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ANNOTATION

The thesis explores the effects of ecological factors at different spatial and
temporal scales on biodiversity patterns of butterflies and moths in
Afrotropical rainforests and savannahs. Habitat associations of both fruit-
feeding butterfly and moth communities were compared in Afrotropical
lowland rainforests of Mount Cameroon, Cameroon. In the same time, the
impact of natural disturbances (forest elephants) on diversity and structure
of butterfly, moth and tree communities at mid-elevation were examined.
Then, the effects of combined seasonal dynamics and elevation on
different groups of Lepidoptera were evaluated along the complete
elevational gradient on Mount Cameroon. Another aspect of this thesis
focuses on the relationships between species richness and abundance of
moths with environmental productivity on a continent-wide gradient in
Southern African savannah ecosystems. Finally, new country records and
new species are reported via the contribution of barcoding and traditional
morphological identification to the knowledge of butterfly and moth
diversity in the Afrotropics.
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INTRODUCTION

Biodiversity is generally about the number of species in a given area but
can also encompasses abundance and other related diversity measures
(Purvis & Hector, 2000). Biodiversity is not uniformly distributed
throughout the world. First works studying spatial patterns of
biodiversity showed that it increases from the poles to the equator, from
high elevations to low elevations and from islands to continents (Darwin
1839, 1859; von Humboldt, 1849; Wallace 1876, 1878), those patterns
being driven by favourable climatic conditions (Wildenow 1805).

Unravelling and describing species distributions and diversity, and
comprehending the mechanisms shaping these patterns is still one of the
main goals in the current research (Rosenzweig 1995; Waide et al. 1999;
Hillebrand 2004; Rangel et al. 2018). Key questions on diversity patterns
remain unanswered (Rangel et al. 2018). While ecological research has
largely focused on global biodiversity patterns (Rosenzweig 1995;
Hillebrand 2004), geographic and temporal gradients in local species
richness have long fascinated ecologists (Dobzhansky 1950; Hutchinson
1959; Pianka 1966; MacArthur 1972; Rosenzweig 1995), establishing the
importance of spatial and temporal scales on biodiversity patterns
(Lomolino 2001). Ecological processes and factors shaping diversity and
assemblage of communities have been studied at smaller scale (Ricklefs &
Schluter 1993), leading to the concept of metacommunity (Holoyoak et al.
2005), and at landscape or regional scales (Gutzwiller 2002). Comparison
of biodiversity at different spatial scales and amongst different studies
raised issues regarding biodiversity measurement (see Magurran & McGill
2011 for a review).



Lepidoptera as a biological model

Inaccessibility, time and money limitations, the complexity of habitats and
the great number of species make studying all insect species hardly doable
in tropical areas (Gardner et al. 2008). Focusing on a single taxon in
tropical ecological studies can overcome this bias.

Lepidoptera (butterflies and moths) is one of the major groups of
insects in terms of species richness, just behind Hymenoptera, Diptera and
Coleoptera (Gaston 1991; van Nieukerken et al. 2011; Forbes et al. 2018).
About 160,000 species of Lepidoptera were described, whose ca. 140,000
belong to moths (Footitt & Adler 2009; Kristensen et al. 2007; van
Nieukerken et al. 2011), and extrapolative estimates bring their global
richness up to 700,000 species (van Nieukerken et al. 2011). High diverse
groups of organisms, such as Lepidoptera, are usually considered as
potential environmental indicators as they rapidly respond to changes in
climate or vegetation (Kitching et al. 2001; Beck et al. 2002; 2006,
Bonebrake et al. 2010), and not all groups are affected by the same
environmental change (Kremen 1992; New 2004).

Lepidoptera play key roles in ecosystems by their broad range of
interactions with other organisms. Most caterpillars are primary
consumers, including a wide spectrum of herbivory on trees, shrubs, forbs,
grasses, algae, fungi and lichens, but they also include detritivores and
carnivores (Powell et al. 1999). Adults feed on other specific resources,
such as flower nectar, plant saps, juices of rotten fruits, decaying materials,
or are simply unable to feed (Krenn 2010). Lepidoptera are also an
important link within foodwebs as hosts for parasitoids, such as
Ichneunonoidea, Chalcidoidea, and Tachinidae (Forbes et al. 2018), for
pathogens (Hawkins et al. 1997), but also as preys for bats, birds, and many
other predators (Kalka et al. 2008; ter Hofstede & Ratcliffe 2016; Sam et
al. 2017). They play an essential role as pollinators (MacGregor et al. 2015;
Ollerton 2017), and most of the species have specialized host associations
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with at least a few closely related plants (Novotny et al. 2002; Forister et
al. 2015), leading to close evolutionary interactions with their host plants
and their predators (Ehrlich & Raven 1964; Agrawal 2007; Krenn 2010;
Mikhail et al. 2018). Thus, variation in the structure and diversity of
Lepidoptera assemblage can represent of changes at other trophic levels as
well. Furthermore, Lepidoptera communities are known to be indicators of
habitat change influencing many other taxa. Their diversities are highly
correlated with diversity characteristics of other insects, spiders, but also
vertebrates and plants (Barlow et al. 2007; Gardner et al., 2008). Thus,
Lepidoptera represent an ideal biological model to study various
ecological research, such as biodiversity patterns along ecological and
biogeographical gradients.

Another advantage of using Lepidoptera as a model are their well-
standardised sampling methods. Although some methods focus on
caterpillars (Zandt 1994; Raimondo et al. 2009), only adults were studied
in this thesis. Amongst the most used methods focusing on adults are
transect walks, quantifying relative abundance of individual species (i.e.
Pollard technique, Pollard 1977; Nowicki et al. 2008), and the Mark-
Release-Recapture method, allowing to precisely quantify population
sizes, or to measure their dispersal abilities (Ehrlich 1965; Nowicki et al.
2008). However, these two methods did not serve the purposes of the
studies included in the thesis. Instead, bait trapping, light trapping and light
catching were extensively used. Bait trapping is commonly used to attract
adult butterflies by various food baits, but it also attracts adult moths which
are totally neglected in bait-trapping studies (Freitas et al. 2014). Light
trapping and catching simply attract moths to light sources. Since the two
methodological approaches attract largely different Lepidoptera
communities, using both bait and light methods allow to sample a wider
species spectrum of the Lepidoptera communities. Their main advantage
lies in their efficiency to sample many individuals in a short period of time,
offering a relatively good description of the communities (Beck &



Linsenmair, 2006; Freitas et al. 2014). Bait traps can also be set in different
layers of vegetation, i.e. canopy and understory, allowing a comparison of
communities from different vegetation strata (DeVries et al. 1997).
However, using different kinds of baits or light wavelengths attract
different species (Langevelde et al. 2011; Freitas et al. 2014), and those
methods can be also influenced by environmental and meteorological
conditions (moon phases, temperature, precipitation; see Yela and
Holyoak 1997 for a review). Nonetheless, protocols involving those
methods are easy to standardise which result in strong interpretable
datasets for Lepidoptera biodiversity pattern research.

Due to their popularity among naturalists, their relatively well-
stabilized taxonomy and their attractive nature, moths and butterflies
appear to be an appropriate biological model in order to study diversity
patterns of tropical insects.

Patterns of tropical Lepidoptera communities along elevation
gradients

Elevation gradients are particularly interesting to study biodiversity
patterns, as abiotic conditions, such as temperature, precipitation, moisture
rate and soil, vary quickly with elevation (Marrs et al. 1998; Wolf 1993;
Begon et al. 2006). Although biodiversity used to be expected to linearly
decrease along elevation, numerous recent studies revealed other
elevational patterns of biodiversity as well (Rahbek 1995, 2005; McCain
& Grytnes 2010).

Regarding tropical Lepidoptera, existing studies originated mainly
from the Neotropics (Pyrcz & Wojtusiak 2002; Brehm & Fiedler 2003;
Brehm et al. 2003, 2005, 2007; Hilt 2005; Hilt & Fiedler 2005; Hilt et al.
2007; Beck & Chey 2008; Fiedler et al. 2008; Pyrcz et al. 2009; Beck et
al. 2011; Ignatov et al. 2011; Despland et al. 2012) and southestern Asia



and Australia (Ashton et al. 2011, 2016a, 2016b; Sam 2011; Bhardwaj et
al. 2012; Odell et al. 2016), while Afrotropical mountains were less studied
(Axmacher et al. 2004, 2009; Axmacher & Fiedler 2008; Peters et al.
2016). These studies revealed that Lepidoptera species richness patterns
along elevation gradients follow four main patterns: a low plateau, a low
plateau with a mid-peak, a decrease of species richness with elevation, and
a peak of species richness at mid-elevations representing the large majority
of the studies (McCain & Grytnes 2010, Beck et al. 2017). Although
climatic, biotic, historic, and spatial factors were supposed to explain these
patterns (Grytnes & McCain 2007), no single driver can fully explain them
(Beck et al. 2017). The decrease of productivity, plant diversity, and
available area (species-area relationship), with increase of extreme
conditions probably cause the decrease of Lepidoptera species richness
along elevation (Lawton et al. 1987). The mid-altitudinal peak could also
be caused by the mid-domain effect, a geometric approach which implies
an increasing overlap of species ranges at mid-elevation (Colwell et al.
2005, 2016). However, studies on moths did not reveail the effects of the
geometric model on the species richness patterns (Brehm et al. 2007; Beck
et al. 2017). Then the mid-altitudinal peak could be simply explained by
the favourable conditions at middle elevations (averaged temperature),
conditions modulated by the mid-domain effect (Colwell et al, 2016).

Temporal dynamics of tropical Lepidoptera communities

The diversity and the short generation time make insects an ideal group for
describing seasonality roles on tropical diversity (Janzen 1983). Seasonal
aspects are important factors in structuring of insect communities and life
history strategies (Wolda 1988; Kishimoto-Yamada & Itioka, 2015).
Although seasonality is more pronounced in temperate regions, leading to



a strong phenological synchrony towards the optimal climatic conditions,
its role is crucial for many insect species (Wolda 1980, 1988).

Regarding Lepidoptera, in tropical rainforests, annual or biannual
peaks of abundance and richness of fruit-feeding butterflies and moths
were detected during the drier seasons recording a time delay of three
months following the beginning of rainy season(s) (Intachat et al. 2001,
DeVries et al., 2012; Grgtan et al. 2012, 2014; Valtonen et al. 2013;
Maicher et al. 2018). Other short-term studies also found similar results
(Hamer et al. 2005; Aduse-Poku et al. 2012), while Molleman et al. (2006)
did not reveal any seasonal pattern during their relatively longer-term
monitoring (3 years) in the Afrotropics. Contrastingly, richer and more
abundant butterfly communities were detected during wet seasons in
Neotropical rainforests, where the seasonality is usually less pronounced
(DeVries et al. 1997; DeVries & Walla, 2001; Checa et al. 2014). More
humid conditions are associated with resprouting (Hill et al. 2003), when
host plants produce new and young leaves and offer ideal sites for
oviposition and herbivory, increasing the survival rate of eggs and
caterpillars during the wet season (Tauber et al. 1986; DeVries 1997,
Valtonen et al. 2013). Moreover, higher temperature and solar radiation
rate during the drier seasons extend butterfly activity, contributing to the
highest abundance and richness of adults (Ribeiro et al. 2010; Grgtan et al.
2014).

Assessing the processes impacting elevational diversity patterns
remain important. With the aim of predicting the consequences of climate
change on the diversity patterns, some authors have studied its impact on
species elevation ranges (Colwell et al. 2008; Laurance et al. 2011).
Upward shifts of Lepidoptera community ranges have been recorded from
tropical mountains (Colwell et al. 2009; Chen et al. 2009, 2011a, 2011b).
However, the studies have focused on those patterns within a single season
or have totally neglected seasonality (Ashton et al. 2016b). As discussed



above, Lepidoptera communities are seasonal. Thus, there is a need to
consider their seasonal character in such studies.

Small-scale spatial mechanisms structuring tropical Lepidoptera
communities

While environmental productivity and climate are more responsible for
structure of communities at large scales, other factors, such as microhabitat
characteristics and biotic interactions, are more important at local scale
(Cottenie 2005; Benton 2009). Moreover, changes in plant communities
often lead to modifications of the vegetation diversity and structure, and
therefore in the heterogeneity of the available microhabitats and niches
(Lawton 1983; Tews et al. 2004).

Regarding tropical Lepidoptera, their communities are strongly
dependant on diversity of plants (Novotny et al. 2002), and environmental
changes may favor some host plants, and thus some species of Lepidoptera
(Beck et al. 2002; Novotny et al. 2003). Vegetation structure is also linked
to Lepidoptera communities. The stratification of vegetation directly
causes discret stratification of Lepidoptera communities (DeVries et al.
1997; Aduse-Poku et al. 2012; Roche et al. 2015; Ashton et al. 2016a), and
not all groups of Lepidoptera follow a unique pattern of diversity (Fermon
et al. 2003, 2005). Such modification of the vegetation characteristics
alters the climatic conditions of microhabitats, and generally, light,
temperature and humidity are crucial factors structuring Lepidoptera
communities. (Spitzer et al. 1997; Beck & Chey 2008; Ribeiro and Freitas
2012).

Since Lepidoptera are strongly sensitive to habitat characteristics,
they have been used as relevant indicators of habitat quality, responding to
successional processes (Veddeler et al. 2005; Hilt & Fiedler 2006;
Nyafwono et al. 2015; Valtonen et al. 2017), to natural disturbances, such



as fire (de Andrade et al. 2017) and tree-fall gaps (Pardonnet 2013), and to
human disturbances, such as selective logging and farming leading to the
habitat fragmentation (Horner-Devine et al. 2003; Bobo et al. 2006; Brito
et al. 2014; Filgueiras et al. 2016).

Afrotropical Lepidoptera: poorly understood diversity rich in
threatened ecosystems

Tropical ecosystems host tremendous Lepidoptera species richness. Since
this hyperdiverse group is a key for fully functional ecosystem, our
knowledge of its taxonomy and distribution is an unavoidable condition to
study their ecological roles and their diversity patterns. Linnean and
Wallacean shortfalls (Brown & Lomolino 1998, Lomolino 2004) are
difficult to address in poorly tropical regions such as the Afrotropics
(Whittaker et al. 2005). Unfortunately, the knowledge on the Afrotropical
Lepidoptera remains unsatisfactory.

The three main areas studied in this thesis, besides involving
interesting ecological process, are particularly relevant to show the lack of
knowledge on distribution and taxonomy of Lepidoptera. Mount
Cameroon and the Gulf of Guinea Highlands belong to the eastern limit of
the Guinean Forests of West Africa. This high mountain range stands on
the border between the Guinean and the Congolian biogeographic regions
and is known to be a biodiversity hotspot with a high endemism rate
(Myers et al. 2000; Mittermeier et al. 2011). Unfortunately, it is also
critically threatened by high human population densities and human
disturbances (e.g. agriculture, logging, poaching) resulting in shrinking
and fragmented forests (Oates et al. 2014; Sloan et al. 2014). The diversity
of butterflies from Cameroon is relatively well known, a few butterfly
species even already known being endemic to Mount Cameroon (Larsen
2005; Safian & Tropek 2016; Safian et al. 2019). However, our knowledge



on moth diversity is comparatively low (De Prins & De Prins 2021) The
numerous new country records (Tropek et al. 2013; Tropek et al. 2015;
Maicher et al. 2016; Przybytowicz et al. 2019) and new described species
of moths have been reported the last decade (Yakovlev & Safian 2016;
Ustjuzhanin et al. 2018), a higher regional species richness of moths is
expected. The establishment of the Mount Cameroon National Park in
2009 has substantially improved the conservation and protection of this
incredible biodiversity hotspot.

Moth diversity of forests and savannahs of Gabon, belonging to the
Congo Basin, has also been targeted by this thesis. The Congo Basin is
considered as a Major Tropical Wilderness, which represent important
reserves of biodiversity not being dramatically threatened by human
activities (Mittermeier et al. 1998; Myers 2000). The Central African forest
is the second largest tropical forest area after the Amazon. It is still
relatively well-preserved, and its recent shrinkage emphasises the need of
conservation and management of this aeras (de Wasseige et al. 2014).
While butterfly diversity is also relatively well-known in Gabon (Vande
Weghe 2010), there is a general lack of knowledge on the regional
diversity of moths.

Finally, Southern Africa hosts a great diversity of habitats, from
deserts and grasslands to woodland savannahs. Their dynamic and unstable
ecosystems are maintained by regular disturbances, and they generally host
a high biodiversity (Murphy et al. 2016). If the pressure from human
activities has been historically relatively low in many tropical grassy
biomes, this trend is likely to be reversed the next decades (Roxburgh et
al. 2010; Searchinger et al. 2015), threatening its unique biodiversity.
Paradoxically, because of the high interest of entomologists in South
Africa, Southern Africa is probably one of the most studied areas of the
Afrotropics. Nevertheless, knowledge on the moth diversity remains
unsatisfactory.



Aims of the thesis

In this thesis, the Lepidoptera biodiversity patterns were investigated at
different spatial and temporal scales in different Afrotropical regions in
order to answer distinct ecological questions.

Comprehension of small-scale ecological mechanisms shaping local
communities is important for building up the conservation strategies. If the
association of fruit-feeding butterfly communities with forest habitat have
been relatively well studied in tropical regions, moth communities were
largely neglected. To partly fill this gap, we compared forest habitat
associations of both fruit-feeding butterfly and moth communities in the
Afrotropical lowland rainforests of Mount Cameroon, Cameroon. The
effects of forest openness, forest structure, and plant diversity on both
communities have been described for both canopy and understory
communities in Chapter I. Furthermore, Mount Cameroon is known to
hold a small population of megaherbivores (i.e. forest elephants) on its
southwestern slopes. Elephants are considered as key ecological engineer
species. To evaluate the impact of natural disturbances on diversity and
structure of butterfly, moth, and tree communities, we examined these
communities at mid-elevation (two altitudes) in elephant disturbed and
elephant excluded zones in Chapter I1.

Besides, biodiversity patterns of Lepidoptera along elevational
gradients have been relatively well-studied, although hardly any data
originated from the Afrotropical forests. However, the seasonal dynamics
of these patterns were not described or even considered in any previous
studies. While there is a current increasing need to inquire the effects of
climate change on biodiversity, it is however necessary to first understand
the short-termed temporal effects related to seasonal cycles. Consequently,
in Chapter 111, we aimed to reveal the effects of seasonal dynamics of
different groups of Lepidoptera along the complete elevational gradient of
Mount Cameroon.
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Furthermore, unravelling the global biodiversity patterns belongs
among one of the main goals of the current ecology. Environmental
productivity, commonly defined as the amount of biomass produced by
primary producers in a given period and area, is considered as one of the
main factors affecting local biodiversity. However, the relationship
between environmental productivity and species richness of most
organisms, including Lepidoptera, is not so simple. Moreover, it is not
clear whether this relationship is scale-dependent. In Chapter IV, we
focused on the relationships between species richness and abundance of
moths with environmental productivity on a continent-wide gradient in the
Southern African savannah ecosystems.

