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Abstract
The subfamily Gonyleptinae is the second largest in Gonyleptidae, harboring over 100 species.
Gonyleptinae is polyphyletic, nestled in the clade K92, and despite its richness, several species of that
subfamily have not had their chemicals of the defensive secretions analyzed. Among these are
Gonyleptes curticornis (Mello-Leitão, 1940) and G. horridus Kirby, 1819, the latter being particularly
important because it is the type species of the genus, which in turn names the subfamily. Gonyleptes
horridus is also used in many phylogenetic analyses, be it using morphological or molecular data. The
chemical study of the secretions of these two species by GC-MS and NMR 1H showed the presence of 1-
(6-isopropyl-3,4-dihydro-2H-pyran-2-yl)-methylbutanone, 1-(6-isopropyl-3,4-dihydro-2H-pyran-2-yl)
isobutanone and 4- methyl-1-hepten-3-one in both species. On the other hand, 4-methyl-1 hexen-3-one,
benzaldehyde and 3-octanone were observed only in G. curticornis. Both species are Gonyleptinae and
chemical mapping of the group corroborates that vinyl ketones are synapomorphy of K92 and that the
compound 1-(6-isopropyl-3,4-dihydro-2H-pyran-2-yl) isobutanone is synapomorphic to G. curticornis and
G. horridus, but homoplastic to the genus Sodreana Mello-Leitão, 1922. 1-(6-(1-methyl-propyl)3,4-dihydro-
2H-pyran-2yl)2-methylbutanone and 4-methyl-1-hepten3-one is also synapomorphic to G. curticornis and
G. horridus, but homoplastic in Moreiranula saprophila.

Introduction
With approximately 6900 described species (Kury et al. 2022), harvestmen (Opiliones) are the third largest
group of Arachnida, after Acari (ticks and mites) and Araneae (spiders) (Selden 2007). Opiliones is
taxonomically arranged in four monophyletic subfamilies: Cyphophthalmi, Eupnoi, Dyspnoi and
Laniatores (Giribet and Kury 2007). Scent glands have been the focus of behavioral (Hara and Gnaspini
2003; Caetano and Machado 2013; Segovia et al. 2015) and chemical studies (Hara et al. 2005; Caetano
and Machado 2013; Raspotnig et al. 2014, 2017).

