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Prof. Dr. Tiago da Silva Teéfilo - Universidade Federal Rural do Semi-Arido
Prof. Dr. Valdemar Antonio Paffaro Junior - Universidade Federal de Alfenas

Ciéncias Bioldgicas e da Salde

Prof. Dr. André Ribeiro da Silva - Universidade de Brasilia

Prof® Dr* Anelise Levay Murari - Universidade Federal de Pelotas

Prof. Dr. Benedito Rodrigues da Silva Neto - Universidade Federal de Goias

Prof? Dr® Daniela Reis Joaquim de Freitas - Universidade Federal do Piaui

Prof? Dr* Débora Luana Ribeiro Pessoa - Universidade Federal do Maranhao

Prof. Dr. Douglas Siqueira de Aimeida Chaves - Universidade Federal Rural do Rio de Janeiro
Prof. Dr. Edson da Silva - Universidade Federal dos Vales do Jequitinhonha e Mucuri

Prof? Dr® Elizabeth Cordeiro Fernandes - Faculdade Integrada Medicina

Prof® Dr® Eleuza Rodrigues Machado - Faculdade Anhanguera de Brasilia

Prof® Dr* Elane Schwinden Prudéncio - Universidade Federal de Santa Catarina

Prof* Dr® Eysler Gongalves Maia Brasil - Universidade da Integracdo Internacional da Lusofonia Afro-
Brasileira

Prof. Dr. Ferlando Lima Santos - Universidade Federal do Recdncavo da Bahia

Prof® Dr* Fernanda Miguel de Andrade - Universidade Federal de Pernambuco

Prof. Dr. Fernando Mendes - Instituto Politécnico de Coimbra - Escola Superior de Salde de Coimbra
Prof® Dr* Gabriela Vieira do Amaral - Universidade de Vassouras

Prof. Dr. Gianfabio Pimentel Franco - Universidade Federal de Santa Maria

Prof. Dr. Helio Franklin Rodrigues de Almeida - Universidade Federal de Ronddnia

Prof® Dr? lara Lucia Tescarollo - Universidade Sao Francisco

Prof. Dr. Igor Luiz Vieira de Lima Santos - Universidade Federal de Campina Grande

Prof. Dr. Jefferson Thiago Souza - Universidade Estadual do Ceara

Prof. Dr. Jesus Rodrigues Lemos - Universidade Federal do Piaui

Prof. Dr. J6natas de Franca Barros - Universidade Federal do Rio Grande do Norte

Prof. Dr. José Max Barbosa de Oliveira Junior - Universidade Federal do Oeste do Para

Prof. Dr. Luis Paulo Souza e Souza - Universidade Federal do Amazonas

Prof® Dr* Magnélia de Araljo Campos - Universidade Federal de Campina Grande

Prof. Dr. Marcus Fernando da Silva Praxedes - Universidade Federal do Reconcavo da Bahia
Prof® Dr* Maria Tatiane Gongalves Sa - Universidade do Estado do Para

Prof® Dr* Mylena Andréa Oliveira Torres - Universidade Ceuma

Prof® Dr* Natiéli Piovesan - Instituto Federacl do Rio Grande do Norte

Prof. Dr. Paulo Inada - Universidade Estadual de Maringa

Prof. Dr. Rafael Henrique Silva - Hospital Universitario da Universidade Federal da Grande Dourados
Prof® Dr* Regiane Luz Carvalho - Centro Universitario das Faculdades Associadas de Ensino
Prof® Dr* Renata Mendes de Freitas - Universidade Federal de Juiz de Fora

Prof® Dr® Vanessa da Fontoura Custodio Monteiro - Universidade do Vale do Sapucai

Prof® Dr* Vanessa Lima Gongalves - Universidade Estadual de Ponta Grossa

Prof? Dr® Vanessa Bordin Viera - Universidade Federal de Campina Grande

Prof® Dr* Welma Emidio da Silva - Universidade Federal Rural de Pernambuco
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Ciéncias Exatas e da Terra e Engenharias

Prof. Dr. Adélio Alcino Sampaio Castro Machado - Universidade do Porto

ProF® Dr® Ana Grasielle Dionisio Corréa - Universidade Presbiteriana Mackenzie
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APRESENTACAO

A Ecologia é a area da Biologia que estuda o meio ambiente e os seres vivos que
vivem nele, ou seja, € o0 estudo cientifico da distribuicao e abundancia dos seres vivos e das
interacdes que determinam a sua distribuicdo. As interagbes podem ser entre seres vivos
e/ou com 0 meio ambiente.