Finally, the above-mentioned ecological studies were performed in
the highly understudied areas where lepidopteran fauna is largely
unknown. Our ecological projects brought an interesting and abundant
material, and such intensive inventories in poorly sampled areas brought a
unnegligible number of unknown species together with new information
on species’ distribution. Therefore, we examined this exceptional diversity
of Lepidoptera from the Afrotropical rainforests and savannahs and
showed how barcoding (Chapter V) and traditional morphological
identification (Chapters VI, VII and VIII) could contribute to the
knowledge of Lepidoptera diversity in the Afrotropical savannahs and
rainforests while reporting new country records. Moreover, in Chapter
V111, we emphasized the status of Cameroon as a biodiversity hotspot by
describing several new species of many-plumed moths (Alucitidae).
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Abstract

Mechanisms structuring tropical communities are still under-studied, especially in
Afrotropical rainforests. Although insect herbivores are considered to depend on
plant diversity, we hypothesized that vegetation structure, together with other mi-
crohabitat characteristics, can be more important for some insects. Here, we com-
pared habitat associations of fruit-feeding butterflies and moths, two ecologically
different groups of Lepidoptera, in three rainforest localities in foothills of Mount
Cameroon, West/Central Africa. Based on a comprehensive dataset of 16,040 speci-
mens of 398 species systematically collected by 240 traps at 48 plots (altogether
9.68 ha), we analyzed how plant community composition, habitat openness, and
forest structure affect communities of butterflies and moths. We expected differ-
ent habitat descriptors to predict communities of the two insect groups. Habitats of
tropical fruit-feeding moth communities have never been studied before.

In both analyses of species richness and community structure, butterfly communi-
ties depended mostly on forest openness. Moth species richness depended on plant
diversity and forest openness, whilst the latter substantially influenced their com-
munity composition. Additionally, we revealed differences in habitat associations
between understory and canopy communities of both groups. Whilst species rich-
ness of understory communities was not influenced by any habitat characteristics, it
generally followed the general patterns in canopies. By contrast, composition of un-
derstory communities followed the general patterns, whilst effects of habitat charac-
teristics on canopy communities were minor for butterflies and none for moths. The
differences between such closely related groups of herbivorous insects warn against
generalization based on single-taxon studies and highlight the need of community-
wide research of tropical rainforests.

Abstract in French is available with online material

KEYWORDS
Afrotropics, community composition, forest structure, insect herbivores, Lepidoptera, plant
diversity, tropical ecosystems, vegetation openness
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1 | INTRODUCTION

1.1 | Exploring factors responsible for structure
of communities belongs among the essential aims of
community ecology

The importance of such factors differs among scales: climate or en-
vironmental productivity are crucial on larger scales, whilst biotic
interactions and microhabitat characteristics prevail on smaller
scales (Benton, 2009). Recently, considerable attention has been
paid to large-scale biodiversity patterns, which has resulted in the
discovery of some general relationships consistent for different taxa
(Gaston, 2000; Hillebrand & Thomas, 2004; Tittensor et al., 2010).
Nevertheless, knowledge of the small-scale mechanisms is impor-
tant for our understanding of the dynamics and structure of local
communities (Cottenie, 2005). This is particularly true for the de-
velopment of local biodiversity conservation strategies. Since the
local mechanisms often vary among studied taxa and areas (Siefert
etal., 2012; Steinet al., 2014; Tews et al., 2004; Webb & Peart, 1999),
more studies are needed, especially from under-studied regions such
as the Afrotropics.

Insect herbivores are among the most abundant and species-rich
ecological guilds in tropical rainforests, with both top-down and bot-
tom-up effects on the entire ecosystem (Dyer & Letourneau, 1999;
Novotny et al., 2010). Their diversity strongly correlates with plant
diversity (Basset et al., 2012; Novotny & Basset, 2005; Novotny
et al,, 2002). Nevertheless, the species composition of herbivorous
insect communities can be both directly and indirectly influenced by
various other factors, often related to vegetation. A more diverse
plant community surely offers host plants to a broader spectrum of
herbivorous insects (Novotny, 2006). Simultaneously, such a diverse
plant community also offers more heterogeneous microhabitat con-
ditions through its structural complexity (such as host plants’ archi-
tecture), and thus more complex fundamental niches (Lawton, 1983;
Tews et al., 2004). However, the particular roles of individual com-
ponents of vegetation structure for communities of tropical herbiv-
orous insects are only scarcely studied.

In tropical rainforests, Lepidoptera communities are highly influ-
enced by species richness and composition of local plant commu-
nities (e.g., Novotny, Miller, et al., 2002). The positive correlation
between plant and Lepidoptera species richness is commonly de-
scribed (Brehm et al., 2007; Nyafwono et al., 2014a; Nyafwono
et al., 2015; but see opposite results by Axmacher et al., 2004),
whilst vegetation structure has also been linked to their commu-
nity structure (Axmacher et al., 2009). For instance, the stratifi-
cation of vegetation directly causes discrete vertical stratification
of Lepidoptera communities (Aduse-Poku et al., 2012; DeVries &
Walla, 2001; Fermon et al., 2005). Simultaneously, canopy openness,
specifically an extent of canopy gaps, is another important factor in-
creasing lepidopteran diversity (Hill et al., 2001; Hilt & Fiedler, 2005;
Nyafwono et al., 2015; Spitzer et al., 1997), although some species
prefer shaded forests. Such vegetation-related characteristics alter
for the microclimatic conditions of habitats, especially availability
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of light, and varying temperature and humidity, all known to cru-
cially influence the composition of tropical Lepidoptera assemblages
(Beck & Chey, 2008; Koh & Sodhi, 2004).

Moths (in this manuscript, we use this term for Heterocera, i.e.,
macromoths) and butterflies (Rhopalocera) are the best known and
species-rich groups of Lepidoptera. Among numerous minor differ-
ences, they differ in the day activity of their adults. Despite excep-
tions in both groups, overwhelming majority of butterfly species are
day active, whilst moths represent mostly nocturnal or crepuscular
adults. Whilst butterflies often need sunny spots in open forests
for behavioral thermoregulation (basking) and other activities (e.g.,
Dennis, 2010; Spitzer et al., 1997), moths can be expected to be rel-
atively less dependent on the openness of the forest because the
adult microhabitats should be less influenced by solar radiation.
Therefore, even though their close relativeness and generally similar
morphology, these two groups of presumably herbivorous insects
can be expected to show differences in use of adult habitats.

However, the relative importance of such habitat characteris-
tics in the structuring of butterfly and moth communities is not fully
understood in most tropical rainforest ecosystems. Despite the in-
disputable dependence of herbivorous communities on vegetation
diversity, microclimatic conditions linked to forest openness can
also be important predictors of community composition and species
richness, both for tropical butterflies (Houlihan et al., 2013; Koh &
Sodhi, 2004; Spitzer et al., 1997; Tropek & Konvicka, 2010; Vlasanek
et al., 2013) and moths (Axmacher et al., 2009; Beck & Chey, 2008;
Brehm et al., 2007; Brehm et al., 2003; Fermon et al., 2005; Hilt
& Fiedler, 2005; Rabl et al., 2019). On the contrary, plant commu-
nity composition predicted butterfly community composition more
efficiently than vegetation structure and forest openness in an
Afrotropical rainforest in Uganda, although without any correla-
tion between species richness of trees and butterflies (Valtonen
etal., 2017). Similarly, tree diversity is known to be the most import-
ant factor predicting moth diversity, with a positive correlation with
moth species richness (e.g., Beck et al., 2002, Brehm et al., 2003; al-
though a negative correlation was found by Axmacher et al., 2004).
On the other hand, Axmacher et al., (2009) revealed that moth com-
munities on Mt. Kilimanjaro depended more on the diversity of sev-
eral most common plant families than on the overall plant diversity. In
this study, vegetation structure was shown to be important for moth
communities as well, although with substantially less effect than
the above-mentioned common plant families. Summing up, whilst
vegetation structure was not found to substantially impact tropical
moth community composition (with the exception of Mt. Kilimanjaro,
Axmacher et al., 2009), it was, together with forest openness, an ef-
ficient predictor of the community composition of tropical butterflies
(Nyafwono et al., 2014b, 2015; Spitzer et al., 1997).

In this study, we focus on habitat associations of fruit-feed-
ing butterfly and moth communities, a species-rich guild of tropi-
cal insects, in rainforests of the largely under-studied Afrotropics.
Owing to straightforward and well-standardized sampling meth-
ods, butterflies and moths are frequently used as bioindicators in
ecological studies (Bonebrake et al., 2010; Braga & Diniz, 2018;
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Holloway, 1984). Our intensive sampling in three forest localities
in the foothills of Mount Cameroon, together with detailed data on
forest composition and structure, allowed a robust analysis of hab-
itat determinants of species richness and community composition
of the studied insect groups. Generally, we focused on the relative
importance of three main habitat components (plant diversity, forest
structure, and forest openness) for both lepidopteran groups. We
predicted that according to their different adult activities, butterfly
communities would be more influenced by forest openness, whereas
moth communities would be better predicted by plant diversity. To
our knowledge, we present the first comprehensive study of habitat
associations of fruit-feeding moths in any tropical rainforest. Because
Lepidoptera communities are known to be vertically stratified, we
focused on differences in habitat associations between canopy and
understory communities, predicting the forest openness would have
less importance for canopy communities because of generally more
solar radiation in the higher vegetation strata.

2 | METHODS
2.1 | Study area

Our study was conducted on the southwestern slope of Mount
Cameroon (4.1002° N, 9.0503° E), Southwest Region, Cameroon. It
is the highest mountain of West/Central Africa (4,095 masl) and the
only active volcano within the Cameroon Volcanic Line. The region
has a humid tropical climate with a distinctive dry (late December-
February) and wet (June-September) seasons, separated by two
transitions (March-May and October-November). The mean annual
temperature is 23.3 + 0.7°C at 300 m asl (decreasing by ca 0.5°C per
100 altitudinal meters; Fraser et al., 1998) and the mean annual rain-
fall often surpasses 12,000 mm in the foothills (Maicher et al., 2020),
making the southwestern slope of Mount Cameroon one of the rain-
iest places on the Earth. Its unique climate, relative isolation, and
heterogeneity of environments along its elevational gradient make
it a biodiversity hotspot for many organisms, including Lepidoptera
and plants (Cable & Cheek, 1998; Delabye, Maicher, Safian, Dolezal,
et al., 2020a; Safian & Tropek, 2016; Ustjuzhanin et al., 2018).

Our study was carried out in three localities with different
tropical forest vegetation, all inside the Mount Cameroon National
Park. These study sites were the same as those included in Maicher
et al. (2018): the Bamboo Camp (N 04.08990°, E 09.05174°%; 350 m
asl), a mosaic of primary and secondary lowland forest; the Drink
Gari Camp (N 04.10221° E 09.06304°; 650 m asl), primary dense
lowland forest; and the Plante Cam Camp (N 04.11750°, E 09.07094°;
1,100 m asl), an upland forest locally disturbed by elephants which
reduces the density of trees and forms clearings dominated by herbs,
grasses and ferns. Within each sampling locality, 16 plots (radius of
20 m; i.e., 9.68 ha covered by all 48 plots) were established in for-
est habitats, with a minimal distance of 150 m between them. Any
non-forest habitats (including large gaps) were avoided during our
sampling as we targeted forest Lepidoptera only.
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2.2 | Lepidoptera sampling

The sampling of fruit-feeding butterflies and moths (i.e., species with
adults feeding on fruits) represented a total of 7,200 trap-days. Both
groups were collected using Van Someren-Rydon type traps (modi-
fied IKEA PS Fangst hanging storage devices: height 75 cm, diam-
eter 23 cm; first used by Safian et al., 2011) baited with ca 0.3 L of
fermented mashed bananas. Within each of 48 sampling plots (see
above), five traps were installed (i.e., 80 traps per locality, repre-
senting 240 traps altogether): four were exposed in the understory
as close to the ground as possible, and one was set in the canopy
at 20 (+5) m height. Our sampling was repeated during three dif-
ferent seasons: transitions from wet to dry (November/December
2014), and from dry to wet seasons (April 2015), and a high-dry sea-
son (January/February 2016). During each season, the traps were
exposed for ten consecutive days at the same position within the
sampling plots. Every sampling day all traps were checked, and all
captured butterflies and moths were removed, killed, and either
identified in the field, or dried and identified later in the lab. All
traps were rebaited every third or fourth day according to weather
conditions, the bait was also checked daily and refilled if necessary.
For more details on the sampling see also Maicher et al. (2018).
Specimens were identified using mainly Larsen (2005) and Vande
Weghe (2010) for butterflies, and Seitz (1930) and literature listed
in De Prins and De Prins (2020) for moths. Additionally, numerous
other resources, together with reference material from numerous
collections were used for identification, depending on particular
groups. Voucher specimens were deposited in the Nature Education
Centre of Jagiellonian University, Krakéw, Poland.

2.3 | Habitat characteristics

All 48 sampled plots were characterized by 37 habitat descriptors
separated into three categories: 1/ forest structure, 2/ forest open-
ness, and 3/ plant diversity. All particular habitat descriptors are
listed and described in Table 1, most of them were taken from Horak
etal. (2019).

In each plot, for both dead and live trees > 10 cm DBH, height
was estimated by an ultrasound instrument system (HAGLOF Vertex
IV-GS) and DBH was measured; these values were used for the
quantification of 14 characteristics of forest structure (Table 1). To
quantify light transmitted through the canopy, five hemispherical
photographs per plot (i.e., 240 photographs together) were taken by
Nikon F9 digital camera with Nikkor fisheye lens. Each photography
point was fixed at 1.8 m above ground: one in the plot center and
fourin its cardinal direction points 10 m from the center. All photo-
graphs were converted to black and white bitmaps using automatic
thresholdingimplemented in SideLook 1.1 (Nobis & Hunziker, 2005).
Transmitted direct, diffuse, total solar radiation, and canopy open-
ness were calculated with Gap Light Analyzer software (Frazer et al.,
1999). Together with herb and shrub layer coverage estimates, as
well as the total coverage of these two layers, 13 characteristics
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TABLE 1 Measured descriptors of habitats in three rainforests on Mount Cameroon

Variable

Forest structure
Tree number
Live tree number*
Dead tree number

Tree basal area

Live tree basal area

Dead tree basal area

Stand wood volume

Live tree wood volume*

Dead tree wood volume*

Mean Diameter at Breast
Height (DBH)*

Maximum Diameter at
Breast Height

Mean tree height

Maximum tree height*

Mean Stem Slenderness
Index

Forest openness

Maximum canopy
openness

Mean canopy openness

Herb layer cover*

Shrub layer cover*

Herb and shrub layer
cover

Maximum Leaf Area
Index

Mean Leaf Area Index

Maximum amount of
transmitted direct solar
radiation transmitted
by the canopy

Code

Tnb
LTnb
DTnb

TBA

LTBA

DTBA

SwWv

LTwyv

DTwWvV

MnDBH

MxDBH

MnTH

MxTH
SSI

MxCO

MnCO

E1

E2

E1+E2

MxLAI

MnLAI

MxTDr

Definition/way of evaluation

Number of all trees > 10 cm DBH (individuals/plot)

Number of live trees > 10 cm DBH (individuals/plot)

Number of dead trees > 10 cm DBH (individuals/
plot)

Cumulative area of all tree trunks and stems > 10 cm
DBH; calculated from measured DBH (m2)

Cumulative area of all live tree trunks and
stems > 10 cm DBH; calculated from measured
DBH (m?)

Cumulative area of all dead tree trunks and
stems > 10 cm DBH; calculated from measured
DBH (m?)

Calculated from tree height and basal area of all
trees (m?)

Calculated from tree height and basal area of all
living trees (m®)

Calculated from tree height and basal area of dead
trees (m°)

DBH measured at 1.3 m above ground (cm)
Maximum DBH from all trees at the plot (cm)

Calculated from estimated heights of individual
trees (m)

Estimated height of the highest tree at plot (m)

Ratio of estimated tree height to measured DBH for
each tree, averaged per plot

Maximum percentage of open sky from beneath
a forest canopy determined from hemispherical
photographs (%)

Mean percentage of open sky from beneath a
forest canopy determined from hemispherical
photographs (%)

Herbs defined as all non-woody plants rooted in the
soil; visually estimated over the entire plot area by
the same observer (%)

Shrubs defined as all woody plants not exceeding
the height of 4 m and with DBH < 10 cm rooted
in the soil and not classified as climbers; visually
estimated over the entire plot area by the same
observer (%)

Combined cover of herb and shrub layers as
described above (%)

Maximum effective leaf area index integrated over
the zenith angles O to 75°

Mean effective leaf area index integrated over the
zenith angles O to 75°

Maximum amount of direct solar radiation
transmitted by the canopy (%)
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Range Average  SD
33-112 64.54 16.11
33-110 62.56 15.43
0-11 1.98 279
2.73-9.34 5.36 1.46
0-0.93 0.14 0.24
272-9.34 519 1.49
33.12-301.17 118.90 52.40
0-7.14 0.94 177
32.54-301.17 118.17 5211
58.7-200 106.26 34.01
19.99-34.41 2595 3.31
17-48 33.08 6.21
8.61-18.89 13.92 2.48
0.43-0.90 0.64 0.11
2.24-12.88 4.87 2.53
2.46-20.31 6.86 443
20-90 48.65 16.07
10-60 40.31 14.71
50-90 69.06 11.74
1.99-4.74 3.73 0.72
2.67-5.31 4.28 0.63
3.70-21.43 9.16 446

(Continues)
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TABLE 1 (Continued)
Variable Code Definition/way of evaluation Range Average SD

Mean transmitted direct MnTDr Mean amount of direct solar radiation transmitted 4.46-41.49 14.55 8.37
solar radiation by the canopy (%)

Maximum amount of MxTDf Maximum amount of diffuse solar radiation 3.57-17.70 7.74 3.64
transmitted diffuse transmitted by the canopy (%)
solar radiation

Mean transmitted MnTDf Mean amount of diffuse solar radiation transmitted 3.75-31.04 11.51 7.02
diffuse solar radiation by the canopy (%)

Maximum of total solar MxTT Maximum sum of direct and diffuse solar radiation 3.64-22.47 8.67 4.47
radiation transmitted by the canopy (%)

Mean total solar MnTT Mean sum of direct and diffuse solar radiation 4.1-39.94 13.29 8.07
radiation* transmitted by the canopy (%)

Plant diversity

Tree species richness* TSR Number of tree species 13-35 20.21 4.40

Herb species richness* HSR Number of herb species 25-101 66.25 19.00

Tree DCA1 score TDCA1 Case scores derived from the tree count produced 0.09-1.99 1.02 0.50

by a detrended correspondence analysis-Axis 1

Tree DCA2 score TDCA2 ditto-Axis 2 0-247 0.84 0.53

Tree DCAS score TDCA3 ditto-Axis 3 0-249 1.66 0.38

Tree DCA4 score TDCA4 ditto-Axis 4 0.83-1.32 112 0.11

Herb DCA1 score HDCA1 Case scores derived from the herb count produced 0.01-1.94 0.69 0.39

by a detrended correspondence analysis-Axis 1

Herb DCA2 score HDCA2 ditto-Axis 2 0-3.97 147 1.38

Herb DCA3 score HDCA3 ditto-Axis 3 0.68-2.75 145 0.47

Herb DCA4 score HDCA4 ditto-Axis 4 0.61-2.34 1.40 0.28

Abbreviation: SD, standard deviation.