The scent glands produce secretions primarily used for defense (Gnaspini and Hara 2007). It has been
shown to repel some predators, but not others (Machado et al. 2005; Souza and Willemart 2011; Silva et
al 2018). It can also be used as an alarm pheromone (Machado et al. 2002). Whereas scent gland
secretions in harvestmen have traditionally been considered to be products of de novo synthesis, there is
evidence for the unusual case of sequestration-derived gland constituents (Raspotnig et al. 2022).
Defensive secretions can be emitted in different ways, forming a chemical shield around the body: (i)
simply exhaling from the ozopore (with little or no emission of enteric liquid); (ii) by increasing the
evaporating surface; and (iii) by directly rubbing the secretion-soaked leg on the aggressor, or emitting the
secretion as a jet (Gnaspini and Hara 2007). These forms of emission of the defensive secretion are
potential sources of characters for phylogenetic analyses. Caetano and Machado (2013), for example,
proposed the non-emission of secretions in droplets or non-accumulation of them between the bases of
legs I and II as a synapomorphy of the clade K92.
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Currently, approximately 140 species from all suborders have had their chemical defenses studied, mainly
from the suborders Laniatores and Eupnoi (approximately 50 species from each one). Since scent glands
are synapomorphic for the order, this makes Opiliones suitable for phylogenetic chemosystematics, i.e.
making evolutionary inferences (Hara et al. 2005; Caetano and Machado 2013; Wouters et al. 2013;
Raspotnig 2012; Raspotnig et al. 2014, 2017) based on secretion from homologous glands (Raspotnig et
al. 2017). In Laniatores, the infraorder Grassatores features phenols and benzoquinones, as well as
acyclic compounds that super�cially resemble some compounds found in Eupnoi (Hara et al. 2005;
Raspotnig 2012). As more compounds have been identi�ed in the defensive secretion, gradually more
precise mapping, and inferences of the evolution of such trait became possible for the whole order
(Raspotnig 2012; Caetano and Machado 2013; Wouters et al. 2013; Raspotnig et al. 2010, 2017). Despite
recent efforts to identify the compounds in the defensive secretions in an increasing number of species, a
few, taxonomic-wise key species have been overlooked so far. Gonyleptidae is one of the largest families
of Grassatores, and it has been the focus of many phylogenetic analyses (Pinto-da-Rocha et al. 2014;
Benavides et al. 2021). One of the most used species in analyses like these is Gonyleptes horridus Kirby,
1819 (for instance, Pinto-da-Rocha et al. 2014; Benedetti and Pinto-da-Rocha 2019; Ázara et al. 2020),
because it names both the polyphyletic subfamily Gonyleptinae (second largest one; Pinto-da-Rocha et al.
2014) and the family. However, despite its pivotal taxonomic importance, the defensive secretion of G.
horridus is still unknown. In this study, we identify the compounds in the defensive secretion of this key
species. Gonyleptes curticornis (Mello-Leitão, 1940), a species phylogenetically related to G. horridus, and
abundant in the Atlantic Rain Forest in northern coast of São Paulo State, is also studied here for
comparison. Both species are included in the clade K92, a repeatedly retrieved clade in phylogenetic
analyses, composed of the subfamilies Gonyleptinae, Sodreaninae, Caelopyginae, Hernandariinae and
Progonyleptoidellinae (Kury 1992). Thus, we hope to provide further data that combined with those
already available, hopefully will shed some light to solve the polyphyly of Gonyleptinae regarding
chemical data, or at the very least, contribute to the understanding of scent gland secretion´s evolution in
clade K92.

Material And Methods
Collection and maintenance

We collected four females and nine males (totalizing 13 adult specimens) of Gonyleptes horridus at
Tijuca National Park, Rio de Janeiro city, Rio de Janeiro State, Brazil, from 2 to 4 of December of 2019.
We collected 10 males and 10 females (totalizing 20 adult specimens) of Gonyleptes curticornis at the
Cachoeira da Fazenda in the city of Ubatuba (State of São Paulo, Brazil) on February 20, 2018. We
collected all the animals manually at night. Once in the laboratory, we maintained specimens in plastic
containers with paper towel on the bottom and a wet cotton ball to provide humidity.

Collection of secretions
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We collected the defensive secretion only from adult specimens in one–two days following the �eld
collection. We used each specimen only once, and we deposited voucher specimens in the Museum of
Zoology of the University of São Paulo, in Brazil (MZUSP). To collect secretions, we held the specimen
between our �ngers and pressed the abdomen dorso-ventrally We placed a microscopy glass slide on the
dorsal scutum between legs III and IV and used it as a screen to retain the defensive secretion. We used
micropipetttes (capillary glass tube of known volume) to collect the released defensive secretion. Its
content was dissolved either in vials with 3.5 µL of methanol (HPLC grade - TEDIA) for CG-MS analysis or
1 µl of DMSO-d6 for the 1H NMR analysis, always separating the sexes. We kept vials for both type of
analyses in the freezer at -10ºC.

Chemical analysis

We performed the CG-MS analysis at the Department of Botany, Institute of Biosciences of University of
São Paulo. We injected the samples dissolved in 3.5 µL of methanol into a gas chromatograph coupled
to a mass spectrometer (GC-MS), Agilent 6850 System, with a fused DB-5 silica capillary column (30 m x
0.25 mm x 0.25 µm).

We calculated the retention index for each compound detected in the output identi�ed with 90% or more
of similarity to spectra available in the NIST library. To perform this calculation, we injected a standard C8

- C20 hydrocarbon column (Sigma-Aldrich), and used the following formula: IR = 100 *((tc - tn / tn + 1 - tn ) 
+ n) (Viegas and Bassoli 2007). Afterwards, we compared the calculated values with the retention index
described in the literature, thus allowing the identi�cation of the compounds.