A Biodiversidade, também chamada de Diversidade Bioldgica, pode ser definida
como a variabilidade entre os seres vivos de todas as origens, a terrestre, a marinha e outros
ecossistemas aquéaticos e os complexos ecoldgicos dos quais fazem parte. Aconservacgéo da
biodiversidade é fundamental para assegurar a diversidade de organismos vivos, incluindo
0s ecossistemas terrestres e aquaticos. Apresenta também importancia econdémica, pois
0s seres vivos sdo importante matéria-prima na fabricagdo de alimentos, medicamentos,
cosméticos, vestimentas e até habitacdo. Preservar € garantir, portanto, que esses recursos
nédo faltem no futuro e que o meio ambiente permanega em equilibrio.

Nesse contexto, apresento o livro “Ecologia e Conservacédo da Biodiversidade”, uma
obra que apresenta 14 capitulos distribuidos no formato de artigos que trazem de forma
categorizada e interdisciplinar estudos aplicados as Ciéncias Biologicas. Esse e-book
traz resultados de pesquisas desenvolvidas por professores e académicos de instituicbes
publicas e privadas. E de suma importancia ter essa divulgacao cientifica, por isso a Atena
Editora se propdem a contribuir através da publicagéo desses artigos cientificos, e assim,
contribui com o0 meio académico e cientifico.

Desejo a todos uma excelente leitura.

Renan Monteiro do Nascimento
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ABSTRACT: Thirty-three essential oils (EOs)
from the aerial parts of Hypenia were analyzed
by chemometric analysis. EOs constituents

Ecologia e Conservacao da Biodiversidade

(165) were coded as dichotomous variables and
submitted to canonical correspondence analysis
(CCA) with two taxonomic sections, combined
with vegetative and reproductive phenophases
as explanatory variables. CCA results indicated
that 18.3% of the total variance in OEs were
explained by these predictors, with a greater pure
contribution attributed to phenology (53.7%),
followed by the botanical section (42.3%), and
12% of joint influence. Multivariate regression
tree (MRT) indicated six oil constituents as
the main discriminants for distinguishing
infrageneric classification and developmental
stages of Hypenia species. A trend to oxygenated
sesquiterpenes seems to accompany the
transition of sampling sites along the lowest
latitudes, although with differences concerning
the growth phases and sectional classification.

KEYWORDS: Hyptidinae, chemosystematics,
phenology, multivariate analysis, essential oils.

FILOGENIA E OS PADROES DE
DIVERSIDADE DE OLEOS ESSENCIAIS
NO GENERO HYPENIA

RESUMO: Trinta e trés 6leos essenciais (OEs)
das partes aéreas de Hypenia coletados no
Cerrado central brasileiro foram analisados por
CG/EM e analise quimiomeétrica. Os constituintes
dos OEs (165) foram codificados como
variaveis dicotdbmicas e submetidos a analise
de correspondéncia candnica com duas seg¢des
taxondmicas, combinadas com as fenofases
vegetativa e reprodutiva como variaveis
explicativas. Os resultados indicaram que 18,3%
da variancia total dos OEs foram explicadas por
esses preditores, sendo a maior contribuicdo
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pura atribuida a fenologia (53,7%), seguida da secao botanica (42,3%), e 12% da influéncia
conjunta. A arvore de regressao multivariada (MRT) indicou sete constituintes dos 6leos
como principais discriminantes para distinguir a classificagéo infragenérica e os estagios de
desenvolvimento das espécies de Hypenia. Uma tendéncia aos sesquiterpenos oxigenados
parece acompanhar a transicéo dos locais de amostragem ao longo das latitudes mais baixas,
embora com diferencas quanto as fases de crescimento e classificagéo seccional.
PALAVRAS - CHAVE: Hyptidinae, quimiossistematica, fenologia, analise multivariada, 6leos
essenciais.