*Indicates variables selected via multivariate Pearson's correlations (Pearson p < |0.7|) and used for the GLMM analyses.

of forest openness were quantified (Table 1). Finally, all trees and
herbs were identified to (morpho)species (mostly following Cheek
et al., 1996, and Cable & Cheek, 1998; voucher specimens were
placed in the Herbarium of Faculty of Science, Palacky University in
Olomouc, Czechia), and their species richness, together with ordina-
tion scores of tree and herb (incl. plant saplings if in herb shrub layers
and identifiable) communities derived from detrended correspon-
dence analyses (DCA, to avoid arch-effect trends in the data, with
estimated covers of individual species), composed 10 characteristics
of plant diversity (Table 1).

2.4 | Data analyses

In all analyses, butterfly and moth communities were analyzed sep-
arately. All analyses were firstly run for the complete dataset, fol-
lowed by separate analyses of canopy and understory communities.

The focal groups’ diversities at individual sampling localities were
characterized by observed species richness and bias-corrected Chaol
species richness estimator. Sampling coverage was used as a proxy of
sampling completeness (INEXT package, Hsieh et al., 2016). The ob-
served species richness was mostly included within the Chaol 95%
confidence intervals (Table 2, Figure S1). Only the observed species
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richness (hereinafter referred as species richness) was used for the
analyses and interpretations of diversity relationships, as strongly rec-
ommended in datasets with high sampling coverages, as in our case
(e.g., Beck & Schwanghart, 2010; Brose & Martinez, 2004). For all anal-
yses, catches from all traps per plot (i.e,, 4 from understory and/or 1
from canopy) were pooled across all 30 sampling days (i.e., n=48inall
analyses) to avoid non-focal variation and potential noise.

The influence of individual habitat characteristics on the spe-
cies richness of both communities were tested in the Ime4 package
(Bates et al., 2015) in R 3.5.2 (R Core Team, 2018) by generalized
linear mixed models (GLMM) with log link function and Poisson error
distribution of the dependent variable (species richness in particular
plots per ten consecutive sampling days). Firstly, we tested collin-
earity among the explanatory variables within the three groups of
habitat characteristics. Altogether, ten habitat characteristics which
did not correlate with one another (Pearson p < [0.7; Table 1 and
Table S1) were included into the models. From the highly inter-cor-
related variables, we have always selected those which made the
most sense for the potential ecological interpretation of relationship
with lepidopteran communities, whilst the complete inter-correla-
tion matrix (Table S1) was considered in the results interpretation.
The ordination scores (DCA) of tree and herb communities were not
included in the GLMMs to avoid a lack of any biological explanation
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TABLE 2 Diversity of fruit-feeding butterflies and moths captured in three rainforests on Mount Cameroon
Fruit-feeding butterflies Fruit-feeding moths
Nymphalidae Crambidae Erebidae
Locality Group  Ab/SR Chao1 (+SE) SE o H' Ab/SR Chao1 (+SE) Ab/SR
Bamboo G 1,130/48 51.20 (£3.06) 0.99 10.17 214 11 1(+0.31) 222/42
Gamp us 3,226/78  82.05 (+3.60) 1 14.40 3.60  12/5 10.50 (+6.45) 1,503/74
All 4,356/93 98.06 (+4.43) 1 16.70 3.64 13/6 15.23 (+9.32) 1,725/92
Drink Gari (& 1,962/49 85.09 (+25.85) 0.98 10.91 2.57 2/2 2.5(+1.11) 267/57
Camp us 2,478/84 100.89 (+12.72) 0.99 16.80 3.53 8/4 4.88 (+1.92) 1,265/99
All 3,440/96 131.99 (+33.40) 1 18.32 3.62 10/6 11.40(+6.37) 1,532/125
PlanteCam C 441/34 131.78 (+111.31) 0.97 8.06 2.68 1/1 1(+0.31) 195/56
Camp us 2,164/57 67.56 (+7.67) 0.99 10.73 211 17/5 5.94 (+1.78) 1,539/91
All 2,605/69 83.44 (£9.19) 0.99 13.15 2.44 18/6 8.13 (+3.23) 1,734/109

Note: Ab: abundance; SR: observed species richness; SC: sampling coverage; «: Fisher's alpha; H': Shannon index. C: canopy communities, US:

understory communities, All: communities from both strata.

of correlation between the analyzed species richness and the plant
diversity gradient.

Elevation (i.e., sampling locality) was treated as a random effect
factor to filter out their individual differences (e.g., their differing
elevation, Maicher et al., 2020), whilst all the tested habitat charac-
teristics were treated as fixed effects to test their effects on species
richness of the focal groups. All possible combinations of the pre-
selected habitat characteristics within these three sets were fitted
into GLMM models, and compared with each other, as well as with
a null model (i.e., elevation as the only explanatory variable treated
as random factor). The model comparisons were based on the cor-
rected second-order Akaike information criterion (AlCc; Anderson
& Burnham, 2002; Sugiura, 1978). The most plausible models
(AAICc < 2) were considered as relevant and are listed in Table 3 (for
more details on their statistics, see also Table S2). Simultaneously,
the Akaike information criteria weight (w‘) was used to express
the conditional probabilities of individual model (i) to be the most
plausible for explaining the analyzed relationships (Wagenmakers &
Farrell, 2004).

The relative importance (i.e., marginal and conditional effects)
of the three groups of habitat characteristics on lepidopteran com-
munity composition was analyzed by variance partitioning in partial
Canonical Correspondence Analyses (CCA) in CANOCO 5.0 (ter Braak
& Smilauer, 2012; Smilauer & Leps, 2014). Prior to the analyses, the
response variables (i.e., lepidopteran species abundances in individ-
ual plots after ten days of trapping in each sampled season) were
log-transformed and the function “downweighting of rare species” was
applied (ter Braak & Smilauer, 2012). Elevation (i.e., sampling locality)
was treated as a covariate in order to filter out potential variability re-
lated to individual localities (Maicher et al., 2020). Within each group
of habitat characteristics, the significant variables were selected by
an automatic step-by-step forward selection procedure (Smilauer &
Leps, 2014), based on Monte-Carlo permutation tests (999 permuta-
tions; p < 0.05). The proportion of variation in communities explained
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by each group of habitat characteristics, the variation shared between
one or several sets, and the unexplained variation were calculated by
variation partitioning (Borcard et al., 1992), with the adjusted Ra2 as
the measure of variability explained by the particular group of char-
acteristics (conditional effect) or their combinations (marginal effect;
Peres-Neto et al., 2006).

3 | RESULTS

After removing butterflies not known to have fruit-feeding adults
(24 specimens of Hesperiidae) and moths with proboscis-less adults
(1 specimen of Lymantriinae), our dataset comprised 10,401 and
5,639 specimens belonging to 111 and 287 (morpho)species of but-
terflies and moths, respectively. 57 and 97 species of butterflies and
moths, respectively, were captured in both strata (Table 2). All the
butterflies belonged to the Nymphalidae family, whilst all the moths
were from three superfamilies: Geometroidea, Noctuoidea, and
Pyraloidea superfamilies (Table 2). Altogether, 3,098 trees > 10 cm
DBH of 136 tree species were measured within the 48 sampling
plots (Table 1).

3.1 | Determinants of species richness

In most of our species richness model comparisons, the null models
were included among the most plausible models according to AIC
(Table 3). Simultaneously, the null models were almost always (except
species richness of all moths and canopy moths, see below) the most
plausible ones, or had higher or comparable conditional probability to
be the most plausible model according to their w,. In such cases, we
considered such patterns as not relevant and avoided interpretation
of the particular relationships of species richness to individual habitat
characteristics (these relationships are still listed in Table S2).
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Geometridae Noctuidae All Families
Chao1 (+SE) Ab/SR Chao1 (+SE) Ab/SR Chao1 (+SE) Ab/SR Chao1 (+SE) sc o H'
85.90 (+28.22) 3/3 5(+2.92) 23/14 37.91(+23.21) 249/60 147.15 (£45.17) 0.86 25.10 3.15
93.52 (+10.21) 10/9 37.80 (+35.68) 3/3 5.00 (+2.92) 1,528/91 138.03 (x19.96) 097 21.21 297
120.43 (+13.20) 13/11 52.54 (+27.75) 26/14 21.69 (+7.21) 1,777/123 191.71 (£25.03) 0.97 30.02 3.25
94.42 (+20.21) 30/7 16.67 (+9.78) 76/20 22.96 (+3.20) 375/86 136.57 (+21.98) 0.9 34.92 3.74
137.50 (+17.66) 41/18 37.68 (+17.01) 8/6 14.75 (+8.84) 1,322/127 202.05 (+28.66) 0.96 34.62 3.51
179.35 (+22.42) 71/21 44.66 (+19.92) 84/21 27.05 (+6.01) 1,697/173 263.70 (+30.53) 0.96 48.20 391
135.67 (+44.23) 64/20 4773 (+22.82) 134/22 34.41 (+10.61) 398/100 216.05 (+46.17) 0.86 42.93 3.86
119.02 (+13.73) 172/34 66.48 (+26.18) 38/15 28.15 (+12.15) 1,767/146 211.72 (+23.83) 0.97 37.75 343
149.48 (+18.03) 236/38 6240 (+18.53) 172/25 34.94 (+8.32) 2,165/179 252.47 (+24.82) 0.97 46.30 3.79

The effect of habitat characteristics on species richness of
fruit-feeding butterflies was rather marginal and probably related
to some other factors (Figure 1, Table 3). The only exception was
the relationship of canopy butterfly species richness to the forest
structure descriptors where the five most plausible models were se-
lected without the null model (Table 3). The positive effect of mean
tree height (MnTH) on species richness was included in all of them.
According to the individual plausible models, species richness of can-
opy butterflies was positively related to the number of living trees
(LTnb), living trees wood volume (LTWV), or mean DBH (MnDBH),
and negatively to dead trees wood volume (DTWV) (Figure 1).
Moreover, although the null model was selected among the most
plausible forest openness models for all butterflies, both its AIC and
AIC weight were substantially lower than of the best model (Table 3).
We thus considered the positive relationship of all butterfly species
richness to herb layer cover (E1) and shrub layer cover (E2), and neg-
ative relationships to mean total solar radiation (MnTT) as significant
(Figure 1).

All fruit-feeding moth species richness was substantially re-
lated to the forest openness and plant diversity descriptors (Table 3).
The forest openness models showed a positive relationship to herb
layer cover (E1) and the mean tree height (MnTH) (Figure 1). The
plant diversity models showed a negative relationship of all moths’
species richness to tree species richness (TSR), and a positive re-
lationship to herb species richness (HSR) (Figure 1). None of the
habitat characteristics groups had a substantial influence on spe-
cies richness of understory moths, however, the forest openness
and plant diversity descriptors showed substantial relationships
to species richness of canopy moths. For forest openness, the
analyses showed a positive relationship of canopy moth species
richness to mean total solar radiation (MnTT) included in all four
plausible models (Table 3), as well as to both herb cover (E1) and
shrub cover (E2) included in particular plausible models. Lastly,
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canopy moth species richness was related positively to herb spe-
cies richness (HSR), whereas negatively to tree species richness
(TSR) (Figure 1).

3.2 | Determinants of community composition

For both all butterfly and understory butterfly communities, for-
est openness showed significant conditional effects on community
composition and explained the highest proportions of variability
(Figure 2a,b). Its marginal effects were prevailingly equally shared
with both forest structure and plant diversity in the former community
(Figure 2a), with significant conditional effects. In contrast, for the
understory butterfly community, only the forest structure variables
shared variations with forest openness descriptors (Figure 2b), whilst
conditional effects of plant diversity and forest structure were mar-
ginally and highly significant, respectively.

However, for the composition of both all and understory moth
communities, the plant diversity descriptors significantly explained a
substantial part of the variation, through both conditional and mar-
ginal effects (Figure 2c,d). Both conditional effects of forest openness
and forest structure variables were marginally significant or insignifi-
cant, respectively, for both named moth communities.

Finally, whilst the forest structure variables significantly affected
community composition of butterflies in the canopy, none of the
habitat descriptors were important for the composition of canopy
moth communities (Table 4).

4 | DISCUSSION

Fruit-feeding butterflies and moths differed in response to their habi-
tats in the studied rainforests of Mount Cameroon, although all three
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FIGURE 1 Marginal effects of habitat descriptors on species richness of fruit-feeding butterflies and moths in three rainforests on Mount
Cameroon. Habitat descriptors are ordered by categories: forest structure descriptors: (a) mean tree height, (b) dead tree wood volume,

(c) live tree number, and (d) mean DBH; plant diversity descriptors: (€) herb species richness, and (f) tree species richness; forest openness
descriptors: (g) herb layer cover, (h) shrub layer cover, and (i) mean total solar radiation. Shaded areas indicate 95% confidence intervals. Only
habitat descriptors from the most plausible GLMMs are visualized. See Table 3 for the models results and Methods for their details

groups of habitat descriptors played a certain role in forming their
communities. Whilst both species richness and composition of butter-
fly communities were affected mainly by the openness of forest and,
only to a lesser extent, by the plant diversity and forest structure vari-
ables, moth communities were influenced mostly by plant diversity
(especially their composition), and only marginally by forest openness
and forest structure. Such results confirmed our predictions of differ-
ences between these two groups of Lepidoptera, based on particular
studies of butterflies (e.g., Nyafwono et al., 2014b; Spitzer et al., 1997;
Tropek & Konvicka, 2010) and moths (e.g., Axmacher et al., 2009;
Beck et al., 2002; Brehm et al., 2003; Rabl et al., 2019) from other
tropical regions, although such direct comparative study of the two
lepidopteran groups was missing from elsewhere.

The importance of forest openness for rainforest butterflies
was not surprising, because many adult tropical butterfly species
use sunny spots (i.e., forest gaps, canopy openings, or small light
spots under sparse canopy) for basking, nectaring, mating, and ovi-
position (Spitzer et al., 1997; Tropek & Konvicka, 2010; Uehara-
Prado et al., 2007; Vlasanek et al., 2013). Similar importance of
canopy openness for butterfly community composition has been
reported from the understory of the Afrotropical rainforests in
Uganda (Nyafwono et al., 2014b, 2015), though these studies re-
vealed also the crucial role of plant diversity for rainforest butter-
flies. Contrastingly, adult moths are generally not such strongly
dependent on solar radiation because of the nocturnal or crepus-
cular activity of most of their diversity (Ribeiro & Freitas, 2010).
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@ All butterflies ® Understory butterflies =~ FIGURE 2 Venndiagrams visualizing
the partition of explained variation (Ra
Forest Forest Forest Forest in %) in community composition of (a) all
structure _—openness  structure openness butterflies, (b) understory butterflies, (c)

all moths, and (d) understory moths in
three rainforests on Mount Cameroon.
U means the unexplained variation. Any
negative values of Ra? are interpreted
as zeros (Smilauer & Leps, 2014). The
significance values are represented as
***p <0.001, *p < 0.01, *p < 0.05

Plant Plant
diversity diversity
© All moths @ Understory moths
Forest Forest Forest Forest

structure openness  structur enness

Plant Plant
diversity diversity
TABLE 4 Results of partial CCAs
. " v 2
Communty Flnatmode] breudo:l P B showing the influence of the habitat
All butterflies ~ DTnb + LTBA +MxTDf + E2 + 39 0.001 27.2 descriptors on community composition
TSR + HSR of individual groups of fruit-feeding
Understory ~ DTnb + MxTH +MnCO +E2 + 48 0001 408 Lepidoptera in three rainforests on Mount
butterfiies HSR + TDCA3 Cameroon
Canopy butterflies ~ SSI 1.6 0.012 14
All moths ~ DTBA + TBA +MXxTDf + MxTDr 23 0.001 30.3
+HDCA2 + TSR
Understory moths ~ Tnb + MnDBH +MxTDF + MxLAI 27 0.001 383
+HDCA2 + TDCA1
Canopy moths No forward-selected variables = - =

Note: Final models were selected by step-by-step forward selection procedure and used for later
variation partitioning. Pseudo-F, p value and adjusted explained variation (Ra? in %) are reported
for individual models. See Table 1 for the habitat descriptors’ full names and definitions.

This could explain the relatively less importance of forest openness Although crucial for moth communities, plant diversity had a rela-
for community composition of moths, although it still showed sub- tively low effect on fruit-feeding butterflies’ community composition
stantial effect on moth species richness together with the plant and no effect on their species richness. This contradicts the results
diversity descriptors. of several other studies showing plant richness as the main driver
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for butterfly communities (e.g., Nyafwono et al., 2014b; Valtonen
et al, 2017). The direct dependence of butterfly communities on
the local plant communities is indisputable, as caterpillars depend on
their foodplants and are relatively highly host-specialized (Forister
etal.,, 2015; Novotny, Miller, et al., 2002). However, the relatively high
importance of habitat descriptors not directly related to plant diversity
for lepidopteran communities has been shown repeatedly in forests of
different tropical areas (Axmacher et al., 2009; DeVries & Walla, 2001;
Hill et al., 2001; Hilt & Fiedler, 2005; Nyafwono et al., 2015; Spitzer
etal, 1997), although the particular mechanisms were only speculated.

As opposed to fruit-feeding butterflies, the habitat associations of
tropical fruit-feeding moths have never yet been reported. However,
the crucial role of plant diversity in the increase of moth species rich-
ness shown by our data corroborates with some studies of light-at-
tracted communities of other feeding moth guilds. Generally, moth
diversity and species composition often closely depended on diversity
of plants in tropical forest communities (e.g., Axmacher et al., 2009;
Hilt & Fiedler, 2005; Peters et al., 2016). The increase of their species
richness with living tree wood volume can be explained by an increase
in available niche space or food resources with available leaf area.
Moreover, since a majority of moth species feed on woody plants, a
larger diversity of tree species is known to support more moth species
(e.g., Beck et al., 2002; Brehm et al., 2007), completely opposed to
our results. However, Axmacher et al. (2004) found a negative cor-
relation between diversity of Geometridae and dicotyledon plants on
Mount Kilimanjaro, although this was the only negative relationship
between moth and plant diversities ever reported from any tropical
forests to our knowledge. The authors explained it by the young age
and the geographical isolation of Mount Kilimanjaro's montane forests
(Axmacher etal.,2004). This hypothesis could, however, hardly explain
the similar relationship found in the forests in our study area at the
transition between the West African rainforests and the Congo basin.
Alternatively, fruit-feeding moth communities (as well as fruit-feeding
butterflies) depend directly on the availability of fleshy fruits rather
than overall tree diversity. Unfortunately, we have no data to test
this highly probable hypothesis. Although adult moths are generally
not so closely dependent on solar radiation (Ribeiro & Freitas, 2010),
temperature has been shown as a better predictor than tree diver-
sity or forest structure along an altitudinal gradient on Borneo (Beck
& Chey, 2008) and in South and Central America (Brehm et al., 2007;
Brehmet al., 2003).