We used spectral data such as NMR 1H and mass spectra to elucidate the structure of the compounds.
We obtained the NMR spectra on a Bruker Ascend™ III 600 14.1 T instrument operating at 600 MHz. We
used CDCl3 as solvent and tetramethyl silane (TMS) as internal reference. We recorded chemical shifts δ
in ppm and coupling constants J in Hz.

Mapping the compounds

We mapped the compounds identi�ed in the defensive secretions of Gonyleptes spp. based on modi�ed
characters based on Caetano and Machado (2013) (Table 3). We used the taxa names based on Kury et
al. (2022), but we mapped the characters on a modi�ed phylogeny of Pinto-da-Rocha et al. (2014)
because the latter is more comprehensive than the former. Besides, the phylogeny proposed by Pinto-da-
Rocha et al. (2014) used more taxa which defensive secretion compounds are known compared to that of
Kury et al. (2022). We deleted taxa which defensive secretion´s were not studied except for Ampheres
leucopheus (Gonyleptidae, Caelopyginae), to avoid an oversimpli�cation of the phylogeny. Keeping those
taxa which defensive secretion´s are unknown would hamper the analysis because of the large amount
of missing data, thus causing more noise than desirable in the mapping. This paper is a �rst approach to
infer the evolution of the identi�ed compounds in the defensive secretion of Gonyleptes spp. in
Gonyleptidae phylogeny rather than performing a total evidence type of analysis.
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Results And Discussion
Specimens of G. horridus and G. curticornis emitted the defensive secretion in the form of a jet posteriorly
(Gnaspini and Hara 2007). Eventually the emitted secretion spread over the carapace, where it
evaporated.

According to the mass spectrometry data and retention index calculations, we identi�ed �ve compounds
in total in the defensive secretion of G. curticornis and G. horridus. We identi�ed compounds 1, 2, 4 and 5
in the chromatogram of the defensive secretion of G. curticornis (Table 1, Fig. 1). On the other hand, we
identi�ed compounds 2, 3, 4 and 5 in that of G. horridus (Table 1, Fig. 2).

The compound with retention time of 8.78 min (compound 1) in the analysis of the defensive secretion of
G. curticornis showed the following fragments of m/z 112 M+ (15); 97(12); 84(35); 83(12);69(12);58(28);
56(23); 55(100); 41(29) in the mass spectrum. Comparing these data with those in the literature (Wouters
et al. 2013) and the calculation of the retention index, resulted in the identi�cation of this compound as 4-
methyl-1-hexen-3-one. In the 1H NMR spectra, it was observed the presence of ole�nic hydrogen signals of
a terminal doublet by the signals of three doublets at δ 6.27 (J = 17.5, 1.4 Hz), δ 5.77 (J = 10.5, 1.4 Hz)
and δ 6.44 (J = 17.5, 10.5 Hz). The doublet at δ 1.10 (3H) of J = 7.5 Hz and the multiplet at δ 2.89 (1H)
indicate the presence of a methyl vicinal to a methine group. The triplet at δ 0.79 (3H) along with the
signal at δ 1.59 (m, 2H) indicate the presence of a methyl coupling with the methyl hydrogens. These
data set allowed to identify the compound 1 as 4-methyl-1-hexen-3-one (1) (Table 2, Fig. 1).