11 INTRODUCTION

Hyptidinae Endl.,, Ocimeae Dumort tribe of Lamiaceae Martinov family, is
characterized by sternotribic flowers with stamens held in the corolla’s compressed lower
lip, forming an explosive pollination mechanism (HARLEY, 1988). A total of 19 genera with
around 400 species of Hyptidinae are now recognized, whose patterns of floristic and
taxonomic variation have resulted in endemic genera and a large number of new species
(HARLEY et al., 2004). Molecular studies have promoted a reassessment of morphological
characters and furthered understanding of evolutionary relationships among taxa (HARLEY
& PASTORE, 2012). Among these, the genus Hypenia (Mart. ex Benth.) Harley initially had
24 species attributed to it (HARLEY, 1988). In Brazil, there are about 28 representative
species of this genus (FARIA, 2014), with the center of diversity and dispersion being the
Cerrado of Goias state, where 18 species can be found. Of these, seven are endemic mainly
in areas of rock formations, usually found in oligotrophic and sandy soils with high levels of
aluminium and exposed to high luminosity. Some Hypenia spp. have flowered (ATKINSON,
1999), apparently as a sign of adaptation to bird pollination (HARLEY & PASTORE, 2012).

Hypenia spp. have either remained taxonomically undivided (BENTHAM, 1833;
HARLEY, 1988; HARLEY & PASTORE, 2012) or been distributed into two (BENTHAM,
1848; EPLING, 1949; FARIA, 2014), six (ATKINSON, 1999) or seven (BRIQUET, 1896)
taxonomic sections. After being upgraded to the generic level (HARLEY, 1988), this status
was subsequently maintained (HARLEY & PASTORE, 2012; FARIA, 2014) or indicated
(ATKINSON 1999) the transfer of all its species to the genus Eriope (Humb. & Bonpl. ex
Benth.). Hypenia’'s botanical keys show that characters used for their distinction derived
almost exclusively from a limited range of floral features. This may be partly attributed to
probable hybridization between sympatric species, as in Eriope, in addition to the small
number of specimens deposited in herbaria.

Similarly to those of the correlated genus Hyptis Jacq., Hypenia spp. are aromatic
and frequently cited in Brazilian Cerrado for their ethnobotanical uses, such as the
infusion or decoction of leaves in the treatment of flu, common cold and other respiratory
diseases (AGRA et al.,, 2007). Trypanocidal activity of volatile oils from H. salzmannii
(Benth.) R. Harley has also been reported (SOUZA et al., 2017). Moreover, recent studies
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have described essential oil (EO) variations from Brazilian Hypenia spp. and compared
their chemotaxonomic significance according to Epling’s sectional division (FARIA et al.,
2012; JESUS et al., 2021; SILVA et al., 2011). This article presents results of canonical
correspondence analysis (CCA) applied to EO constituents described for Hypenia species in
vegetative and reproductive phenological stages. EOs variations during the developmental
stages may be useful for understanding phylogenetic relationships, especially in view of the

fact that its species are not always found during flowering in wild populations.

21 MATERIAL AND METHODS

2.1 Botanical material

Alist of the twenty-six Hypenia species investigated are shown in the Supplementary
Information (SI) section (Table S1). Some species were collected from more than one
sampling site, totaling thirty-three populations. Among the species, eight are new in the
genus (FARIA, 2014).

2.2 Essential oils (EOs)

All thirty-three EOs were previously obtained from aerial parts by hydrodistillation in
a Clevenger apparatus, and analyzed by gas chromatography-mass spectrometry, totaling
165 constituents (FARIA et al., 2012; JESUS et al., 2021; SILVA et al., 2011).

2.3 Statistical analysis

For the multivariate analysis, EO constituents were coded as independent characters
(states presence or absence), as recommended by Sneath and Sokal (1963) and were
organized in a response matrix (34 x 165), with samples in rows and chemical as variables in
columns. An explanatory matrix (34 x 3) contained the same samples in rows and sectional
division (FARIA, 2014), in addition to the two phenological stages and combined factors as
categorical variables in columns. Canonical correspondence analysis (CCA) was performed
to associate the two matrices with downweighted data so that rare occurrences did not
influence results. Monte Carlo permutation tests (999 permutations) were used to assess
the significance of canonical axes. Partitioning of the explained variation was obtained using
partial CCA (pCCAs), with the explanatory matrix rearranged in two categorical subsets:
infrageneric classification and phenological variables. Sample classes were evaluated by
fuzzy C-means and Ward’s variance minimizing technique with Euclidean distance using
fitted coefficients from CCA. CCA allows one to assimilate the overall trend in EOs and
reduce the uncontrolled factors affecting quantitative variations as redundancy analysis,
RDA (FARIA et al., 2012; JESUS et al., 2021; SILVA et al., 2011).