For both butterflies and moths, we have shown vertically strat-
ified patterns, as the habitat associations of canopy communities
largely differed from understory communities. Such vertical stratifi-
cation of butterfly communities has been observed repeatedly (e.g.,
DeVries & Walla, 2001; Molleman et al., 2006; Nice et al., 2019).
Generally, the combined presence of high numbers of young leaves,
sap fluids, nectar and fruits, as well as high abundances of epiphytes
and lianas in the rainforest canopy, are likely to attract lepidopteran
communities different from species specialized for forest understory
(Novotny et al., 2003). In our study, this is particularly noticeable
for butterflies, whose canopy communities are influenced only by
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forest structure, especially by forest height, density, and the size of
living trees. Therefore, the increases in butterfly species richness re-
lated to taller, larger and more abundant living trees likely reflect an
increase in available microhabitats and resources. Simultaneously,
in generally, sunnier canopy the lower importance of forest open-
ness for day-active butterflies can also be expected. On the other
hand, we were not able to directly compare lepidopteran abundance
and species richness between canopy and understory because of
the unbalanced sampling effort. However, both values are known
to be generally lower in canopy when compared to understory
(DeVries et al., 1999; but see Schulze et al., 2001, for nectar-feeding
Lepidoptera).

In conclusion, habitat associations differed between communi-
ties of fruit-feeding butterflies and moths in lowland rainforests of
Mount Cameroon. The different ecology and habitat use by the two
groups related to their different day activity is likely to explain the
observed patterns. However, other factors not included in our study,
including potential differences in larval and adult food resources be-
tween butterflies and moths, could also play a role in the revealed
differing patterns. Although our results can hardly be generalized for
other geographic areas or for other feeding guilds of Lepidoptera,
they evidenced that even groups traditionally seen as ecologically
similar can highly differ in their reactions to environmental condi-
tions. Therefore, one must be very careful with any generalizations
based on taxonomically restricted results. Nevertheless, a direct ex-
planation of the differences would need experimental approaches,
which are still relatively rare in the research of tropical communi-
ties. Simultaneously, the studies of habitat associations will probably
benefit with implication of some promising new technologies, such
as Lidar (e.g., Wallis et al., 2017), in ecological research, resulting in
our better understanding of factors responsible for the composition
of local communities of insects in tropical forests.
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SUPPORTING INFORMATION

TABLE S1. Pearson correlation coefficients of the habitat descriptors for
(A) forest structure, (B) forest openness, (C) plant diversity, and (D)
habitat descriptors across the groups. The variable selected for the final
GLMMs are in bold (Pearson p <|0.7|). For details on particular variables,

see Table 1.
(A)
slr:g{::; Tnb LTnk DOTnb TBA LTEA DTBA SWVv LTWV DTWV MnDEH MxDEH MnTH MxTH

LTnb 0.99
DTnb 032 016
TBA 028 033 -023
LTBA 017 025 -035 0.9
DTBA 026 012 083 -015 0.3
SV -0.02 004 -032 088 050 0325
LTWV -0.04 00z -035 o088 091 029 1.00
DTWV 0.06 -007 072 021 033 081 016 -020
MnDBH -0.55 -050 -043 056 062 031 063 063 -0.21
hxDEBH -0.23 -018 03 069 072 032 082 083 -0.25 0.55
MnTH -0.35 031 033 032 036 016 081 059 0.13 0.53 0.41
MxTH -0.02 -002 001 O 037 003 084 0861 0.26 0.25 0.45 0.70
S5l -0.06 -004 012 009 008 001 037 035 027 -0.01 025 0.81 0.70

(B)

Forest | yoco  mxco  Ef E2  E1+E2 MlAl MxLAl MnTDr MxTDr MnTDP  MXTDf  MnTT
OpennNess

MxCO | 0.94

E1 0.56 0.54
E2 | -0.56 -0.55 -0.38
E1+E2 028 0.26 0.74 0.25
MnLAl | -0.58 -0.52 -0.58 0.55 -0.34
MxLAL | 067 0.57 -0.59 0.45 0.37 0.86
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MxTDf | 0.92 0.97 0.5% -0.51 0.34 -0.79 -0.57 0.59 0.87 0.95
MnTT | 0.85 0.87 0.57 -0.47 0.35 -0.80 -0.62 0.99 0.93 0.97 0.90
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TABLE S2. Details on the most plausible GLMMs (AAIC < 2)
explaining species richness of butterflies and moths. Models are ranked
according to their 2nd-order Akaike information criterion (AlCc).
Parameter estimates (coefficients), model weights (w;), and model total
R? are reported. For details on particular variables, see Table 1.
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FIGURE S1. Individual-based rarefaction curves of species richness of
fruit-feeding butterflies and moths in the particular sampling localities in
three rainforests of Mount Cameroon with 95% confidence intervals
(shaded areas). The solid lines represent the rarefied reference samples,
while the dashed lines represent the extrapolated samples.
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diversity of trees and insects in tropical
rainforests on Mount Cameroon
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Effects of disturbances by forest
elephants on diversity of trees
and insects in tropical rainforests
on Mount Cameroon

Vincent Maicher®%3>, Sylvain Delabye?, Mercy Murkwe*>, Jif{ DoleZal%%, Jan AltmanS,
Ishmeal N. Kobe?, Julie Desmist"’, Eric B. Fokam®*, Tomasz Pyrcz®° & Robert Tropek>""

Natural disturbances are essential for tropical forests biodiversity. In the Afrotropics, megaherbivores
haveplayed a key role before their recent decline.Contrastingly to savanna elephants, forest
elephants’ impact on ecosystems remains poorly studied. Few decades ago, forests on Mount
Cameroon were divided by lava flows, not being crossed by a local population of forest elephants
until now. We assessed communities of trees, butterflies and two guilds of moths in the disturbed and
undisturbed forests split by the longest lava flow. We surveyed 32 plots, recording 2025 trees of 97
species, and 7853 insects of 437 species.The disturbed forests differed in reduced tree density, height,
and high canopy cover, and in increased DBH. Forest elephants’ selective browsing and foraging also
decreased tree speciesrichness and altered their composition. The elephant disturbance increased
butterfly species richness and had various effects on species richness and composition of the insect
groups.These changes were likely caused by disturbance-driven alterations of habitats and species
composition of trees. Moreover, the abandonment of forests by elephants led to local declines of
range-restricted butterflies. The recent declines of forest elephants across the Afrotropics probably
caused similar changes in forest biodiversity and should be reflected by conservation actions.

Natural disturbances are key drivers of biodiversity in many terrestrial ecosystems', including tropical for-
ests despite their traditional view as highly stable ecosystems™. Natural disturbances such as tree falls, fires,
landslides, and insect herbivores outbreaks, generally open forest canopy, followed by temporary changes of
microclimate and availability of plant resources (e.g., light, water, and soil nutrients)*. The consequent changes
in plant communities cause cascade effects on higher trophic levels (herbivores, predators, parasites), expand-
ing the impact of disturbances on the entire ecosystem. Such increase of heterogeneity of habitats and species
communities substantially contribute to maintaining the overall biodiversity of tropical forest ecosystems™®.

Megaherbivores, i.e. 21000 kg herbivorous mammals, used to be among the main causes of such distur-
bances, before their abundances and diversity seriously dropped in all continents except Africa’. Among all
megaherbivores, savanna elephants are best known to alter their habitats®!°. Besides their important roles of
seed dispersers or nutrient cyclers®, they directly impact savanna ecosystems through disturbing vegetation,
especially by increasing tree mortality by browsing, trampling, and debarking'’. Such habitat alterations substan-
tially affect diversity of many organism groups'’, including insects. Savanna elephants were shown to positively
influence diversity of grasshoppers'? and dragonflies", whilst to have ambiguous effect on diversity of particular
butterfly families'*'*. Contrarily, too intensive disturbances caused by savanna elephants impact biodiversity
negatively'*!¢7, similarly to other disturbance types.

!Institute of Entomology, Biology Centre, Czech Academy of Sciences, Branisovska 31, 37005 Ceske Budejovice,
Czech Republic. 2Faculty of Science, University of South Bohemia, Branisovska 1760, 37005 Ceske Budejovice,
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Czech Republic. fInstitute of Botany, Czech Academy of Sciences, Dukelska 135, 37982 Trebon, Czech
Republic. University Paris-Saclay, 15 rue Georges Clemenceau, 91400 Orsay, France. ®lnstitute of Zoology and
Biomedical Research, Jagiellonian University, Gronostajowa 9, 30387 Krakow, Poland. ®Nature Education Centre
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Although expected already for a few decades'’, effects of forest elephants on biodiversity of Afrotropical for-
ests remain strongly understudied'"”. Despite being smaller (up to 5 tons, in comparison to 7 tons of savanna
elephants), forest elephants are expected to affect their habitats by similar mechanisms as their savanna rela-
tives, as recently reviewed by Poulsen et al.'*. They were shown to impact forest tree density and diversity in
both negative and positive ways'*-2'. Besides local opening of forest canopy, they inhibit forest regeneration and
maintain small-scaled canopy gaps****. However, the consequent cascade effects on forest biodiversity have not
been studied yet, although effects of elephant disturbances on other tropical forest organisms can be expected
as well**?. The only existing study of effects of megafauna, induding forest elephants, on the Afrotropical forest
invertebrates showed that in defaunated forests, termite abundances decreased by orders of magnitude, followed
by a significant decrease of invertebrate contribution to litter decomposition®. Such research is urgent especially
because of the current steep decline of forest elephants across the Afrotropics (>60% decrease of abundance
between 2002 and 2012%), and forest elephants are already extinct in numerous areas, including the protected
ones. In such situation, local policy makers and conservationists should be aware of any potential changes in
plant and animal communities to initiate more effective conservation planning.

In this study, we bring a direct comparison of a forest structure, and diversity and composition of tree and
insect communities in Afrotropical forests with and without forest elephants. Mount Cameroon provides an ideal
opportunity for such study by offering a unique ‘natural enclosure experiment. Forests on its southern slope were
split by a continuous lava flow after eruptions in 1982 (from ca 2600 m asl., i.e. above the natural timberline, to
ca 1400 m asl.) and 1999 (from ca 1550 m asl. to the seashore)**. Probably because of the slow natural succession
on this lava flow, local forest elephants do not cross this barrier and stay on its western side close to three crater
lakes, the only water sources during the dry seasons®. Such unusual conditions represent a long-term (at least
since the last eruption in 1999 in the lower elevations, and since the eruption in 1982 in the upper elevations)
enclosure experiment under natural conditions, performed on a much larger scale than any possible artificial
enclosure studies. In the disturbed and undisturbed sites, we surveyed forest structure and communities of
trees, butterflies, and two ecological guilds of moths. We hypothesized that forest elephants changed the forest
structure by opening its canopy, with the consequent changes in composition of all studied groups’ communi-
ties. We expected decrease of tree diversity by the direct damage by elephants, and related increase of insect
diversity caused by the higher habitat heterogeneity. Nevertheless, butterflies and moths differ in their habitat
use and requirements. Because butterflies mostly rely on a direct solar radiation for their thermoregulation and
other activities, their diversity have been shown to be mostly influenced by forest structure and canopy open-
ness in tropical forests?”. On the other hand, moths are relatively less dependent on their habitat structure due
to the nocturnal behaviour, and they are more affected by the plant community composition***. Therefore, the
ambiguous effect can be also hypothesized, as moths more closely depend on tree diversity™, whilst butterflies
rather benefit from canopy opening®. Finally, we focus on species’ distribution ranges in both types of forests,
with no a priori hypothesis on the direction of the changes.

Results
In total, 2025 trees were identified to 97 species and 7853 butterflies and moths were identified to 437 species in
all sampled forest plots (Supplementary Table S1).

Elephant disturbances and forest structure. The partial-RDA ordination analysis showed significant
differences in the forest structure descriptors between the disturbed and undisturbed forests (Fig. 1b). In total,
the two main ordination axes explained 18.5% of the adjusted variation (all axes eigenvalues: 0.83; Pseudo-
F=7.8; p=0.002). In the disturbed plots, tree species richness, mean SSI, mean height, maximum height, and
higher canopy coverage were lower. In contrast, mean DBH was larger in the disturbed forests (Fig. 1b).

Elephant disturbances and tree diversity. Elephant disturbances affected tree species richness per
sampled elevation, as well as per sampled plot. In both upland and montane forests, total tree species richness of
the disturbed sites was nearly half in comparison to the undisturbed sites (Fig. 2a; Supplementary Table S1). Tree
species richness per plot was significantly affected by disturbance (higher at undisturbed forest plots) and eleva-
tion (higher at the upland forests) (Fig. 2b; Table 1). The responses of individual tree families were significantly
affected by disturbance and elevation (Pseudo-F: 12.3, p-value: <0.001, adjusted explained variation: 52.3%;
Supplementary Table S2). All tree families but Euphorbiaceae showed higher species richness at undisturbed
forests; all families but Rubiaceae had higher species richness in upland forests (Supplementary Fig. S1a).

Tree communities significantly differed in composition between the forests disturbed and undisturbed by
elephants according to the partial-CCA (all-axes eigenvalues: 4.55; Pseudo-F=3.8; p<0.001). The first NMDS
axis reflected elevation, whilst the tree communities of the disturbed and undisturbed forests were relatively well-
separated along the second axis (Fig. 2c). The ordination diagram also showed relatively higher dissimilarities of
tree communities between the disturbed and undisturbed plots at the upland than at the montane forests (Fig. 2c).

Elephant disturbances and insect diversity. The responses of individual insect groups’ total species
richness per sampling site to elephant disturbances were rather inconsistent among the studied elevations and
seasons. Butterflies and fruit-feeding moths showed lower total species richness in the disturbed forests at both
elevations during the transition from wet to dry seasons, which became higher or comparable to the undis-
turbed forests during the transition from dry to wet seasons (Fig. 3a,b; Supplementary Table S1). Light-attracted
moths were species-richer in the disturbed upland forest than in the undisturbed upland forest during both
sampled seasons but species-poorer in the montane forest during both sampled seasons (Fig. 3¢; Supplementary
Table S1).
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Figure 1. (a) Map of Mount Cameroon with the main lava flows, sampled forests and water resources. The
background map was created in QGIS v. 3.10.0 ‘A Coruna (https://qgis.org) and Corel Draw X7 (https://www.
coreldraw.com). The pictures of disturbed and undisturbed forests were taken at the studied montane sites. (b)
Redundancy analysis diagram visualizing effects of disturbances by elephants on forest structure.

The effects of elephant disturbances on insect species richness per plot also differed among the studied insect
groups. The interactions disturbance x season and disturbance x elevation were significant for all insect groups
(Table 1), indicating complex effects of elephant disturbances on insect species richness. GEEs showed a signifi-
cant positive effect of elephant disturbances on species richness of butterflies and light-attracted moths (Fig. 3d.f;
Table 1). No significant effect of elephant disturbances was detected for fruit-feeding moths (Table 1). Both but-
terflies and fruit-feeding moths were significantly species richer at the lower altitudes, whilst no significant effect
of elevation on light-attracted moths was revealed (Fig. 3d-f; Table 1). Insignificant effects of season were shown
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Figure 2. Differences in tree species richness, community composition, and mean distribution range between
forests disturbed and undisturbed by elephants. Tree species richness per (a) forest site, and (b) per sampling
plot estimated by GEE (estimated means with 95% unconditional confidence intervals). The letters visualize
results of the post-hoc pairwise comparisons. (¢) NMDS diagrams of the tree community compositions at the
sampled forest plots. (d) Mean distribution range of trees per sampling plot estimated by GEE.

14 023

21.9 <0.001**

Disturbance 1 1
Trees Elevation 1 51.9 <0.001™* |1 [0 0.86
Disturbance x Elevation | 1 L3 025 1|39 0.05*
Disturbance 1 4.7 0031 1 |95 0.002**
Season 1 0 0.964 1 |676 <0.001***
Butterflies Elevation 1 10.2 0001 |1 |25 0.115
Disturbance x Season 1 74 0.007* (1 |02 0.654
Disturbance x Elevation | 1 45.1 <0001™* |1 |73 0.007**
Disturbance 1 3.3 0.069 - |- -
Season 1 32 0.072 - |- -
Fruit-feeding moths Elevation 1 27.3 <0001 [ - |- -
Disturbance x Season 1 149.7 <0001 | - |~ =
Disturbance x Elevation | 1 7.2 0.007** (- |- =
Disturbance 1 6.2 0.012* 1 |51 0.024*
Season 1 25 0.112 1 |08 0372
Light-attracted moths | Elevation 1 24 0.123 1 |69 0.009**
Disturbance x Season 1 8.9 0.003** |1 |05 0462
Disturbance xElevation | 1 67.0 <0001 (1 |124 <0.001**

Table 1. Results of the GEE models analyzing effects of disturbance, season and elevation on species richness
and mean distribution range of trees and insects in forests disturbed and undisturbed by elephants on Mount
Cameroon. * *p<0.05; **p <0.01; ***p<0.001.

for all studied insect groups (Table 1). For butterflies and light-attracted moths, the pairwise post-hoc compari-
sons of disturbed and undisturbed forests showed that species richness was significantly higher in the disturbed
upland forests for both groups, and significantly lower or not significantly different (depending on the sampled
season) in the montane forests (Fig. 3d,f). In contrast, fruit-feeding moth species richness was significantly
lower in the disturbed forests at both elevations during the transition from wet to dry season, but significantly
richer during the transition from dry to wet season (Fig. 3e). The analyses of individual family species richness
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Figure 3. Species richness of insects per sampling site and season (a-c), and sampling plots and day or night
(d—f) as estimated by GEEs (estimated means with 95% unconditional confidence intervals are visualized). (g-i)
NMDS diagrams of insect community compositions at the sampled forest plots. (jk) Mean distribution range of
insects estimated by GEESs. Letters visualize results of the post-hoc pairwise comparisons.

showed significant effects of the disturbance x season interaction for butterflies and light-attracted moths (but-
terflies: Pseudo-F: 12.8, p-value: <0.001, adjusted explained variation: 36.4%; light-attracted moths: Pseudo-F:
15.8, p-value: <0.001, adjusted explained variation: 49.1%; Supplementary Table $2). Whilst for butterflies, all
families showed consistently higher species richness at disturbed upland forests, most of the analysed families of
light-attracted moths had the highest species richness at undisturbed montane forest (Supplementary Fig. S1b,c).
The only exceptions were Notodontidae with higher species richness at disturbed upland forest, and Lymantriinae
with no apparent trend (Supplementary Fig. Sic).
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Elephant disturbances significantly affected species composition of all focal insect groups in partial CCAs
(butterflies: all-axes eigenvalue: 2.75; Pseudo-F: 4.6; p-value: <0.001; fruit-feeding moths: all-axes eigenvalue:
5.27; Pseudo-F: 3.2; p-value: <0.001; light-attracted moths: all-axes eigenvalue: 2.96; Pseudo-F: 4.5; p-value:
<0.001). For butterflies and fruit-feeding moths, the first NMDS axes can be related to elevation, in contrast
to light-attracted moths where elevation can be related to the second NMDS axis (Fig. 3g-i). All groups were
well-clustered according to the disturbance type at both elevations. The effect of disturbance was interacting
with season and elevation for all groups (Fig. 3g-i). Amongall insect groups, light-attracted moths species com-
position responded to elephant disturbances very similarly to trees, with well-separated upland disturbed and
undisturbed forest types and comparatively less heterogenous montane forest samples (Figs. 2c, 3i).

