the covariance matrix of
the symmetric component of shape. This analysis was also used to
visualize the morphological changes observed between the average
shapes of the specimens of N. multicristata and N. confusa. The level
of statistic differentiation was assessed by computing a Procrustes
ANOVA as applied in other studies to analyse object symmetry. The
results were reported as sums of squares (SS) and mean squares
(MS), which are dimensionless. Just to confirm the statistical power
of the differentiation of GM analysis of shape a discriminant anal-
ysis and a Hotelling’s T2 test (1000 permutations) were performed,
to assess whether there were significant differences in the body
shape between the cryptic species. All analyses were then run using
MorphoJ software version 1.05 d (Klingenberg, 2011).

The Elliptic Fourier Transform (EFT) was used to estimate and
visualize interspecific shape variation of elytra (i.e., elytral cavity)

Fig. 2. Representation of the 19 anatomical landmarks of Nyctelia species.

between both species. In this method the contour shape is
expressed in periodic signals, using a minimum square criterion,
where each signal is adjusted by the sum of trigonometric func-
tions (or harmonics) at various amplitudes and phases (Bookstein,
1997; Rohlf and Archie, 1984; Sheets et al., 2006). Each har-
monic represents curves that are aggregated in decreasing order to
describe contour, so that the first harmonics describe the general
contour shape, while the last ones represent small scale varia-
tions (Bookstein, 1997). Each harmonic is broken down into four
coefficients: An and Bn for X, and Cn and Dn for Y, which define
an oval on Cartesian plane. The first harmonic is used to stan-
dardize the object size and orientation (Renaud and Michaux,
2003). According to Crampton (1995), this first harmonic and its
coefficients would correspond to residuals after standardization
and they should not be used in the subsequent statistical analyses.
A photograph matrix was set up with the software program tpsU-
til version 1.54 and contours were digitalized with the program
tpsDig version 2.17 (Rohlf, 2013). The superimposition of shapes
involved and the consensus configuration were prepared in directly
in the software program Morpheus et al. (Slice 1998, 2013Slice
1998, 2013), by rebuilding the shape through the reverse method
(Crampton 1995). Eight harmonics resulted from each shape (i.e.,
28 coefficients). Since the first harmonic does not show variation
in the first three coefficients, these were not considered for subse-
quent analyses (e.g., Crampton, 1995). The shape variation of the
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Fig. 3. PCA scatterplot of N. multicristata (red) and N. confusa (blue) body shape variables. A–C, Plots of the PC scores. (For interpretation of the references to colour in this
figure legend, the reader is referred to the web version of this article.)

Fig. 4. Wireframe representation of the body shape variation of N. multicristata (red) and N. confusa (blue). The diagrams show the shape that corresponds to the average
shape with the principal body shape differentiation represented with arrows. (For interpretation of the references to colour in this figure legend, the reader is referred to the
web version of this article.)
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Fig. 5. Elliptic Fourier Transformation of the elytral shape. (a) All individuals of both
species: N. confusa (blue) and N. multicristata (red). (b) Consensus configuration of
contours between the two species and sex: N. confusa in blue line and N. multicristata
in red line. (For interpretation of the references to color in this figure legend, the
reader is referred to the web version of this article.)

whole dataset was examined by a PCA, when the statistical relation-
ship between the shape variation and the matrix coefficient were
analyzed by a MANOVA using the species as a factor. This analysis
was performed in the software PAST 1.82b.

3. Results

As the first and most important analysis before any study
using GM, the measurement error in the samples was tested by
a Procrustes ANOVA showing that MS individual variation due to
fluctuating asymmetry exceeded the measurement error.

The PCA of the variation of body shape shows that a large per-
centage of the variation is contained in relatively few dimensions,
with the first three PCs accounting for more than half (78%) of
the total variance in the sample. The variation in the point cloud
(each point represents an individual and a different shape) was
notoriously different for each species being easily differentiated
between groups. PC1 shows 57% for interspecific differentiation;
however, PC2 shows a intraspecific differentiation that can be
defined through sexual dimorphism in the groups (Fig. 3). The wire-
frames projected from the average shape of each species, show a
clear variation in the movement of landmarks 8–11, corresponding
to the first abdominal segment in both species, where distortion
vectors in N. multicristata show a clear elongation of this structure
compared to N. confusa. Similarly, the landmarks for head 17–19,
show a distinguishable specific variation between both species
(Fig. 4).