Recursive partitioning of explanatory variables was also performed, thus producing
a tree-based model for predicting species classes through a multivariate regression tree
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(MRT). MRT model is nonparametric and does not require distribution assumptions, in
addition to being able to detect nonlinear effects or where high-order interactions among
variables are present (DE’ATH, 2002). The tree’s optimal size was decided by cross-
validated relative error (CVRE) and significant oil constituents were based to variable’s
indicator value index, IndVal (CACERES & LEGENDRE, 2009). Prior to the MRT analysis,
the response data was chord transformed giving low weights to variables with many zeros.

Average multiple comparisons were established by analysis of variance (ANOVA),
with the classes considered as a factor. Normality and homoscedasticity were checked
with Shapiro-Wilk and Bartlett tests, respectively, followed by a post hoc Fisher’s LSD test
adjusted by Holm correction. P-values < 0.05 were considered significant. All analyses were
performed in R (R Foundation for Statistical Computing, version 3.6.3, 2020).

31 RESULTS AND DISCUSSION

In plant collection (Sl, Table S1), some Hypenia spp. are rare (H. aristulata, H.
crispata, H. gratiosa, H. paradisi, and H. subrosea), show endemic occurrences (H. helenoi,
H. rupestre, H. simplex, H. sp., new) or have a discontinuous distribution adapted to different
soils (H. densiflora). Of these, H. chapadensis, H. gratiosa, H. jorgeana, H. helenoi, H.
niquelandiensis, H. pulchra, H. rupestre, and H. sp. (new) are currently undescribed species
of the genus (FARIA, 2014).

A total of 165 oil constituents (SILVA et al., 2011; FARIA et al., 2012) was coded
as dichotomous characters (Sl, Table S2). Some Hypenia spp. could be identified due to
the absence of oil constituent that was found in others species. For example, spathulenol
was absent from H. pruinosa (prul) profile, whereas H. sp. (new) did not show (E)-
caryophyllene. Furthermore, a third of the oil constituents (52 compounds) were present in
only one of the Hypenia species. For example, H. simplex showed 11 unique constituents
and H. brachystachys, and H. pruinosa five unique occurrences. About 60% of the samples
presented only one of EO constituents. Among these constituents, sesquiterpenes
contributed with the largest number (32), followed by monoterpenes (11), with emphasis on
oxygenated ones (22 and 7, respectively).

Canonical correspondence analysis (CCA) was applied on presence/absence data
(SI, Table S2) to extract further information and to assess the influence of infrageneric
classification and phenology in species differentiation. Infrageneric classification was based
on Faria et al. (2014), with species being divided into two sections: Hypenia sect. Densiflorae
(Benth.) H. D. Ferreira & M.T. Faria comb. & stat. nov. and Hypenia sect. Hypenia (Mart. ex
Benth.) H. D. Ferreira & M.T. Faria, comb. & stat. nov. (Sl, Table S1).

CCA indicated that correlations between oil constituents and the two factors were
higher in the first two canonical axes (R, = 0.933 and R, = 0.874) and variance inflation
factors (VIF) were considered low (< 1.2), hence suggesting the absence of multicollinearity.
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Total explained variance (inertia) was moderate (15.8%), but highly significant in the CCA1
(8.9%, F-Fisher = 1.0, p = 0.001) and sum of CCAs (F= 1.9, p = 0.001). CCA2 (4.3%, F
= 0.7, p = 0.082) was significant at 0.1, justifies the high fitted variation (82.9%) in the first
CCA’s factorial plane (Figure 1).
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Figure 1. CCA diagrams of Hypenia's EO variations. Codes can be found in the Sl section (Table S1).