Elephant disturbances and species’ distributionrange. Elephant disturbances and elevation showed
marginally significant effects of their interaction on distribution range of tree species, although no significant
separate effect was detected for them (Table 1). In the undisturbed forests, the mean tree species’ distribution
range was positively associated with increasing elevation, while negatively associated with increasing elevation in
the disturbed forests. However, the pairwise post-hoc comparisons were insignificant (Fig. 2d).

Patterns of distribution range differed between the two analysed insect groups. Butterfly species” distribution
range was significantly lower at high elevation and in the disturbed forests (Fig. 3j). Similarly, moths” mean dis-
tribution range was significantly affected by elephant disturbances and seasons (Table 1). Nevertheless, pairwise
post-hoc comparisons showed that light-attracted moths in the undisturbed upland forest had a significantly
lower distribution range than in all other studied forests, which did not significantly differ from each other
(Fig. 3k).

Discussion

Our study has shown a strong effect of forest elephants on tropical forest biodiversity. Concordant to our first
hypothesis, their long-term absence at the studied forests changed the forest structure. It has led to an increase
of forest height, closure of its canopy, and dominance of smaller over large trees. This observed shift in forest
structure can be interpreted by a combination of direct and indirect effects driven by forest elephants. Because
of their high appetite and large body size, forest elephants surely eliminate some trees”. They directly consume
high amount of tree biomass, as well as their fruits and seeds™**. When struggling through forest, elephants
break stems and sometimes even uproot trees, while their repeated trampling denude the forest floor and destroy
fallen seeds and saplings**. Moreover, the direct damages are likely to increase tree susceptibility to pathogens or
decomposers, as shown in the previous study of termites®. Although the number of dead trees seemed to poorly
characterize the disturbed forests (potentially because of the significantly higher decomposition in elephant-
disturbed forests™®), the higher tree density in the undisturbed plots supports this hypothesis. Thus, the presence
of a few large trees in the plots disturbed by forest elephants can be explained by only a small portion of trees
escaping the browsing pressure?.

Together with altering the forest structure, forest elephants decreased tree species richness and change tree
community composition, confirming our second hypothesis. Although forest elephants are generalized herbi-
vores, they prefer particular tree and other plant species™. Thereby, their selective browsing of palatable species
affects tree mortality and recruitment, which can explain the observed differences in tree communities between
the disturbed and undisturbed forests. Finally, similarly as in savanna, we can reasonably expect different resist-
ance of tree species to repeated disturbances by forest elephants, or differences in their ability to recover from
damages™. The revealed higher species richness of Euphorbiaceae trees to the disturbed forest could indicate
some resistance to elephant disturbances. Unfortunately, the knowledge of African forest elephants’ browsing
preferences and/or Afrotropical trees’ resistance to disturbances are not enough to decide which effect prevails
in the alterations of forest structure by elephants.

The presence of forest elephants impacted all studied herbivorous insect communities as well, although dif-
ferently for particular insect groups. These can be related to the changes in composition of tree communities and
in habitat structure in the disturbed forests. The upland forests disturbed by elephants harboured more species
of butterflies and light-attracted moths. This effect was consistent for all butterfly families, although only for
notodontid moths. However, all other effects of disturbances differed according the studied elevation and season,
as well as among the insect groups. Many tropical butterflies rely on forests gaps and solar radiation for their
thermoregulation™ and oviposition on larval food-plants (mostly herbs”), therefore their diversity decrease after
the upland forest elephant’s enclosure cannot be surprising. By opening of forest canopy, forest elephants could
support quantity and heterogeneity of resources available for butterflies. However, such hypothesis can hardly
explain the detected decrease of light-attracted (night flying) moth diversity in the undisturbed upland forests. In
fact, diversity of moths has been repeatedly shown to increase with diversity of trees, as the most common food
plants for their caterpillars®*. Therefore, the opposite effect of disturbance by forest elephants can be expected,
this was confirmed at least for most light-attracted moth families in the montane forests. Unfortunately, we do
not have any other explanation of the positive effect of forest disturbances in the sampled upland forests. Con-
trastingly, fruit-feeding moths are relatively independent to forest structure®. They can follow the spatiotemporal
changes of ripe fruits (adult food) or young sprouts (larval food) more tightly than fruit-feeding butterflies, which
could partly explain their seasonally inconsistent reaction to the elephant disturbances. Unfortunately, no data
to confirm or reject such hypothesis exist.

In the montane forests, we found no consistent changes of the insects’ diversity, as it strongly varied with
season and studied insect group. Moreover, the communities of all insect groups were highly homogeneous in
both forest types in this high elevation. The montane forests on Mount Cameroon are already relatively open and
with limited tree diversity*® that additional disturbances by elephants could hardly increase habitat heterogeneity
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even for butterflies. Moreover, some tree dominants in the montane forests, such as Schefflera abyssinica and
S. mannii, are (semi)deciduous during the dry season which generally open the higher canopy even in the
undisturbed forests. Simultaneously, these dominants get typically recruited as epiphytes, later strangling their
hosts*!. Therefore, they may more efficiently escape from any elephant effects. We hypothesize that these effects
together result in more similarity between the disturbed and undisturbed forests at higher elevations. Last but
not least, we have recently revealed a strong seasonal shift in elevational ranges of both butterflies and moths*%
the seasonal discrepancies in the effect of disturbance could be related to it. Unfortunately, we do not have any
detailed data on this phenomenon from the undisturbed forest plots.

Recently, Poulsen et al."® discussed the fate of Afrotropical forests in the future world without forest elephants.
The authors hypothesized that their loss would increase understory stem density and change tree species com-
position. We concur with Poulsen’s hypotheses from our data study. Moreover, we have shown that the change of
forest structure and composition can have strong cascading effects on other trophic levels, at least in the upland
forests. Hawthorne and Parren? demonstrated that the disappearance of forest elephants from several Ghana-
ian forests did not have any remarkable effect on plant populations at the country level. However, our study has
shown that the local consequences of forest elephants’ disappearance can be highly significant for trees, as well
as for higher trophic levels.

Natural disturbances are important ecological processes increasing habitat heterogeneity**. Interestingly,
our results showed that some groups of trees and insects may respond positively to the natural disturbances by
forest elephants, whilst some others respond negatively. Because many tropical species have highly specific habitat
needs®?**!, homogeneous non-disturbed ecosystems could be impoverished for such open-habitat specialists,
whilst the too disturbed ecosystems would lack the close-canopy forest species. Therefore, only the dynamically
disturbed ecosystems could harbour the ‘complete’ local biodiversity. Although more comparative studies are
required, forest elephant extinction would accelerate the vegetation succession, enclose the forest canopy, and
generally impoverish the habitat heterogeneity in Afrotropical forests. These would be unavoidably followed by
changes in tropical forest communities and by declines of range-restricted species that profit from disturbances,
as we have shown for some of the herbivorous insects in the upland forests.

In conclusion, our study showed that African forest elephants contribute for maintaining the tropical for-
est heterogeneity and tree diversity. The elephant-related habitat heterogeneity increased the heterogeneity of
available niches and sustain diverse communities of Afrotropical insects. Despite the lack of any data, we can
speculate on consequences for biodiversity at other trophic levels. Nevertheless, we have confirmed the Afri-
can forest elephant as a key-stone species in the Afrotropical forest ecosystems. Altogether, the maintenance
of forest elephant populations in Afrotropical forests appears to be necessary to prevent biodiversity dedlines.
Unfortunately, the decline of forest elephant populations in West and Central African tropical forests is alarm-
ing, and most probably have already been followed by other species extinctions. It is even highly probable that
such processes are already ongoing, although unrecorded in one of the least studied biogeographic areas in the
world. Therefore, we urge for more efficient conservation of the remaining populations of forest elephants. Their
effects on the entire tropical forest ecosystems must be recognized and incorporated into the management plans
of Afrotropical protected areas.

Methods

Study area. Mount Cameroon (South-Western Province, Cameroon) is the highest mountain in West/
Central Africa. This active volcano rises from the Gulf of Guinea seashore up to 4095 m asl. Its southwestern
slope represents the only complete altitudinal gradient of primary forests from lowland up to the timberline
(~2200 m asl.) in the Afrotropics. Belonging to the biodiversity hotspot, Mount Cameroon harbour numerous
endemics**~*. With> 12,000 mm of yearly precipitation, foothills of Mount Cameroon belong among the glob-
ally wettest places*?. Most precipitation occur during the wet season (June-September;>2000 mm monthly),
whilst the dry season (late December-February) usually lacks any strong rains*. Since 2009, most of its forests
have become protected by the Mount Cameroon National Park.

Volcanism is the strongest natural disturbance on Mount Cameroon with the frequency of eruptions every
ten to thirty years. Remarkably, on the studied southwestern slope, two eruptions in 1982 and 1999 created a
continuous strip of bare lava rocks (in this study referred as ‘the lava flow’) interrupting the forests on the south-
western slope from above the timberline down to the seashore (Fig. 1a).

A small population of forest elephants (Loxodonta cyclotis) strongly affects forests above ca. 800 m asl. on the
southwestern slope?®+*, It is highly isolated from the nearest populations of the Korup NP and the Banyang-Mbo
Wildlife Sanctuary, as well as from much larger metapopulations in the Congo Basin*®. It has been estimated to
~130 individuals with a patchy local distribution®. On the southwestern slope, they concentrate around three
crater lakes representing the only available water sources during the high dry season, although their local eleva-
tional range covers the gradient from lowlands to montane grasslands just above the timberline*. They rarely
(if ever) cross the old lava flows, representing natural obstacles dividing forests of the southwestern slope to two
blocks with different dynamics. As a result, forests on the western side of the longest lava flow have an open
structure, with numerous extensive clearings and ‘elephant pastures; whereas eastern forests are characteristic by
undisturbed dense canopy (Fig. 1). To our knowledge, the two forest blocks are not influenced by any extensive
human activities, nor differ in any significant environmental conditions**". Hereafter, we refer the forests west
and east from the lava flow as disturbed and undisturbed, respectively. Effects of forest elephant disturbances on
communities of trees and insects were investigated at four localities, two in an upland forest (1100 masl.), and
two in a montane forest (1850 m asl.).
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Tree diversity and forest structure. At each of four sampling sites, eight circular plots (20 m radius,
~150 m from each other) were established in high canopy forests (although sparse in the undisturbed sites),
any larger clearings were avoided. In the disturbed forest sites, the plots were previously used for a study of
elevational diversity patterns*®*2. In the undisturbed forest sites, plots were established specifically for this study.

To assess the tree diversity in both disturbed and undisturbed forest plots, all living and dead trees with
diameter at breast height (DBH, 1.3 m) = 10 cm were identified to (morpho)species (see*” for details). To study
impact of elephant disturbances on forest structure, each plot was characterized by twelve descriptors. Besides
tree species richness, living and dead trees with DBH > 10 cm were counted. Consequently, DBH and basal area
of each tree were measured and averaged per plot (mean DBH and mean basal area). Height of each tree was
estimated and averaged per plot (mean height), together with the tallest tree height (maximum height) per plot.
From these measurements, two additional indices were computed for each tree: stem slenderness index (SSI)
was calculated as a ratio between tree height and DBH, and tree volume was estimated from the tree height and
basal area*’. Both measurements were then averaged per plot (mean SSIand mean tree volume). Finally, following
Grote™, proxies of shrub, lower canopy, and higher canopy coverages per plot were estimated by summing the
DBH of three tree height categories: 0-8 m (shrubs), 8-16 m (lower canopy), >16 m (higher canopy).

Insect sampling. Butterflies and moths (Lepidoptera) were selected as the focal insect groups because they
belong into one of the species richest insect orders, with relatively well-known ecology and taxonomy, and with
well-standardized quantitative sampling methods. Moreover, they strongly differ in their habitat use®. In con-
clusion, butterflies” and moths™ are often used as efficient bioindicators of changes in tropical forest ecosys-
tems, especially useful if both groups are combined in a single study. Within each sampling plot, fruit-feeding
lepidopterans were sampled by five bait traps (four in understory and one in canopy per sampling, i.e. 40 traps
per sampling site, and 160 traps in total) baited by fermented bananas (see Maicher et al.** for details). All
fruit-feeding butterflies and moths (hereinafter referred as butterflies and fruit-feeding moths) were killed (this
is necessary to avoid repetitive counting of the same individuals**) daily for ten consecutive days and identified
to (morpho)species.

Additionally, moths were attracted by light at three ‘mothing plots’ per sampling site, established out of the
sampling plots described above. These plots were selected to characterize the local heterogeneity of forest habi-
tats and separated by a few hundred meters from each other. To keep the necessary standardisation, all mothing
plots at both types of forest were established in semi-open patches, avoiding both dense forest and larger open-
ings. Moths were attracted by a single light (see Maicher et al.” for details) during each of six complete nights
per elevation (i.e., two nights per plot). Six target moth groups (Lymantriinae, Notodontidae, Lasiocampidae,
Sphingidae, Saturniidae, and Eupterotidae; hereafter referred as light-attracted moths) were collected manually,
killed, and later identified into (morpho)species. The three lepidopteran datasets (butterflies, and fruit-feeding
and light-attracted moths) were extracted from Maicher etal.* for the disturbed forest plots, whilst the described
sampling was performed in the undisturbed forest plots specifically for this study. Voucher specimens were
deposited in the Nature Education Centre, Jagiellonian University, Krakow, Poland.

To partially cover the seasonality™, the insect sampling was repeated during transition from wet to dry season
(November/December), and transition from dry to wet season (April/May) in all disturbed and undisturbed
forest plots.

Diversity analyses. To check sampling completeness of all focal groups, the sampling coverages were com-
puted to evaluate our data quality using the iNEXT package® in R 3.5.1°¢. For all focal groups in all seasons and
at all elevations, the sampling coverages were always =0.84 (mostly even 20.90), indicating a sufficient coverage
of the sal7npled communities (Supplementary Table S1). Therefore, observed species richness was used in all
analyses™.

gffects of disturbance on species richness were analysed separately for each focal group by Generalized
Estimated Equations (GEE) using the geepack package®. For trees, species richness from individual plots were
used as a ‘sample’ with an independent covariance structure, with disturbance, elevation, and their interaction
treated as explanatory variables. For lepidopterans, because of the temporal pseudo-replicative sampling design,
species richness from a sampling day (butterflies and fruit-feeding moths) or night (light-attracted moths) at
individual plot was used as a ‘sample’ with the first-order autoregressive relationship AR(I) covariance structure
(i.e. repeated measurements design). Disturbance, season, elevation, disturbance x season, and disturbance x eleva-
tion were treated as explanatory variables. All models were conducted with Poisson distribution and log-link
function. Pairwise post-hoc comparisons of the estimated marginal means were compared by Wald 2 tests.
Additionally, species richness of individual families of trees, butterflies, and light-attracted moths were analysed
by Redundancy Analyses (RDA), a multivariate analogue of regression, based on the length of gradients in the
data®. All families with> 5 species were included in three RDA models, separately for the studied groups (the
subfamily name Lymantriinae is used, because they are the only group of the hyperdiverse Erebidae family of the
light-attracted moths). Fruit-feeding moth families were not analyzed because 83% of their specimens belonged
to Erebidae and all other families were therefore minor in the sampled data. Species richness of individual
families per plot were used as response variables, whilst interaction of disturbance and elevation were applied as
factorial explanatory variable (for butterflies and light-attracted moths, the temporal variation was treated by
adding season as a covariate).

Differences in composition of communities between the disturbed and undisturbed forests were analysed
by multivariate ordination methods®’, separately for each focal group. Firstly, the main patterns in species com-
position of individual plots were visualized by Non-Metric Multidimensional Scaling (NMDS) in Primer-E
v6°’. NMDSs were generated using Bray-Curtis similarity, computed from square-root transformed species
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abundances per plot. Subsequently, influence of disturbance on community composition of each focal group
was tested by constrained partial Canonical Correspondence Analyses (CCA) with log-transformed species’
abundances as response variables and elevation as covariate™. Significance of all partial CCAs were tested by
Monte Carlo permutation tests with 9999 permutations.

Finally, differences in the forest structure descriptors between the disturbed and undisturbed forests were
analysed by partial Redundancy Analysis (RDA). Prior to the analysis, preliminary checking of the multicol-
linearity table among the structure descriptors was investigated. Only forest structure descriptors with pairwise
collinearity <0.80, i.e. tree species richness, number of dead trees, mean DBH, mean height, maximum height,
mean SSI, and higher canopy coverage, were included in these analyses. Their log-transformed values were used
as response variables™. RDA was then run with disturbance as explanatory variable and elevation as covariate, and
tested by Monte Carlo permutation test (9999 permutations). All CCAs and RDAs were performed in Canoco 5°'.

Species distribution range. To analyse if the elephant disturbance supports rather range-restricted spe-
cies or widely distributed generalists, we used numbers of Afrotropical countries with known records of each
tree and lepidopteran species as a proxy for their distribution range; we are not aware of any more precise
existing dataset covering all studied groups for the generally understudied Afrotropics. Because of the limited
knowledge on Afrotropical Lepidoptera, we ranked only butterflies and light-attracted Sphingidae and Saturnii-
dae moths (the latter two analysed together and referred as light-attracted moths). This distribution data were
excerpted from the RAINBIO database for trees®?, Williams® for butterflies, and Afromoths.net for moths®; all
considered as the most comprehensive databases. Two non-native trees (Persea americana and Cecropia peltata)
and three tree species not included in the RAINBIO database and all morphospecies were excluded from these
analyses. In total, 73 species of trees and 71 species of insects (50 butterflies and 21 moths) were included in the
distribution range analyses.

To consider the relative abundances of individual species in the communities, the distribution range of each
species was multiplied by the number of collected individuals per sample and their sums were divided by the total
number of individuals recorded at each sample. These mean distribution ranges per sample were then compared
between disturbed and undisturbed forest sites by GEE analyses (with normal distribution; independent covari-
ance structure) following the same model design as for the above-described comparisons of species richness.

Data availability
Data available via the Zenodo repository (https://doi.org/10.5281/zenodo.4300119).

Received: 31 August 2020; Accepted: 24 November 2020
Published online: 10 December 2020

References
1. Connell,]. H. Diversity in tropical rainforestand coral reefs. Science 199, 1302-1310. https://doi.org/10.1126/science.199.4335.1302
(1978).