The compound with the retention peak at 12.47 min (compound 2) in the defensive secretion of G.
horridus (Fig. 1) and G. curticornis (Fig. 2) showed the molecular ion with m/z 126 and fragments of m/z
111, 84 and 55 (Table 1). The fragment of m/z 55 corresponds to an α-carbonyl cleavage, while the
fragment of m/z 84 results from McLafferty rearrangement (Silverstein et al. 2005). According to the 1H
NMR analysis, the presence of a terminal double bond is evidenced by the presence of three double
doublets at δ 6.25 (J = 18.0 and 1.2 Hz), δ 5.85 (J = 10.5 and 1.4 Hz) and δ 6.47 (J = 18 and 10.4 Hz)
close to a ketone. The methyl vicinal to the methine carbon can be evidenced by the signals of a multiplet
at δ 2.83 (1H) and the doublet at δ 0.98 (J = 7.5 Hz, 3H). The triplet at δ 0.79 (J = 7.8 Hz, 3H) indicates a
terminal methyl coupling the methyl hydrogens. The multiplet at δ 1.59 (2H) refers to the methylene at
position 5 of the molecule, which is unprotected as a function of the carbonyl, while the signal at δ 1.34
(m, 2H) refers to the methylene hydrogens of carbon 6. All these data set con�rmed this compound as 4-
methyl-1-heptan-3-one 2 (Table 2).

The compound with the retention time of 14.11 min (compound 3) in the defensive secretion of G.
horridus showed molecular ion of m/z 144, which corresponds to the molecular formula of C9H2O. Based
on the molecular ion, it is possible to visualize the loss of 15 units, corresponding to one methyl in m/z
129. The fragment of m/z 45 indicates the presence of an alcohol, whereas the fragments of m/z 57 and
87, altogether with the remaining data, and the calculated retention index value, allowed us to identify this
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compound as 7-methyl-2-octanol 3. So far, 7-methyl-2-octanol 3 has not been described for other opilionid
defensive secretion.

The isomers 4 and 5 in the defensive secretion of both species showed the molecular ions of m/z 224
and its characteristic fragmentation pattern allowed the identi�cation led us to compounds 1-(6-(1-
methyl-propyl)3,4-dihydro-2H-pyran-2-yl)2-methylbutanone (6) and 1-(6-isopropyl-3,4-dihydro-2H-pyran-2-
yl) isobutanone (7) (Wouters et al. 2013) (Table 1).

The defensive secretions of both species of Gonyleptes studied here are a mixture of compounds, as
usual for Opiliones (Hara et al. 2005; Jones et al. 2009; Raspotnig et al. 2005, 2015; Rocha et al. 2011).
The compounds in the defensive secretion of both Gonyleptes spp. are similar (Table 1). We mapped
those compounds in the modi�ed phylogeny of Pinto-da-Rocha et al. (2014) (Fig. 3). The list of
characters and the character matrix are in Tables 3 and 4, respectively.

All the vinyl ketones identi�ed in the defensive secretion of Gonyleptes spp. are restricted to the K92
clade, as expected (Kury 1992; Caetano and Machado 2013). This corroborates the current view that vinyl
ketones are synapomorphic for K92, derived from alkyl phenols and benzoquinones in the remaining
gonyleptids (Caetano and Machado 2013).

The mapping of the characters indicates that all the identi�ed vinyl ketones are homoplastic. However,
the combined presence of 4-methyl-1-heptan-3-one; 1-(6-(1-methyl-propyl)3,4-dihydro-2H-pyran-2-yl)2-
methyl-butanone (4) and 1-(6-isopropyl-3,4-dihydro-2H-pyran-2-yl) isobutanone (5) are exclusive of
Gonyeleptes spp., hence allowing to diagnose it. Likewise, Sodreaninae can be diagnosed by the
combined presence of 5-methyl-1-hexen-3-one and 1-(6-isopropyl-3,4-dihydro-2H-pyran-2-yl) isobutanone
(5). Those results hint that some compounds might be useful for diagnosing monophyletic groups in
Gonyleptidae. However, our taxa sampling is reduced, and many other groups close to either Gonyleptes
or Soderaninae cannot be diagnosable compound wise. Part of those issues might be because of the
unsettled phylogenetic relationship among K92 taxa. There are many competing phylogenetic
relationships of K92 (Pinto-da-Rocha et al. 2014; Kury et al. 2022) and they can differ quite considerably
from one another. Those issues hamper attempts to make inferences of the evolution of the defensive
secretion in Gonyleptidae. Soon, when those phylogenetic relationships become more stable, we might
have a clearer picture of the usefulness of compounds to diagnose and infer taxonomic groupings in
Gonyleptidae.