CCA1 showed a clear separation between vegetative samples — mainly characterized
by 1-epi-cubenol and trans-cadina-1(6),4-diene — from samples in a reproductive
phenophase, mainly characterized by the highest weights for germacrene D and muurola-
4,10(14)-dien-1B-ol. CCA2 distinguished samples of sect. Densiflorae by the highest weights
for a-selinene and selina-1,3,7(11)-trien-8-one from sect. Hypenia, which were mainly
characterized by sesquiterpene hydrocarbons. Therefore, positive values of CCA1 and CC2
were associated with species of sect. Densiflora in vegetative and reproductive stages,
respectively. On the other hand, negative values in both canonical axes were associated
with samples from sect. Hypenia in the reproductive and vegetative phenophases. Thus,
four natural classes (C1-C4) were suggested by CCA. The second plane of CCA can be
viewed in the Sl section (Figure S1).

The CCA diagrams indicated that, despite phenological influences within each
section, some species showed both chemical and morphological similarities (FARIA, 2014).
Examples include H. densiflora and H. brachystachys, and the latter with H. marifolia and
H. paradisi, which in turn is related to H. inelegans, H. jorgeana and H. irregularis. Another

group included H. macrantha and H. calycina, H. glauca and H. reticulata, while H. simplex
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behaves both chemically and morphologically as a sister species to all Hypenia spp., being
differentiated by its bell-shaped corolla (HARLEY & PASTORE, 2012).

CCA’ ordinations in four classes were confirmed by Ward and fuzzy C-means
techniques, whose high cophenetic correlation (0.957) and normalized Dunn’s coefficient
(0.961) showed a hard clustering of samples (Figure 2). A heat map of the doubly ordered
oil data with Ward’s dendrogram can be viewed in the Sl section (Figure S2).
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Figure 2. Ward’s dendrogram and fuzzy C-means diagram of Hypenia spp. according to EO variations.
Hypenia codes can be found in the Sl section (Table S1).

To assess the contribution of each factor, the explained variation was partitioned into
two subsets (infrageneric classification and phenology) by partial CCA (SI, Table S3). Results
show that all the variation fractions of pure effects were highly significant (p < 0.006). Total
variation fraction was higher for the phenology (49.9%) compared with that of taxonomic
section (28.1%). The fraction resulting from the joint effect, produced by the overlap of two
simple effects, represented about one fifth of the total explained variation (22%).

Multivariate regression tree (MRT) analysis was used to predict the relationships
between oil constituents and their classes. This method was chosen because nonlinear
variables (DE’ATH, 2002) and was combined with IndVal indices to identify oil constituents
with significant differences among classes (CACERES & LEGENDRE, 2009). This allows
to assess the degree of specificity of a particular variable for a cluster and its fidelity within
the cluster, measured through its percentage of occurrence. MRT explained 18.3% of total
variance in the response matrix, yielding a relative error of 4.7% via cross-validation (SlI,
Figure S3). Samples were initially split according to phenological stages into class C4/C1
(R? = 9.8% of contribution), with posterior split into class C1 (R? = 4.9%), followed by the
separation between classes C3 and C2 (R? = 3.6%) based in the infrageneric sections.
Significant chemical constituents according to MRT analysis are listed in Table 1.
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Constituent Section Densiflora Section Hypenia p-Values

Veg.2 Rep.b Rep. Veg.
a-Copaene 0.4586 0.004
(E)-Caryophyllene 0.2919 0.017
a-Humulene 0.4317 0.017
8-Cadinene 0.3315 0.050
Germacrene B 0.3590 0.035
Germacrene D 0.5628 0.007
1-Octen-3-ol 0.4798 0.011
o-Cymene 0.3525 0.028
(E)-p-Damascenone 0.3069 0.031
o-Selinene 0.4000 0.034
n-Nonanal 0.4000 0.032
Muurola-4,10(14)-dien-1g-ol 0.5802 0.001
Selina-1,3,7(11)-trien-8-one 0.4000 0.036
Caryophylla-4(12),8(13)-dien-5p3-ol 0.3069 0.031
a-Muurolol 0.3850 0.041
p-Cymene 0.3917 0.037
Geranyl acetone 0.3877 0.040
trans-Cadina-1(6),4-diene 0.6667 0.002
trans-Sesquisabinene hydrate 0.3070 0.048
1-epi-Cubenol 0.6878 0.002

Table 1. Indicator value indices (IndVal) of discriminant oil constituents predicted by MRT.

aVegetative stage. "Reproductive stage.