. Chazdon, R. L. Tropical forest recovery: legacies of human impact and natural disturbances. Perspect. Plant Ecol. 6, 51-71. https
//doi.org/ 10.1078/1433-8319-00042 (2003).

. Burslem, D. F. R. P. & Whitmore, T. C. Species diversity, susceptibility to disturbance and tree population dynamics in tropical

rain forest. J. Veg. Sci. 10, 767-776. https://doi.org/10.2307/3237301 (2006).

Schnitzer, S. A., Mascaro, J. & Carson, W. P. Treefall gaps and the maintenance of plant species diversity in tropical forests, chap-

ter 12. In Tropical forest community ecology (eds Carson, W. & Schnitzer, S.) 196-209 (Wiley-Blackwell Publishing, New York,

1991).

Huston, M. A general hypothesis of species diversity. Am. Nat. 113, 81-101. https://doi.org/10.1086/283366 (1979).

. Tropek, R. & Konvicka, M. Forest Eternal? Endemic butterflies of the Bamenda Highlands, Cameroon, avoid close-canopy forest.
Afr. ]. Ecol. 48, 428-437. https://doi.org/10.1111/j.1365-2028.2009.01129.x (2010).

. Owen-Smith, R. N. Megaherbivores: the influence of very large body size on ecology (Cambridge University Press, Cambridge, 1988).

Dirzo, R. et al. Defaunation in the Anthropocene. Science 345, 401-406. https://doi.org/10.1126/science. 1251817 (2014).

Galetti, M. et al. Ecological and evolutionary legacy of megafauna extinctions. Biol. Rev. 93, 845-862. https://doi.org/10.1111/

brv.12374 (2018).

. Guldemond, R. A, Purdon, A. & Van Aarde, R. J. A systematic review of elephant impact across Africa. PLoS ONE https://doi.
org/10.1371/journal.pone.0178935 (2017).

. McCleery, R. et al. Animal diversity declines with broad-scale homogenization of canopy cover in African savannas. Biol. Conserv.
226, 54-62. https://doi.org/10.1016/j.biocon.2018.07.020 (2018).

12. S ys, M. J. & Kreuzinger, K. Vi ion, ungulate and grasshopper interactions inside vs. outside an African savanna game
park. Biodivers. Conserv. 10, 1963-1981. https://doi.org/10.1023/A:1013199621649 (2001).

. Samways, M. J. & Grant, P. B. C. Elephant impact on dragonflies. J. Insect Conserv. 12,493-498. https://doi.org/10.1007/s1084
1-007-9089-2 (2008).

. Bonnington, C., Weaver, D. & Fanning, E. Some preliminary observations on the possible effect of elephant (Loxodonta afri-
cana) disturbance on butterfly assemblages of Kilombero Valley, Tanzania. Afr. J. Ecol. 46, 113-116. https://doi.org/10.111
1/j.1365-2028.2007.00795.x (2008).

. Wilkerson, M. L., Roche, L. M. & Young, T. P. Indirect effects of domestic and wild herbivores on butterflies in an African savanna.
Ecol. Evol. 3, 3672-3682. https://doi.org/10.1002/ece3.744 (2013).

16. O'Connor, T. G., Goodman, P. S. & Clegg, B. A functional hypothesis of the threat of local extirpation of woody plant species by
elephant in Africa. Biol. Conserv. 136, 329-345. https://doi.org/10.1016/j.biocon.2006.12.014 (2007).

. OConnor, T. G. & Page, B. R. Simplification of the composition, diversity and structure of woody vegetation in a semi-arid
African savanna reserve following the re-introduction of elephants. Biol. Conserv. 180, 122-133. https://doi.org/10.1016/j.bioco
n.2014.09.036 (2014).

18. Alexandre, D.-Y. Le role disséminateur des éléphants en forét de Tai, Cote-d'Ivoire. Terre Vie. 32, 47-72. http://hdl.handl
e.net/2042/58320 (1978)

. Poulsen, J. R. et al. Ecological consequences of forest elephant declines for Afrotropical forests. Conserv. Biol. 32, 559-567. https
://doi.org/10.1111/cobi.13035 (2018).

w N

L

S wwN oW

)

=

@

S

i)

ScientificReports|

(2020) 10:21618 | https://doi.org/10.1038/s41598-020-78659-7 natureresearch

54



www.nature.com/scientificreports/

20.

21.

23.

)

2

=

25.

@

26.

x

2

=S

28.
29.

31.

32.

=

33.

&%

34.

35.

o

38.

&

39.

<

40.

41.

43.

b

44,

-
byl

47.

5

48.

49.

°

50.

51.

5.

53.

54.

55.

56.

57.

5

59.

(4

L

Campos-Arceiz, A. & Blake, S. Megagardeners of the forest - the role of elephants in seed dispersal. Acta Oecol. 37, 542-553. https
://doi.org/10.1016/j.acta0.2011.01.014 (2011).

Hawthorne, W. D. & Parren, M. P. E. How important are forest elephants to the survival of woody plant species in upper Guinean
forests?. J. Trop. Ecol. 16, 133-150. https://doi.org/10.1017/S0266467400001310 (2000).

. Omeja, P. A. et al. Changes in elephant abundance affect forest composition or regeneration?. Biotropica 46,704-711. https://doi.

org/10.1111/btp.12154 (2014).
Terborgh, J. et al. Megafaunal influences on tree recruitment in African eq ial forests. Ecography 39, 180-186. https://doi
org/10.1111/ecog.01641 (2016).

. Nyafwono, M., Valtonen, A., Nyeko, P. & Roini H. Fruit-feeding butterfly ities as indicators of forest restoration in

an Afro-tropical rainforest. Biol. Conserv. 174, 75-83. https://doi.org/10.1016/j.biocon.2014.03.022 (2014).

Alroy, J. Effects of habitat disturbance on tropical forest biodiversity. Proc. Natl. Acad. Sci. 114,6056-6061. https://doi.org/10.1073/
pnas.1611855114 (2017).

Lamperty, T, Zhu, K., Poulsen, J. R. & Dunham, A. E. D ion of large s alters und y vegetation and functional
importance of invertebrates in an Afrotropical forest. Biol. Conserv. 241, 108329. https://doi.org/10.1016/j.biocon.2019.108329
(2020).

. Maisels, E et al. Devastating decline of forest elephants in Central Africa. PLoS ONE 8, €59469. https://doi.org/10.1371/journ

al.pone.0059469 (2013).

MINFOF. The management plan of the Mount Cameroon National Park and its peripheral zone. Action plan (2014).

Delabye, S. et al. Butterfly and moth communities differ in their response to habitat structure in rainforests of Mount Cameroon.
Biotropica. https://doi.org/10.1111/btp. 12900 (in press).

. Daily, G. C. & Ehrlich, P. R. Nocturnality and species survival. Proc. Natl. Acad. Sci. 93, 11709-11712. https://doi.org/10.1073/

pnas.93.21.11709 (1996).

Beck, J., Schulze, C. H., Linsenmair, K. E. & Fiedler, K. From forest to farmland: diversity of geometrid moths along two habitat
gradients on Borneo. . Trop. Ecol. 17, 33-51. https://doi.org/10.1017/5026646740200202X (2002).

Nyafwono, M, Valtonen, A., Nyeko, P, Owiny, A. A. &R H. Tree and ion structure predict
butterfly community recovery in a restored Afrotropical rain forest. Biodivers. Conserv. 24 1473 1485. htlps //doi.org/10.1007/
$10531-015-0870-3 (2015).

Kalbitzer, U., McInnis, V., Omeja, P. A., Bortolamiol, S. & Chapman, C. A. Does the presence of elephant dung create hotspots of
growth for existing seedlings?. J. Trop. Ecol. 35, 132-139. https://doi.org/10.1017/S0266467419000051 (2019).

Blake, S. The Ecology of Forest Elephant Distribution and its Implications for Conservation. PhD dissertation. ICAPB, Edinburgh,
University of Edinburgh (2002).

Owen-Smith, N, Page, B,, Teren, G. & Druce, D. J. Megabrowser impacts on woody vegetation in savannas. In Savanna woody
pl***ants and large herbivores (eds Scogings, P. F. & Sankaran, M.) (Wiley, New York, 2019). https://doi.org/10.1002/9781119081
111.ch17.

Clench, H. K. Behavioral thermoregulation in butterflies. Ecology 47, 1021-1034. https://doi.org/10.2307/1935649 (1966).

. Hill, ], Hamer, K., Tangah, J. & Dawood, M. Ecology of tropical butterflies in rainforest gaps. Oecologia 128, 294-302. https://doi.

org/10.1007/s004420100651 (2001).

Janzen, D. H. Ecological characterization of a Costa Rican dry forest caterpillar fauna. Biotropica 20, 120-135. https://doi.
org/10.2307/2388184 (1988).

Tews, ]. et al. Animal species diversity driven by habitat heterogeneity/diversity: the importance of keystone structures. /. Biogeogr.
31,79-92. https://doi.org/10.1046/j.0305-0270.2003.00994.x (2004).

Horak, D. et al. Forest structure determines spatial changes in avian communities along an elevational gradient in tropical Africa.
J. Biogeogr. 46, 2466-2478. hitps://doi.org/10.1111/jbi.1 3688 (2019).

Abiyu, A, Gratzer, G., Teketay, D., Glatzel, G. & Aerts, R. Epiphytic recruitment of Schefflera abyssinica (A. Rich) Harms. and the
role of microsites in affecting tree community structure in remnant forests in northwest Ethiopia. Ethiop. J. Sci. 36, 41-44 (2013).

. Maicher, V. et al. Seasonal shifts of biodiversity patterns and species” elevation ranges of butterflies and moths along a complete

rainforest elevational gradient on Mount Cameroon. J. Biogeogr. 47, 342-354. https://doi.org/10.1111/jbi.13740 (2020).

Turner, M. G. Disturbance and landscape dynamics in a changing world. Ecology 91, 2833-2849. https://doi.org/10.1890/ 10-0097.1
(2010).

Legal, L. et al. Lepidoptera are relevant bioindicators of passive regeneration in tropical dry forests. Diversity 12, 231. https:/doi.
org/10.3390/d12060231 (2020).

. Cable, S. & Cheek, M. The plants of Mount Cameroon: a conservation checklist (Royal Botanic Gardens Kew, 1998).
46.

Ustjuzhanin, P, Kovtunovich, V, Séfidn, S. Z., Maicher, V. & Tropek, R. A newly discovered biodiversity hotspot of many-plumed
mothsin the Mount Cameroon area: first report on species diversity, with description of nine new species (Lepidoptera, Alucitidae).
Zookeys 777, 119-139. https://doi.org/10.3897/zookeys.777.24729 (2018).

Ustjuzhanin, P. et al. Even hotter hotspot: description of seven new species of many-plumed moths (Lepidoptera, Alucitidae) from
Mount Cameroon. Zookeys 935, 103-119. https://doi.org/10.3897/z00keys 935.49843 (2020).

Blanc,]. Loxodonta africana. The IUCN Red List of Threatened Species. Version 2014.2. https://www.iucn.org/sites/dev/files/impor
t/downloads/african_elephant_final.pdf (2008).

Poorter, L., Bongers, F., Sterck, E. J. & Wall, H. Architecture of 53 rain forest tree species differing in adult stature and shade toler-
ance. Ecology 84, 602-608. https://doi.org/10.1890/0012-9658(2003)084[0602: AORFTS]2.0.CO;2 (2003).

Grote, R. Estimation of crown radii and crown projection area from stem size and tree position. Ann. Forest Sci. 60, 393-402. https
+//doi.org/10.1051 /forest:2003031 (2003).

Bonebrake, T. C., Ponisio, L. C., Boggs, C. L. & Ehrlich, P. R. More than just indicators: a review of tropical butterfly ecology and
conservation. Bml Conserv. 143, 1831-1841. https://doi.org/10. lOl6IJ blocon 2010.04.044 (2010)

Holloway, J. D. The larger moths of Gunung Mulu National Park; a p of their distribution, ecology and poten-
tial as environmental indicators. In Gunung Mulu National Park, Sarawak, Part 11 (eds Jenny, A. C. & Kavanagh, K. P.) 149-190
(Sarawak Museum Journal, Kuchmg 1984).

Molleman, F. Moving beyond phenology: new directions in the study of temporal dynamics of tropical insect communities. Curr.
Sci. 114, 982-986. https://doi.org/10.18520/cs/v114/i05/982-986 (2018).

Maicher, V. et al. Flying between raindrops: Strong seasonal tumover of several Lepidoptera groups in lowland rainforests of Mount
Cameroon. Ecol. Evol. 8, 12761-12772. https://doi.org/10.1002/ece3.4704 (2018).

Hsieh, T. C., Ma, K. H. & Chao, A. iNEXT: iNterpolation and EXTrapolation for species diversity. R package version 2.0.19. http://
chaoidtatothusedud tw/blog/software-download/. (20 19)
R Core Team. R: A language and envi for
https: //www R pro;e ctorg/ (2018)

Beck,J. & ghart, W. C of species diversity from incomplete inventories: an update. Methods Ecol. Evol.
1, 38-44. h((ps //doi.org/10.111 l/) 2041 210X.2009.00003.x (2010).

Hojsgaard, S., Halekoh, U. & Yan, . The R package geepack for generalized estimating equations. /. Stat. Softw. 15, 1-11. https://
doi.org/10.18637/jss.v015.i02 (2006).

Smilaver, P. & Leps, J. Multivariate analysis of ecological data using CANOCO 5 (Cambridge University Press, Cambridge, 2014).

1g. Vienna, Austria: R Foundation for Statistical C

P

ScientificReports|

(2020) 10:21618 | https://doi.org/10.1038/s41598-020-78659-7 nature research

55



www.nature.com/scientificreports/

60. Clarke, K. R. & Gorley, R. N. PRIMER v6: user manual/tutorial (Plymouth, 2006).

61. terBraak, C.J. E & Smilauer, P. Canioco 5, Windows release (5.00). Software for multivariate data exploration, testing, and summa-
rization. (Biometrics, Plant Research International, Wageningen, 2012).

62. Dauby, G. et al. RAINBIO: a mega-database of tropical African vascular plants distributions. Phytokeys 74, 1-18. https://doi.
org/10.3897/phytokeys.74.9723 (2016).

63. Williams, M. C. Afrotropical butterflies 17th edn (Lepidopterists’ Society of Africa, 2018).

64. De Prins, ]. & De Prins, W. AfroMoths, online database of Afrotropical moth species (Lepidoptera). http:/[www.afromoths.net (2018).

Acknowledgements

We are grateful to Francis E. Luma, Nestor T. Fominka, Jacques E. Chi, Congo S. Kulu, and other field assistants
for their help in the field; Stépe’m Janecek, Szabolcs Sifian, Jan E.J. Mertens, Jennifer T. Kimbeng, and Pavel
Potocky for help with Lepidoptera sampling at the elephant-disturbed plots; Karolina Sroka, Ewelina Sroka,
and Jadwiga Lorenc-Brudecka for Lepidoptera setting; Elias Ndive for tree identification; Yannick Klomberg
for reviewing distribution of trees; Axel Hausmann for access to the Bavarian State Collection of Zoology; and
the Mount Cameroon National Park staff for their support. This study was performed under authorizations of
the Cameroonian Ministries for Forestry and Wildlife, and for Scientific Research and Innovation. Our project
was funded by the Czech Science Foundation (16-11164Y, 17-19376S), the University of South Bohemia (GAJU
030/2016/P, 038/2019/P), Charles University (PRIMUS/17/SCI/8, UNCE204069), and the Czech Academy of
Sciences (RVO 67985939).

Author contributions

V.M. and R.T. conceived and designed the study, coordinated all its parts, and wrote the manuscript. V.M. per-
formed the statistical analyses. All authors collected the field data and/or processed the collected material, includ-
ing its identification. All authors critically revised the manuscript and gave the final approval for its publication.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.
org/10.1038/541598-020-78659-7.

Correspondence and requests for materials should be addressed to V.M. or R.T.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International
| icense, which permits use, sharing, adaptation, distribution and reproduction in any medium or

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2020

ScientificReports|

(2020) 10:21618 | https://doi.org/10.1038/s41598-020-78659-7 natureresearch

56



SUPPORTING INFORMATION

Table S1. Abundances and diversity of trees and insects in forests
disturbed and undisturbed by elephants in particular seasons.

Undisturbed forests

Disturbed forest

1,100 m a5l 1,850 m a5l 1,100 masl 1,850 m a.sl.
Wet to dry Dry to wet Wet to dry Dry to wet Wet to dry Dry to wet Wet to dry Dry to wet
Abundance 202 433 511 274
Species
Trees richness g2 3z 3z 16
Sampling
coversge oes 000 000 089
Abundance 74 87 355 o5 285 183 ] 18
Butterflies r?::::i 25 23 2 5 21 28 4 5
Sampling
coveragn oss 0.5 089 n.oo 0.07 0.5 1.00 LY
Abundance 1,808 134 458 23 192 480 101 144
Fruit- -
feeding r?::::i 35 38 80 24 55 g2 18 32
moths 5 i
ampling
coveragn 088 LY o4 nas 086 0oz 004 085
Abundance 328 1 823 473 208 488 383 587
Light- .
attracted :::::55 30 19 45 52 82 101 40 S
moths N |
ampling
coveragn 087 LN 088 nes 086 non 086 ngg
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Table S2. Summary of the redundancy analyzes (RDA) analysing the
effect of interaction between disturbance by forest elephant and elevation
for trees, butterflies, and light-attracted moths species richness of families
with >5 species. For butterflies and light-attracted moths, the temporal
variation was treated by adding season as a covariate. See biplots in
Supplementary Fig. S1.

Statistic ATS A)é's
Trees
Adjusted explained variation: 52.3%
Eigenvalues 0.4 0.2
Explained variation (cumulative) 36.3 56.0
Pseudo-canonical correlation 0.9 0.8
Explained fitted variation (cumulative) 64.0 98.4
Butterflies
Adjusted explained variation: 36.4%
Eigenvalues 0.4 0.03
Explained variation (cumulative) 35.9 393
Pseudo-canonical correlation 0.9 0.5
Explained fitted variation (cumulative) 91.0 99.6
Light-attracted moths
Adjusted explained variation: 49.1%
Eigenvalues 0.3 0.2
Explained variation (cumulative) 296 47.2
Pseudo-canonical correlation 0.9 0.8
Explained fitted variation (cumulative) 56.4 9%0
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Figure S1. RDA ordination diagrams visualizing the effect of interaction
between disturbance by elephants and elevation for species richness of
families of (a) trees, (b) fruit-feeding butterflies, and (c) light-attracted
moths. For butterflies and light-attracted moths, the temporal variation was

treated by adding season as a covariate.

Supplementary Table S2.
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CHAPTER |11

Seasonal shifts of biodiversity patterns and
species’ elevation ranges of butterflies and
moths along a complete rainforest elevational
gradient on Mount Cameroon

Maicher, V., Safian, Sz., Murkwe, M., Delabye, S.,
Przybytowicz, L., Potocky, P., Kobe, I.N., Janecek, S.,
Mertens, J.E.J., Fokam, E.B., Pyrcz, T., Dolezal, J., Altman, J.,
Horak, D., Fiedler, K., & Tropek, R. (2019).