The discriminant analysis based on the Hotelling’s T2 test
showed that the mean body shape of the individuals described as
cryptic species (N. multicristata and N. confusa) was significantly
different (T2: 966.96; p-value: < 0.0001). Additionally, the cross-
validated discriminant analysis was able to correctly classify the
majority of the individuals. Finally, the Procrustes ANOVA per-
formed to test for differences between species indicated that the
shape variation due to this factor is highly significant (Species = F:
76.93; P: < 0.0001).

Configurations for EFT are shown in Fig. 4. In this analysis, 95%
of variability of elytral shape is explained by the first eight har-
monics. In both species, a large part of the elytral shape variation
is explained by the first two components (81.2%). The MANOVA
shows significant differences between the two species (Wilkı́s
� = 0.1268; p < 0.001), well as to compare only the females (Wilkı́s
� = 0.0285; p < 0.001) and only the males (Wilkı́s � = 0.1221;
p < 0.001) of each species. The main structural differences in elytral
shape, are based on the fact that the elytra of N. multicristata indi-
viduals are more flat and with a deeper slot in the interelytral suture
than N. confusa individuals. These differences can be observed in the
superimposition of consensus configurations (Fig. 5).

5. Discussion

The analyses in this study allowed differentiating the cryptic
species N. multicristata and N. confusa statistically by means of
shape rejecting the denomination as a “cryptic”.

Cryptic species are two or more distinct species that were clas-
sified as a single species due to their morphological similarity. It
is possible that species usually classified as cryptic due to their
“morphological similarity” were perhaps defined in that way based
on the restricted morphological structures that were analysed
(i.e., some anatomical portions can distinguished between species,
while other cannot). Species are cryptic largely due to the anthro-
pocentric perception that relates the lack of evident differences in
external appearance with sameness. The development of GM dur-
ing the last decades has provided useful tools to quantify slight
morphological differences between specimens that were not pos-
sible to properly measure using traditional morphometrics (Rohlf
and Marcus, 1993). Although today the “cryptic species” concept
is very clear and it has been used in taxonomy for more than 100
years, Bickford et al. (2007) show in their study that the percentage
of papers using the cryptic species concept from 1975 (excluding
previous studies) has increased exponentially (>3500 references
from the past 50 years) since molecular techniques were devel-
oped, making much more effort on morphology itself no longer
necessary.

For the evaluated species in this study, the morphological dif-
ferentiation is mainly based on the fact that the head and abdomen
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of the species N. multicristata is more compressed (since their first
ventrite is narrower). These characteristics had not been detected
by Zúñiga-Reinoso and Jerez (2012) to differentiate both species.
Besides, the elytra of N. multicristata have a grove in the elytral
suture and dorsoventrally they are more compressed. This grove,
which is not easily noted on plain sight, is detected by the GM
analyses and this is consistent with descriptive characters of Solier
(1851) and Blanchard (1853) for N. multicristata and proposed as
the diagnosis for this species by Zúñiga-Reinoso and Jerez (2012).