Because behavioral studies on the effectiveness of defensive chemicals and natural history are scarce in
Opiliones, it is unfortunately not possible to comment on the use of such chemicals against predators or
in other contexts. Finally, we report 7-methyl-2-octanol (3) that is present in G. horridus defensive
secretion for the �rst time in Opiliones. It is autapomorphic for this species and the �rst alcohol in a
gonyleptid secretion to our knowledge.
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Table 3
List of modi�ed chemical characters from Caetano and Machado (2013) of the clade K92 (Arachnida,

Opiliones) used in the present analysis
Number Chemical character present in the odoriferous secretion State

01 2-ethyl-1,4-benzoquinone [0] absent; [1] present

02 2-ethyl-3-methyl-1,4-benzoquinone [0] absent; [1] present

03 2-ethyl-5-methyl-1,4-benzoquinone [0] absent; [1] present

04 2-ethyl-3,5-dimethyl-1,4-benzoquinone [0] absent; [1] present

05 5-ethyl-2-methyl-1,4-benzoquinone [0] absent; [1] present

06 2-methyl-1,4-benzoquinone [0] absent; [1] present

07 2,3-dimethyl-1,4-benzoquinone [0] absent; [1] present

08 2,5-dimethyl-1,4-benzoquinone [0] absent; [1] present

09 2,5-dimethyl-3-ethyl-1,4-benzoquinone [0] absent; [1] present

10 2,3,5-trimethyl-1,4-benzoquinone [0] absent; [1] present

11 hept-5-en-3-ona [0] absent; [1] present

12 1-hexen-3-one [0] absent; [1] present

13 1-hepten-3-one [0] absent; [1] present

14 3-methylhexan-2-ona [0] absent; [1] present

15 4-methylhexan-3-one [0] absent; [1] present

16 4-methyl-1-hexen-3-one [0] absent; [1] present

17 4-methyl-1-heptan-3-ona [0] absent; [1] present

18 5-methyl-1-hexen-3-one [0] absent; [1] present

19 7-metiloct-6-en-4-ona [0] absent; [1] present

20 4,5- dimethylheptan-3-one [0] absent; [1] present

21 1-(6-butyl-3,4-di-hydro-2H-pyran-2-yl) pentanone [0] absent; [1] present

22 1-(6-(1-methyl-propyl)3,4-dihydro-2H-pyran-2-yl)2-methyl-
butanone

[0] absent; [1] present

23 1-(6-(propyl)3,4-dihydro-2H-pyran-2-yl)butanone [0] absent; [1] present

24 1-(6-propyl-3,4-dihydro-2H-pyran-2-yl)2-methyl-butanone [0] absent; [1] present

25 1-(6-propyl)3,4-dihydro-2H-pyran-2-yl) isobutanone [0] absent; [1] present

26 1-(6-isopropyl-3,4-dihydro-2H-pyran-2-yl) isobutanone [0] absent; [1] present
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Number Chemical character present in the odoriferous secretion State

27 1-(6-butyl-3,4-di-hydro-2H-pyran-2-yl) pentanone [0] absent; [1] present

28 2-methyl-5-ethylphenol [0] absent; [1] present

29 2,3-dimethylphenol [0] absent; [1] present

30 2,5-dimethylphenol [0] absent; [1] present

31 2,3,4-trimethylphenol [0] absent; [1] present

32 2,3,6-trimethylphenol [0] absent; [1] present

33 7-methyl-2-octanol [0] absent; [1] present
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Figures

Figure 1

Chemical pro�le of scent gland secretions of G. curticornis (Arachnida, Opiliones)

Figure 2

Chemical pro�le of scent gland secretions of G. horridus (Arachnida, Opiliones)
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Figure 3

Chemical characters mapped in hypothesized K92 species (Arachnida, Opiliones) relationship, modi�ed
from Pinto-da-Rocha et al. (2014). Black circles indicate single transformations, and white circles indicate
homoplastic transformations. Numbers above the circle indicate the character number, and the numbers
below indicate their state
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