Journal of Biogeography, 47: 342-354.

Kobe and Pavel on their way to empty traps at the highest elevation (treelin, 2,200 m
a.s.l.) of the gradient on Mount Cameroon. © S. Delabye
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Abstract

Aim: Temporal dynamics of biodiversity along tropical elevational gradients are un-
known. We studied seasonal changes of Lepidoptera biodiversity along the only com-
plete forest elevational gradient in the Afrotropics. We focused on shifts of species
richness patterns, seasonal turnover of communities and seasonal shifts of species’
elevational ranges, the latter often serving as an indicator of the global change effects
on mountain ecosystems.

Location: Mount Cameroon, Cameroon.

Taxon: Butterflies and moths (Lepidoptera).

Methods: We quantitatively sampled nine groups of Lepidoptera by bait-trapping
(16,800 trap-days) and light-catching (126 nights) at seven elevations evenly distrib-
uted along the elevational gradient from sea level (30 m a.s.l.) to timberline (2,200 m
a.s.l.). Sampling was repeated in three seasons.

Results: Altogether, 42,936 specimens of 1,099 species were recorded. A mid-eleva-
tion peak of species richness was detected for all groups but Eupterotidae. This peak
shifted seasonally for five groups, most of them ascending during the dry season.
Seasonal shifts of species’ elevational ranges were mostly responsible for these di-
versity pattern shifts along elevation: we found general upward shifts in fruit-feeding
butterflies, fruit-feeding moths and Lymantriinae from beginning to end of the dry
season. Contrarily, Arctiinae shifted upwards during the wet season. The average sea-
sonal shifts of elevational ranges often exceeded 100 m and were even several times
higher for numerous species.

Main conclusions: We report seasonal uphill and downhill shifts of several lepidop-
teran groups. The reported shifts can be driven by both delay in weather seasonality
and shifts in resource availability, causing phenological delay of adult hatching and/
or adult migrations. Such shifts may lead to misinterpretations of diversity patterns
along elevation if seasonality is ignored. More importantly, considering the surprising
extent of seasonal elevational shifts of species, we encourage taking account of such

Journal of Biogeography. 2019;00:1-13.

wileyonlinelibrary.com/journal/jbi © 2019 John Wiley & Sons Ltd I 1
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communities of Lepidoptera in tropical mountains.
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1 | INTRODUCTION

Research on biodiversity patterns along elevational gradients has
crucially contributed to our understanding of species distribution
and co-existence (McCain & Grytnes, 2010). Increasingly unfavour-
able climatic conditions, reduction of habitat area, and constraints in
resource diversity and availability have been linked with the diver-
sity decrease in many taxa towards the highest elevations (Forero-
Medina, Joppa, & Pimm, 2011; Laurance et al., 2011; McCain &
Grytnes, 2010). Simultaneously, species richness of many groups,
including Lepidoptera (Beck et al., 2017; Pyrcz & Woijtusiak, 2002;
Pyrcz, Wojtusiak, & Garlacz, 2009), peaks at mid-elevations (Colwell
etal., 2016; McCain & Grytnes, 2010). Colwell et al. (2016) explained
this ph by combined effects of
and a unimodal gradient of favourable environmental conditions.
However, our under: sity organi-
zation along elevation is geographically biased. In particular, the

ic constraints

i :

g of lepidopteran

hindi

e

large k ge gap ins in the under d Afrotropics (Beck
et al., 2017), with the only exception of data from Mount Kilimanjaro
(Axmacher et al., 2004, 2009; Peters et al., 2016).

Despite the historical concept of ‘aseasonal’ tropics, tropical in-
sect biodiversity is known to be strongly seasonal (Kishimoto-Yamada
& Itioka, 2015; Wolda, 1988). Such phenological changes of tropical
lepidopteran communities are often driven by wet and dry season
cycles influencing availability of resources for both caterpillars and
adult butterflies and moths (Gretan, Lande, Chacon, & DeVries,
2014; Grotan, Lande, Engen, Sather, & DeVries, 2012; Maicher et
al., 2018; Valtonen et al., 2013). In contrast, montane insect phenol-
ogy is crucially driven by I changes of p e (Bishop,
Robertson, van Rensburg, & Parr, 2014; Boulter, Lambkin, & Starick,
2011; Wardhaugh, Stone, & Stork, 2018). Divergent pressures on

species uphill, followed by multiple cascade effects leading to local
or even global extinctions (Colwell et al., 2008; Sheldon, Yang, &
Tewksbury, 2011). Recently, such upward shifts of lepi el-
evational ranges related to the global change have been reported
from tropical mountains (Chen, Hill, Ohlemdiller, Hill, Ohlemdiller,
Roy, & Thomas, 2011; Chen, Hill, Shiu, et al., 2011; Chen et al., 2009;
Laurance et al., 2011). However, these studies consistently neglected
the seasonal dynamics of species’ ranges since their data were either
collected during a single season only or were lumped across sea-
sons (e.g. Ashton et al., 2016; Brehm & Fiedler, 2003). Nevertheless,
seasonality is known to strongly affect distribution, abundance and
diversity of lepidopteran communities in many tropical ecosystems
(Grotan et al., 2014, 2012; Maicher et al., 2018; Valtonen et al.,
2013). Therefore, it remains questionable how the described ele-
vational range shifts might be related to natural seasonal dynamics
together with potential sampling biases arising from the lack of tem-
poral replicates. Unfortunately, the knowledge of natural intra-an-
nual shifts of elevational ranges remains very poor, although crucial

for the evaluation of the global change impacts.

Here, we report the first extensive and standardized study of
temporal biodiversity patterns of nine lepidopteran groups along
an elevational gradient in tropical forest ecosystems. We sampled
Mount C.
lowland to timberline in the Afrotropics, and thereby produced the
second Afrotropical dataset on lepidopteran diversity patterns along
elevation. Our main aim was to analyse if the elevational patterns
of species richness differ among three different seasons (dry sea-

ly d gradient from

, the only conti

son and both transitions between dry and wet seasons), and if there
is any seasonal turnover of communities along elevation. To better
understand the inter-seasonal changes, we separated inter-seasonal
species turnover at the community level and shifts of individual spe-

communities at different elevations might substantially infl e
the spatial distribution of species diversity along elevation, as well
as its temporal dy ics. Hi , ph logical aspects have been
ignored in most studies of tropical elevational biodiversity patterns.
Most studies have focused on the patterns of biodiversity along
tropical elevational gradients within a single season, or have even
neglected local seasonality at all. In our opinion, to fully understand
the organization of tropical biodiversity, we need to include its tem-
poral aspects.

Biodiversity of tropical mountains has also recently been dis-
cussed in terms of the global change (Colwell, Brehm, Cardelus,
Gilman, & Longino, 2008; Laurance et al., 2011). Predicted local
increases in temperature should shift the climatic niches of many

cies’ ional ranges. We expected the latter to represent an im-
portant part of the inter-seasonal community differences.

2 | MATERIALS AND METHODS

2.1 | Study sites

All data were collected at seven elevations (Table 1; Figure S1 in
Appendix S1; Ferenc et al., 2016, 2018) on southwestern slopes of
Mount Cameroon, Southwestern Province, Cameroon, the high-
est mountain of West/Central Africa (4,095 m a.s.l) and an impor-
tant hotspot of biodiversity and endemism for many taxa including
Lepidoptera (Ustjuzhanin, Kovtunovich, Safian, Maicher, & Tropek,
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TABLE 1 Summary of the sampled localities on Mount Cameroon

Sampling periods

(m

Dry to wet
May 2015
Apr 2015

Wet to dry

Oct 2017

Jan 2015

N 03.9818° E09.2625° Coastal forest
N 04.0899° E 09.0517°

30m

Dikolo Peninsula

Bamboo Camp

Feb 2016

Dec 2014

Mosaic of primary and secondary

lowland forest

350m

Apr 2015
Apr 2015

Jan/Feb 2016
Jan/Feb 2016

Nov/Dec 2014

Dec 2014

Primary lowland forest

E 09.0630°

N 04.1022°
E 09.0709°

N 04.1175°

650 m

Drink Gari

Upland forest locally disturbed by

elephants

1,100 m

PlanteCam Camp

Feb 2017 Apr/May 2017

N 04.1443° E 09.0717° Submontane forest locally disturbed by  Nov 2016
elephants

1,450 m

Crater Lake

Feb 2017 Apr 2017

Nov 2014

Montane forest locally disturbed by

N 04.1453° E 09.0870°
elephants

1,850 m

Elephant Camp

Apr 2017

Nov 2016 Jan/Feb 2017

Montane forest close to the timberline

N 04.1428° E 09.1225°

2,200m

Mann's Spring

3
bl al of
E e

2018). Its southwestern slope offers the only continuous elevational
gradient of near-pristine tropical rainforest from lowland (c. 350 m
a.s.l.) to the timberline (c. 2,100-2,300 m a.s.l.) on the continent.
The study area lies in a perhumid tropical climate essentially
influenced by alternation of south-west maritime winds (monsoon)
and north-east continental dry winds (harmattan). The well-pro-
nounced seasonality consists of one wet (June-September) and one
dry season (late December-February), sep d by relatively short
transition seasons (Fraser, Hall, & Healey, 1998; Figure 1, Table S1
in Appendix S2). This seasonal cycle is highly regular and predict-
able and we considered its intra-annual circularity when planning

(b)

== NNN

g

Total precipitation (mm) Mean day temperature (°C)

Number of rainy days
[y
b

P R AR R T g
FTELLISTI T LY
2+ 350 m ¥ 650 m === 1100 m
<~ 1450 m=o- 1850 m == 2200 m

Dry season . Transitions . Wet season

FIGURE 1 Weather on Mount Cameroon. (a) Mean daily
p e, (b) hly precipitation, and (c) ber of rainy days
(>2 mm of rainfall)
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our sampling schedule. The southwestern slope foothills are among
the rainiest places in the world, with annual precipitation often ex-
ceeding 10,000 mm (Fraser et al., 1998), with monthly precipitation
over 1,500 mm between June and September. Rainfall is rare from
November to February, especially at higher elevations (Figure 1,
Table S1 in Appendix S2).

Six sampling elevations (350, 650, 1,100, 1,450, 1,850 and
2,200 m a.s.l) constituted the linear elevational transect ranging
from the lowland forest up to the natural timberline on the south-
western slope (Table 1). The lowest sampling elevation (30 m a.s.l.)
was set in the Bimbia-Bonadikombo Community Forest (Table 1;
Ferenc et al., 2018), separated from the main transect line by c. 25 km
of farmlands, inhabited areas and secondary growth (Figure S1 in
Appendix S1).

2.2 | Lepidoptera sampling

At each sampling elevation, lepidopterans were collected following
two methods. Fruit-feeding Lepidoptera (hereafter fruit-feeding but-
terflies and fruit-feeding moths) were sampled using bait-traps, while
seven groups of Lepidoptera (Arctiinae, Lymantriinae, Notodontidae,
Lasiocampidae, Sphingidae, Saturniidae and Eupterotidae) were at-
tracted by light and collected manually. Each elevation was sampled
at three distinct seasons: transition from wet to dry season, high dry
season and transition from dry to wet season (see Table 1 for sam-
pling periods at particular el ). No ling of Lepid

was logistically feasible during the high wet season because of
Mount Cameroon's extreme weather conditions (Figure 1).

a

For our sampling, we used the plots already described in Ferenc
et al. (2016, 2018). Within each sampling elevation, 16 forest plots
were established, minimally 150 m apart from each other. At each
plot, five bait traps were installed (modified IKEA PS Fangst: height
75 cm, diameter 23 cm; first used by Safian, Csontos, & Winkler,
2011), and baited with fer d Four traps
were installed in understorey and one trap was hung up at 20(+5)
m height. The banana bait (c. 0.3 L) was refreshed every day and
renewed every 3-5 days, depending on its quality. All traps were ex-

poia £

posed for 10 consecutive days per season, during which all

later identified to (morpho)species level, based on external morphol-
ogy and genitalia features using available literature, authors’ exper-
tise and several large reference collections. Voucher specimens are
stored in the Nature Education Centre (CEP-MZUJ), Jagiellonian
University, Krakow, Poland.

2.3 | Weather data

We recorded mean daily temperature, total monthly precipitation
and the number of rainy days (defined as >2-mm rainfall per 24 hr)
at all elevations but the lowest. Temperature was recorded by three
DRL26 automatic dendrometers (EMS, Brno, Czechia) per elevation,
with built-in growth and temperature dataloggers, placed on trunks
(c. 40-cm DBH, min. 150 m from each other) at 1 m above ground
under closed forest canopy. Temperature was recorded every hour
from January 2015 to December 2016. Precipitation was recorded
using Minikin ERi with Pronamic Pro Rain Gauge (EMS, Brno, Czechia;
it registers actual time of tipping, not number of pulses within a time
interval) during 2015. One rain gauge per elevation was installed in
a larger canopy gap with regularly cleared understorey vegetation.

2.4 | Elevational patterns of species diversity

The nine focal groups (see above) were treated separately in all anal-
yses. Except where specified, all statistical analyses were performed
inRv.3.4.4 (R Core Team, 2018).

Diversities of the focal groups at each elevation and season were
characterized by two measures: 1/ observed species richness; and 2/
bias-corrected Chaol species richness estimator. Sampling cover-
age was used as a proxy of sampling completeness (iINEXT package,
Hsieh, Ma, & Chao, 2016).

To test the changes of species richness with elevation, generalized
linear mixed models (GLMMs, type Il Wald x’ tests, negative bino-
mial distribution to address overdispersion; Ime4 package, Bates,
Michler, Bolker, & Walker, 2015) were applied. Elevation was treated
as fixed categorical factor, and season and plot (nested in elevation)
as random intercept factors. For both bait-trapped groups, a sam-

lepidopterans were removed and counted daily. Each plot was sam-
pled repeatedly in all three study seasons resulting in 16,800 trap-
ping days (7 elevations x 16 plots x 5 traps x 10 trapping days x 3
seasons).

Moths were also attracted to an energy-saving bulb (type M036,
produced by Hadex, Czechia: 4,100 K, 5,300 Im, 105 W, 230 V, 5U)
powered by a portable generator. At each elevation, three plots
were established a few hundred metres from each other, to partially
cover local forest heterogeneity. The focal moth groups were manu-
ally collected from dusk till dawn in two nights per plot and season,
that is, 126 complete nights altogether (7 elevations x 3 plots x 2
nights x 3 seasons).

Most butterflies and some common bait-trapped moths (espe-
cially Calpinae and Erebinae) were identified in the field. All other
specimens were dried by silica gel, stored in glassine envelopes, and
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ple corr to the pooled five trap catches from 10 trapping

days at each plot per season; whereas for the light-trapped groups,

a sample corresponded to the pooled catches from two sampling
nights at each plot per season. Additionally, GLMM models were
run separately for understorey and canopy bait-trapped communi-
ties. Differences among individual elevations were tested by post-
hoc pairwise comparisons of the least square means with Tukey
adjustments.

2.5 | Seasonal patterns and seasonal shifts

Seasonal changes of species richness elevational patterns were tested
by GLMMs with elevation, season and their interaction as fixed fac-
tors, and plot (nested in elevation) as random intercept factor. Species
richness per plot (in 10 sampling days, or 2 sampling nights per sea-
son) was fit into negative binomial models to avoid overdispersion.



MAICHER T AL.
Simul ly, gradi in ¢ ity ¢ at each el-  Lasioc
evation and season were lysed by ic Multidi ional

Scaling (NMDS) based on Bray-Curtis dissimilarity matrices after
square-root transformation of individual species abundances per
plot and season. Differences in species composition among eleva-
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idae; 611 Sphingidae; 385 Saturniidae; 205 Eupterotidae)
of 561 (morpho)species (121 Arctiinae; 207 Lymantriinae; 97
Notodontidae; 56 Lasiocampidae; 40 Sphingidae; 20 Saturniidae; 20
Eupterotidae). Because of the relatively high sampling coverages of
all groups but Eupterotidae at most elevations and seasons (Table S1

tions and seasons were tested by seq ial per y

of variance (PERMANOVA, 9,999 per ions) with ¢ ity
composition of sampling plots per season as a replicate. For fruit-
feeding butterflies and fruit-feeding moths, both GLMM and NMDS
models were run also separately for understorey and canopy data-
sets. Both NMDS and PERMANOVAs were performed in Primer-E
v6 with PERMANOVA*+ (Clarke & Gorley, 2006).

In the six groups with significant effects of the elevation x season
interaction on species richness (both fruit-feeding groups, Arctiinae,
Lymantriinae, Notodontid: we further focused
on the details of their inter-seasonal changes. The local seasonal-
ity was considered to follow a circular inter-annual trajectory (i.e.
wet and dry seasons predictably follow each other, separated by the
transiti ) independent of the pling year (e.g. the wet
to dry transition is always considered as preceding the dry season

Lasioc idae),

inA $3), and since their observed species richness is mostly
included within the Chaol 95% confidence intervals (including those
few with sampling coverages <0.7), only the observed species rich-
ness was subsequently used for the analyses and interpretations of
diversity patterns.

Species richness per elevation peaked between 350 and 1,100 m
a.s.l.forallgroups(350ma.s.l.: Arctiinae, Lymantriinae, Notodontidae,
Lasiocampidae, Sphingidae, Saturniidae, Figure 2i,m,q,uy,ac; 650 m
ding butterflies, Eup! idae, Figure 2a,ag; 1,100 m
a.s.l.: fruit-feeding moths, Figure 2e), and then steadily declined to-
wards the higher elevations. Elevation also significantly affected spe-
ciesrichness per plot of all focal groups (Table S1in Appendix S4), with
its peaks at the lower elevations of 350 and 650 m a.s.|. (fruit-feeding
butterflies, Arctiinae, Lymantriinae, Notodontid
Sphingidae, Saturniidae, Eupterotidae, Figure 2¢ k,0,5,w,3a,ae,ai; the

a.s.l: fruit-fe

Lasioc id:

in this circularity, although our data may have been led later).
To determine if the changes are caused rather by species turnover
or by shifts of species’ elevational ranges, we firstly quantified the
proportions of three species categories at each particular elevation
and season: (a) resident species: those recorded at the same elevation
in the previous season as well; (b) shifted species: those recorded only
at any different elevation(s) in the previous season and (c) appeared
species: those not recorded in the previous season at all. Singletons
per locality and season were excluded from these visualizations.

Finally, we analysed inter-seasonal shifts of species’ elevational
ranges. We used three measures of elevational range, calculated for
each season separately: species’ (a) highest elevation (uppermost re-
cord); (b) lowest elevation (lowest record) and (c) weighted mean el-
evation (average of elevations for all individuals of a given species,
Menéndez, Gonzilez-Megias, Jay-Robert, & Marquéz-Ferrando,
2014). Changes of these elevational measures among every two
seasons were tested for species recorded in >1 season using non-
parametric Wilcoxon signed-rank tests. The lowest sampling locality
was excluded from both previous analyses because of its relative
isolation from the main transect and thus lower probability of any
inter-seasonal migration of specimens.