The geographical distance in the distribution plus the selective
pressures could be modeling this divergence in the body-elytral
shape of both species; however, these pressures have not involved
a major morphological differentiation allowing these two species
to be easily distinguishable. This apparent similarity in morphol-
ogy may be due to recent speciation events and, consequently, to
genetic and developmental constraints that limit phenotypic vari-
ation (Gould, 2002; Raff, 1996; Smith, 1981) and/or a stabilizing
selection on adaptive traits (Charlesworth et al., 1982; Estes and
Arnold, 2007; Kirkpatrick, 1982) In this scenario, the shape char-
acteristics of body and elytrum that distinguish these two species
would be influencing the sub-elytral cavity. It has been suggested
that this structure has an adaptive function in darkbeetles, because
it reduces transpiration and allows the abdomen to expand to the
storage water during periods of water scarcity in arid and semi-arid
ecosystems (Cloudsley-Thompson, 2001). Severe environmental
conditions could generate stabilizing selection on morphology
(particularly in adaptive characters), constraining the morphologi-
cal change that is usually related to the speciation process (Bickford
et al., 2007). Preliminary phylogenetic analyses suggest that these
two species have a common evolutionary history (Zúñiga-Reinoso
unpublished data). On the other hand, De Los Santos et al. (2000)
suggest that environmental factors, like moisture, have an influence
in tenebrionid morphology, so that the abdomen will be larger and
elytra will be higher in tenebrionids inhabiting more arid places
(i.e. larger elytral cavity). However, this prediction is not fulfiled in
this study, because when scaling the size of both species, N. mul-
ticristata, inhabiting more arid areas, has more compressed body
and elytra than N. confusa individuals, inhabiting less arid areas.
Then, the environmental factors would affect the body size, and the
shape in Nyctelia. However, shape differentiation could be a reflec-
tion of genetic constitution variation (Adams and Funk, 1997) and
more recent works have matched molecular and geometric mark-
ers that may explain shape differentiation in coleoptera (Garnier
et al., 2005).

This study has shown that the classification of N. multicristata
and N. confusa as cryptic species has been probably a result of the
little effort applied when classifying. Using two analytical tech-
niques especially developed for morphological studies provided
a better accuracy when compared to traditional approaches. It
was possible to differentiate almost 100% of the analyzed speci-
mens, thus providing strong evidence against the cryptic species
definition. Furthermore, the two species were even visually differ-
entiated along PC1, hence demonstrating again the lack of support
for the previously proposed classifications. Likewise, the cross-
validated discriminant analysis showed a clear distinction between
the two species. This means that these two species have experi-
enced enough speciation to achieve different morphologies, which
is consistent with their geographic distribution in the southern
extreme of the Andes.

Acknowledgements

First of all we would like to thank Marcela Vidal for her encour-
agement, revisions, critics and literature provided. Also, our thanks
to Gustavo Flores who, in the distance, gave his taxonomic support

and literature, Mario Elgueta who gave access to the collections
of MNNC, and Carlos Rojas for lending his private collection. AZR
wishes to thank the grant CONICYT 21110367. Finally, HB would
like to thank Thomas Püschel (University of Manchester) for his
useful comments and help in the preparation of this manuscript
and the Becas Chile Scholarship program, CONICYT.

References

Adams, D.C., Funk, D.J., 1997. Morphometric inferences on sibling species and
sexual dimorphism in Neochlamisus bebbianae leaf beetles: multivariate
applications of the thin-plate spline. Syst. Biol. 46, 180–194.

Adams, D.C., Rohlf, F.J., 2000. Ecological character displacement in Plethodon:
biomechanical differences found from a geometric morphometric study. Proc.
Natl. Acad. Sci. U.S.A. 97, 4106–4111.

Adams, D.C., Rohlf, F.J., Slice, D.E., 2004. Geometric morphometrics: ten years of
progress following the ‘revolution’. Ital. J. Zool. 71, 5–16.

Adams, D.C., Rohlf, F.J., Slice, D.E., 2013. A field comes of age: geometric
morphometrics in the 21st century. Hystrix-Ital. J. Mammal. 24, 7–14.

Agapow, P.M., Bininda–Emonds, O.R., Crandall, K.A., Gittleman, J.L., Mace, G.M.,
Marshall, J.C., Purvis, A., 2004. The impact of species concept on biodiversity
studies. Q. Rev. Biol. 79, 161–179.

Alibert, P., Moureau, B., Dommergues, J.L., David, B., 2001. Differentiation at a
microgeographical scale within two species of ground beetle, Carabus
auronitens and C-nemoralis (Coleoptera, Carabidae): a geometrical
morphometric approach. Zool. Scr. 30, 299–311.

Baylac, M., Villemant, C., Simbolotti, G., 2003. Combining geometric
morphometrics with pattern recognition for the investigation of species
complexes. Biol. J. Linn. Soc. 80, 89–98.