Table 1 shows a separation between species in sect. Densiflorae, mainly due to the
presence of eudesmanes such as a-selinene and selina-1,3,7(11)-trien-8-one (reproductive
stage) and cadinanes (vegetative stage), while species in sect. Hypenia were mainly
characterized by copaane and humulane (vegetative phase) and germacranes, regardless
of phenophase. These results were similar to those when the constituents were analysed
as quantitative variables through redundancy analysis (JESUS et al., 2021). EO variations
are associated with ontogeny and morphological changes, although plants’ stages are
also directly influenced by environmental conditions, above all temperature and luminous
intensity (REHMAN et al., 2016). Spatial influence on the composition and distribution of
EO constituents cannot be ruled out. In fact, samples’ direct projection on UTM coordinates
resulted in a significant difference (p £ 0.006) between class centroids by analysis of
variance (Figure 3).
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Figure 3. Projection of clustered Hypenia spp. according to EO variations on UTM coordinates of the
sample collection. Hypenia codes can be found in the S| section (Table S1).

ANOVA showed that class C2 occurred significantly more in the southwest portion
of the surveyed area, whereas class C4 were mainly distributed in the northeast. The
results suggested that Hypenia species in reproductive stage from sect. Hypenia from
sampling sites located in higher latitudes (mean value, 8253.3 + 126.4 km; class C2) were
able to accumulate hydrocarbon sesquiterpene (germacrene D; p < 0.007), which can be
considered as good reservoirs of chemical potential energy (KOTZ & TREICHEL, 1999). On
the other hand, oxygenated sesquiterpenes (geranyl acetone, trans-cadina-1(6),4-diene,
trans-sesquisabinene hydrate, and 1-epi-cubenol; 0.002 < p < 0.048) were mainly produced
in vegetative plants (sect. Densiflorae) growing at lower latitudes (mean values, 8423.4
+ 56.4 km; class C4). Similar oxidative gradient has been described for the EOs of allied
genus, Hyptis Jacq. (OLIVEIRA et al., 2005) and Icacenaceae emmotin sesquiterpenoids,
but with increase of oxidised from lowest latitudes (KAPLAN et al., 1991).

Hypenia was originally described as a section of Hyptis Jacq. (BENTHAM, 1933)
and later (BENTHAM, 1848) divided into two subsections according to open paniculate
inflorescence (subsect. Laxiflorae) compared to crowded inflorescence (subsect.
Densiflorae). Briquet (1896) also revised Hyptis sect. Hypenia to include seven subsections,
but did not assign species types to any of them. Epling (1949), in reviewing Hyptis,
endorsed Bentham’s classification and stated that each Hyptis section could be elevated
to genus status, especially if vegetative form and habit were known in more detail. In fact,
Harley (1988) elevated Hypenia to generic rank without divisions, based on leaf and pollen
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morphology and chromosome number, while Atkinson (1999) suggested placing all Hypenia
spp. within Eriope, with six sections and two subsections based on morphological characters
and the ITS region of the nuclear genome. More recently, Faria (2014) added ten new
species and distributed the 28 currently recognized Hypenia spp. into sect. Hypenia and
sect. Densiflorae, based mainly on floral traits and leaf anatomical characters which were
potentially promising for the group’s taxonomy when used alone or in combination, such as
tector trichomes, capitate glandular trichomes and hydathodes.

4] CONCLUSION

Hypenia spp. have remained taxonomically undivided or have been distributed
into two, six or even seven taxonomic sections, with two subsections based mainly
on morphological traits. The distribution pattern of Hypenia EOs coded as independent
dichotomous characters is in accordance with the genus’ infrasectional division into two
sections proposed by Faria (2014). A trend to more highly oxidised sesquiterpenes seems
to accompany the transition of sampling sites along latitudinal influence, although with
differences concerning the growth phases and sectional classification. Six main constituents
were identified as potential markers for botanical sections and enabled the distinction
between vegetative and reproductive phenophases based to IndVal and MRT analysis.
Results showed that sect. Densiflorae was mainly characterized due to the presence of
eudesmanes (reproductive stage) and cadinanes (vegetative stage), whereas sect. Hypenia
showed copaane and humulane (vegetative phase), and germacranes, regardless of
phenophase.
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