Benitez, H.A., Lemic, D., Bazok, R., Gallardo-Araya, C.M., Mikac, K.M., 2014.
Evolutionary directional asymmetry and shape variation in Diabrotica virgifera
virgifera (Coleoptera: Chrysomelidae): an example using hind wings. Biol. J.
Linn. Soc. 111, 110–118.

Bertin, A., David, B., Cezilly, F., Alibert, P., 2002. Quantification of sexual
dimorphism in Asellus aquaticus (Crustacea: Isopoda) using outline
approaches. Biol. J. Linn. Soc. 77, 523–533.

Bickford, D., Lohman, D., Sohdi, N., Ng, P., Meier, R., Winker, K., Ingram, K., Das, I.,
2007. Cryptic species as a window on diversity and conservation. Trends Ecol.
Evol. 22, 148–155.

Blanchard, E., 1853. Zoologie: Description des Insectes. In: Voyage au pole sud et
dans l’Océanie sur les corvettes l’Astrolabe et la zélée: execute par ordre du Roi
pedant les annes 1837–1840. Baudary ed, Paris, Francia, pp. 422.

Bookstein, F.L., 1991. Morphometric tools for landmark data: geometry and
biology. Cambridge University Press, Cambridge.

Bookstein, F.L., 1997. Landmark methods for forms without landmarks:
morphometrics of group differences in outline shape. Med. Image Anal. 1,
225–243.

Brown, L.R., Moyle, P.B., Bennett, W.A., Quelvog, B.D., 1992. Implications of
morphological variation among populations of california roach Lavinia
symmetricus (Cyprinidae) for conservation policy. Biol. Conserv. 62, 1–10.

Charlesworth, B., Lande, R., Slatkin, M., 1982. A neo-Darwinian commentary on
macroevolution. Evolution, 474–498.

Cloudsley-Thompson, J., 2001. Thermal and water relations of desert beetles.
Naturwissenschaften 88, 447–460.

Colborn, J., Crabtree, R.E., Shaklee, J.B., Pfeiler, E., Bowen, B.W., 2001. The
evolutionary enigma of bonefishes (Albula spp.): cryptic species and ancient
separations in a globally distributed shorefish. Evolution 55, 807–820.

Crampton, J.S., 1995. Elliptic Fourier shape analysis of fossil bivalves: some
practical considerations. Lethaia 28, 179–186.

De Los Santos, A., Gómez-González, L., Alonso, C., Arbelo, C., De Nicolás, J., 2000.
Adaptive trends of darkling beetles (Col. Tenebrionidae) on environmental
gradients on the island of Tenerife (Canary Islands). J. Arid Environ. 45, 85–98.

Dryden, I., Mardia, K., 1998. Statistical Shape Analysis. John Wiley and Son,
Chichester.

Estes, S., Arnold, S.J., 2007. Resolving the paradox of stasis: models with stabilizing
selection explain evolutionary divergence on all timescales. Am. Nat. 169,
227–244.

Fairbairn, D.J., 1997. Allometry for sexual size dimorphism: pattern and process in
the coevolution of body size in males and females. Annu. Rev. Ecol. Syst. 28,
659–687.

Feulner, P., Kirschbaum, F., Schugardt, C., Ketmaier, V., Tiedemann, R., 2006.
Electrophysiological and molecular genetic evidence for sympatrically
occuring cryptic species in African weakly electric fishes (Teleostei:
Mormyridae: Campylomormyrus). Mol. Phylogenet. Evol. 39, 198–208.

Flores, G., 1997. Revisión de la tribu Nyctelini (Coleoptera: Tenebrionidae). Revista
de la Sociedad Entomológica Argentina 56, 1–19.

Garnier, S., Magniez, F., –Jannin, Rasplus, J.Y., Alibert, P., 2005. When morphometry
meets genetics: inferring the phylogeography of Carabus solieri using Fourier
analyses of pronotum and male genitalia. J. Evol. Biol. 18, 269–280.

Gould, S.J., 2002. The Structure of Evolutionary Theory. Harvard University Press.
Henry, C.S., Brooks, S.J., Johnson, J.B., Mochizuki, A., Duelli, P., 2014. A new cryptic

species of the Chrysoperla carnea group (Neuroptera: Chrysopidae) from
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