3 | RESULTS
3.1 | Lepidoptera biodiversity and its elevational
patterns

In total, 42,936 specimens identified to 1,099 morphospecies were
collected (Table S1 in Appendix S3). Bait-trapping brought 25,338

low-el i lat with a mid- peak sensu McCain & Grytnes,
2010) or mid-elevations of 650 and 1,100 m a.s.l. (fruit-feeding
moths, Figure 2g; the mid-elevation peak). Above these mid-ele-
vations, species richness per plot monotonously decreased with el-
evation for all groups but Eupterotidae. The lowest elevation was
always, except for Eupterotidae, significantly species-poorer than
350 m a.s.l, usually comparably poor as the highest elevations
(Figure 2). These patterns stayed relatively consistent for the sepa-
rate analyses of canopy and understorey bait-trapped communities
(Figure S1, Table S2 in Appendix S4).

3.2 | Seasonal changes of weather

Monthly changes of both p e and precipi are visual-
ized in Figure 1 and listed in Table S1 in Appendix S2. Both weather
measures decreased with elevation and changed with season.
While mean daily temperatures did not fluctuate strongly (a few de-
grees difference between wet and dry seasons), precipitation and
the number of rainy days strongly varied with season. Especially
in the lowlands, >2 mm of rain fell virtually daily from June to
September, exceeding 2,300 mm at 350 m a.s.l. from June to August.
Precipitation decreased monotonously with elevation, 350 m was
five times rainier than 2,200 m a.s.l. (with monthly precipitation still
exceeding 500 mm there during the wet season).

3.3 | Seasonal changes of elevational
diversity patterns

Seasonal shifts in species richness peaks were consistent per el-

individuals (17,322 fruit-feeding butterflies and 8,016 fruit-feeding
moths) of 541 (morpho)species (138 fruit-feeding butterflies and
403 fruit-feeding moths). Light-sampling gathered 17,598 individu-
als (9,203 Arctiinae; 4,451 Lymantriinae; 1,632 Notodontidae; 1,111

tion (; diversity) and per plot (alpha diversity) for all
focal groups. The effect of elevation x season interactions on spe-
cies richness per plot was significant for fruit-feeding butterflies,
fruit-feeding moths, Arctiinae, Lymantriinae and Lasiocampidae,
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FIGURE 2 Changes of Lepidoptera species richness with elevation and season for individual focal groups on Mount Cameroon. The four
columns represent total species richness per elevation, total species richness per elevation and season, GLMM results for species richness
per plot and elevation (Table S1 in Appendix $4), and GLMM results per plot, elevation and season (Table S3 in Appendix S4). The latter two
columns show means per plot with 95% unconditional confidence intervals; asterisks visualise results of individual tests (effects of elevation
in the third column: *p < .05; **p < .01; ***p < .001; and of elevation x season interaction in the fourth column: ep < .01; 1p <.05; t1p <.01;
111p <.001). Letters visualise results of the post-hoc pairwise comparisons

and marginally insignificant for Notodontidae (Figure 2, Table S3,
Table S4 in Appendix S4); only these groups were analysed further.
Species richness peaks of fruit-feeding butterflies (Figure 2b,d),
fruit-feeding moths (Figure 2h) and Notodontidae (Figure 2r.t) as-
cended along elevation from the transition from wet to dry to the
transition from dry to wet seasons (with the exception of species
richness of fruit-feeding moths per elevation with less clear pattern,
Figure 2f). On the contrary, Lasioc id:
peak at the transition from wet to dry and the mid-lower elevation
peak in the other sampled seasons (Figure 2v,x), while species rich-
ness of Arctiinae varied locally without any obvious temporal pat-
tern (Figure 2j,l). Although Lymantriinae showed a significant effect

v |

d a high

of elevation x season interaction, no seasonal change of the species
richness peak was visible (Figure 2n,p). The inter-seasonal shifts of
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FIGURE 3 Proportions of Lepidoptera species at the studied
elevations on Mount Cameroon which already occurred at the same
elevation in the previous season (resident species), occurred only

at some different elevation in the previous season (shifted species),
and did not occur anywhere in the previous season (appeared
species). Singletons were excluded
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the butterfly species richness peak were clearly composed by the
shifts of species distributions with elevation (Figure 3). The seasonal
patterns were highly consistent for canopy and understorey commu-
nities of both fruit-feeding groups (Figure S1, Table S5 in Appendix
S4). The proportions of appeared and shifted species of other groups
varied among elevations and seasons, although especially in fruit-
fi g moths the inter
tially related to the appearance of new species’ adults (Figure 3).
The strongrel. hip of community c tothe

was confirmed by NMDS and PERMANOVA. The NMDS ordinations
arranged the communities along elevation for all groups, although
their ‘elevational organisation' along the first axes was in some
cases disrupted by the species-poor lowest (mainly Notodontidae,
Sphingidae and Saturniidae) and/or highest (mainly fruit-feeding
butterflies, Lasiocampidae, Sphingidae and Eupterotidae) elevation
communities (Figure S1 in Appendix S5). These two elevations also
differed from the rest of the gradient on the second ordination axes
for some groups (Figure S1 in Appendix S5). The PERMANOVAs de-
tected significant, although rather weak, effects of seasonality on
the community composition of all focal groups (Table S1 in Appendix
Sé). Elevation x season interactions were significant for all groups as
well, indicating lly different c
vation (Table S1 in Appendix Sé). These patterns remained consis-
tent in separate analyses of canopy and understorey communities
of both fruit-feeding groups (Figure S2 in Appendix S5, Table S2 in
Appendix S6).

i |

ity turnover was substan-

ity turnover along ele-

3.4 | Seasonal changes of elevational ranges

Significant seasonal shifts of the used metrics of species’ elevational
ranges were detected only in ¢ ding but-
terflies, fruit-feeding moths, Arctiinae, and Lymantriinae (Figure 4,
Table S1 in Appendix S7). During the non-sampled wet season (i.e.
between the two led ), highest el
named groups but Arctiinae significantly decreased, together with
mean elevation of fruit-feeding butterflies and fruit-feeding moths.
Contrastingly, lowest elevation of Arctiinae significantly increased
during the same period, while all three metrics did not significantly

of fruit-fi

transition of all

differ among the other seasons. After the wet season, all elevational
range measures continuously shifted upwards for all other groups.
These ascents started with the significant increase in highest eleva-
tion of fruit-feeding butterflies and Lymantriinae at the dry season
beginning, followed by the significant increase in mean elevation and
lowest elevation of fruit-feeding butterflies and mean elevation and
highest el of fruit-feeding moths
ginning. These general shifts are clearly visible for individual species’

ds the wet season be-
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FIGURE 4 Significant inter-seasonal shifts of mean highest elevation (HE), weighted mean elevation (WME), and lowest elevation (LE) of
species’ ranges for (a) fruit-feeding butterflies, (b) fruit-feeding moths, (c) Arctiinae, and (d) Lymantriinae on Mount Cameroon. The arrows
and values (mean with SD) visualise significant shifts (Wilcoxon signed-rank test, Table S1 in Appendix S7) of the individual range measures’

shifts

ranges as well (Figure 5). The average values of inter-seasonal shifts
of elevational ranges were mostly >100 m a.s.l. for all significant
comparisons (Figure 4), and often much higher for individual species’
ranges (Figure 5).

4 | DISCUSSION

4.1 | Biodiversity patterns along elevation

Unsurprisingly, species richness of all sampled groups of butterflies
and moths changed along elevation on Mount Cameroon. In con-
cordance with numerous studies of Lepidoptera and other organisms
(e.g. Beck et al., 2017; Colwell et al., 2016), highest species richness
of most studied lepidopteran groups was detected in lowlands (fruit-

Lasioc

feeding butterflies, Lymantriinae, Nc
Sphingidae) or mid-elevations (fruit-feeding moths, Arctiinae,

Saturniidae, Eupterotidae). Such patterns are consistent with diver-
sity patterns of dung beetles (mid-elevation peak at 1,100 m a.s.l.;
Mongyeh, Philips, Kimbi, & Fokam, 2018) and birds (monotonous
decline above 350 m a.s.l.; Ferenc et al., 2016) on Mount Cameroon.
The observed patterns are also concordant with the lepidopteran
studies on Mount Kili jaro, with a
diversity above 1,000 m a.s.l. (Axmacher et al., 2004; Peters et al.,
2016). Unforti

decline of moth

tely, as no |

can be on Mount

Kilimanjaro, we cannot state if the described patterns from there are
part of the linear diversity decrease along elevation, or rather fit to
the mid-elevation peak type (cf. McCain & Grytnes, 2010).

4.2 | Seasonal diversity shifts along elevation

Species richness patterns of most focal groups differed among the
sampled seasons. On Mount Cameroon, species richness of most

lepid an groups in lowland and mid-elevations increased during

the dry season and until the transition to the wet season, as already
described in Maicher et al. (2018). These latter authors mostly ex-
plained this phenology by the locally extreme precipitation during
the wet season constraining all life cycle stages, and the consequent
emergence of most adults towards the dry season (Maicher et al.,
2018). By ding the ling to the ¢ lete rainf
tional gradient, we have now shown that these increases in species
richness differed seasonally among elevations, altogether causing
the observed seasonal shifts of diversity peaks. Although we sam-
pled each season only once, available long-term studies of tropical
butterfly communities showed that the main seasonal species rich-

t eleva-

ness patterns (such as richest and poorest periods) remain relatively
constant inter-annually (Gretan et al., 2014, 2012; Valtonen et al.,
2013). However, we admit that temporal replication of particular
seasons sampling in different years would be necessary for a more
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fully control for potential inter-annual dynamics. Nevertheless, our
results highlight the necessity of considering seasonal dynamics
when interpreting elevational patterns of tropical diversity.

Detailed studies of temporal changes of diversity along tropical
elevational gradients are scarce, mostly because of the logistic dif-
ficulties of sufficient sampling of each elevation even once. Janzen
(1973) showed beetle diversity to decrease in mid-elevations during
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diversity in Costa Rica. The only more recent study was performed
in the wet tropics of Australia (Wardhaugh et al., 2018). Despite the
strong effect of seasonality on species richness and abundance of
beetles, both peaking during the high wet season, no consistent
seasonal shifts of beetles abundance or species richness along el-
evation were observed. This was explained by the short length of
the | gr: (<1,000 m a.s.l.). Nevertheless, as

died ol Hi
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demonstrated above, the main seasonal shifts of lepidopteran spe-
cies richness on Mount Cameroon happened below 1,000 m a.s.l.

Any more general conclusions are impeded yet because any
comparably comprehensive datasets from the tropics are lacking.
However, two studies of seasonal shifts of arthropod diversity
on subtropical mountains in southern Africa are consistent with
our results; an upward shift of diversity peaks was unveiled in a
multiple-year study of ants (Bishop et al., 2014), as well as in a
study of spiders (Foord & Dippenaar-Schoeman, 2016). In the lat-
ter, a different pattern of the spider diversity shift was detected
among the two studied slopes with different precipitation re-
gimes (Foord & Dippenaar-Schoeman, 2016). Additionally, Meyer
et al. (2015) revealed seasonal differences in ground-dwelling
arthropod communities along an elevational gradient in the sub-
tropical southwestern US but did not further dissect their pat-
terns or drivers. All these studied areas are also characterized by
intra-annual cycles of dry and wet seasons similar to our tropical
locality.

To our knowledge, the only study on seasonal shifts of individ-
ual tropical lepidopteran species along elevation was performed by
Janzen (1987) in Costa Rica. He reported migrations of sphingids to
higher elevations (‘elevations hundreds to thousands of metres higher
than where the larval host plants of these species occur’) during the
high dry season. Janzen (1987) hypothesized that sphingids fly
through mountain passes to moist refugia, but simultaneously ad-
mitted having no direct evidence on either such migration itself nor
its drivers. The few other reports on tropical lepidopteran species’
shifts reviewed by Hsiung, Boyle, Cooper, and Chandler (2018) were
not supported by any detailed data or evidence, similarly to a re-
port on elevational migration of a tropical wasp Polistes instabilis in
Costa Rica (Hunt, Brodie, Carithers, Goldstein, & Janzen, 1999). On
the other hand, seasonal species’ range shifts are known for many
species of tropical birds and bats (Hsiung et al., 2018), where they
are mostly explained by migrations towards temporarily more suit-
able conditions.

4.3 | Drivers of the elevational shifts

We found that the phenological patterns of diversity, previously
described for six lepidopteran groups in the lowland rainforest of
Mount Cameroon (Maicher et al., 2018), change along elevations:
the species richest communities occur sooner during the annual
cycle at lower elevations, and only later on at the higher sites
(Figure 2). We thus hypothesize that the seasonal shifts of both spe-
cies richness and species' elevational ranges should be related to a
phenological delay of some crucial conditions between the begin-
ning and end of the dry season. Unfortunately, we do not have any
data from the wet season allowing us to explain the inferred gen-
eral descent of biodiversity peaks and species’ elevational ranges of
most focal groups.

Although our data sampling does not allow to distinguish if the
described shifts of species’ elevational range were caused by a phe-
nologically delayed emergence of adults at higher elevations, or by
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a seasonal up- or down-slope migration of individuals, we expect
a combination of both drivers behind the described patterns. The
temporal changes in weather conditions and availability of resources
for both adults and caterpillars might initiate seasonal adult migra-
tion (Hsiung et al., 2018; Janzen, 1987). Janzen (1987) suspected a
lack of food resources (both nectar flowers for adults and food plant
foliage for larvae) during the dry season and the temperature drop
during the wet season as the main triggers of the seasonal two-way
migration.

4.4 | Implications for global change impact studies

Temporal changes of diversity along tropical elevational gradients
have become a widely used approach for studying the global change
impacts on biota, despite the above-mentioned insufficient knowl-
edge of their seasonal dynamics (McCain, Szewczyk, & Knight, 2016).
The current consensus predicts that the ongoing global climate
change will cause uphill shifts of tropical montane species, due to
their relatively narrow thermal tolerances (Forero-Medina et al., 2011;
Laurance et al., 2011), resulting in subsequent extinctions of moun-
taintop species (Colwell et al., 2008). Such predictions have recently
been supported by observed upward shifts of ranges of tropical frogs
(Pounds, Fogden, & Campbell, 1999), birds (Freeman & Class Freeman,
2014) and moths (Chen, Hill, Shiu, et al., 2011; Chen et al., 2009). A
recent multi-taxonomical meta-analysis estimated the median rate of
uphill shift to be 11 m per decade (Chen, Hill, Ohlemiiller, et al., 2011).

Even though insects are a hyper-diverse group of bioindicators,
there are only two studies on elevational shifts based on a single
dataset from the humid tropics (Chen, Hill, Shiu, et al., 2011; Chen
et al., 2009). Their authors resampled the communities of geometrid
moths along an elevational gradient of Mount Kinabalu, Borneo,
Malaysia, 42 years after the first data collection. They detected an
average upward shift of species’ mean elevational ranges by 67 m
(Chen et al., 2009). However, results varied according to the eleva-
tional specialization of lepidopteran species. The upper elevation
species’ highest elevational range decreased by 179 m, while their
lowest elevational range increased by 121 m (Chen, Hill, Shiu, et al.,
2011). Both highest and lowest elevational ranges of all other geo-
metrid species increased by 152 and 77 m respectively (Chen, Hill,
Shiu, et al., 2011).

However, our study showed that the shifts of individual spe-
cies' elevational ranges of this extent can also be part of seasonal
dynamics. We detected average range shifts of often >100 m (and
even several times higher for many species) within natural seasonal
changes over just two and half calendar years. Although we accept
that any study of long-term changes has its numerous own con-
straints, we consider the sufficient knowledge of the natural dynam-
ics over shorter time-scales as an essential requirement. Far from
doubting the global climate change effects on biodiversity, we urge
authors to take into account the seasonal dynamics of both diversity
patterns and species’ elevational distribution, as exemplified on the
tropical mountain in our study. Any sampling shortcut ignoring the
main seasonal dynamics might bias our understanding of the global
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change effects on tropical insect communities. Consequently, mis-
conceptions might even negatively affect any potential preventive
actions. Since the global change has already altered the seasonal
precipitation regimes in many tropical areas (Feng, Porporato, &
Rodriguez-Iturbe, 2013), we call for urgent attention to the natural
seasonal dynamics of tropical diversity along elevational gradients.
Only such background data would enable us to fully understand
the ongoing and predicted effects of the global change on tropical
montane biodiversity.
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APPENDIX S1. Map of Mount Cameroon with the seven sampled
elevations.
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" Above timberline
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FIGURE S1. Map of Mount Cameroon with the seven sampled elevations.
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APPENDIX S2. Details of the collected weather data.
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APPENDIX S3. Summary table of the focal groups of Lepidoptera
diversity for individual elevations and seasons.

TABLE S1. Diversity of the focal lepidopteran groups for individual
elevations and seasons.

Focal group Elevation [asl) Season Abundance Species richness  Chaol (£5E) sC
30 m 402 4] 68.18 (24.33) 096
350 m 792 T2 85.80 (28.74) 098
850 m 438 &0 81.00 (12.20) 088
1.100 m Wet to dry 410 34 43.43 (27.25) 0487
1.450m 738 5 5.00 (+0.45) 1
1850 m 209 5 5.00 {+0.00) 1
2200 m 957 3 3.00 (£0.41) 1
30 m 252 54 G603 (+B.58) 084
350 m 3026 81 87.87 (£5.58) 1
B850 m 1832 87 965.43 (£7.26) 0.89
Fruit-feeding butterflies 1,100 m Dry 1831 5B 65.33 (¢5.87) 0.99
1.450m 1520 16 18.50 (23.15) 1
1850 m 505 5 5.00 (+0.22) 1
2.200m 3z 2 2.00 (+0.00) 1
30 m 120 4 52.2(¢13.14) 038
350 m 538 58 63.05 (23.78) 087
850 m 1021 [+] 81.31 (¢8.68) 088
1,100 m Dry to wet 376 41 TG00 (£#25.50) D098
1.450m 708 24 29.00(28.83) 089
1850 m 255 5 B.OO (+4.38) 089
2,200 m 1123 T 13.00 (£7.07} 1
30 m 839 k] 115.0 (50.2) 0498
350 m 406 B5 B3.1(+148) 083
B850 m 443 85 145.0 (#26.2) 0.91
1,100 m Wet to dry 380 T8 131.1 (¢25.3) 0.91
1.450m 248 53 131.8(¢15.1)  0.83
1.850 m 156 3 54.0 (+16.4) 0e
2,200 m 58 20 28.0(£7.6) 0.85
Fruit-feeding moths
30 m Ta 'l 41.0(£8.2) 0.82
350 m 434 57 PG.G (£22.0) 085
B850 m gi18 100 174.2 (£30.1) 082
1,100 m Dry 739 20 135.8 (221.2) 095
1.450m 139 43 P72 (327) 023
1850 m [=ie] 0 46.0 (x11.0) 076
2,200 m 8 g 14.5 (£8.1) 0.28
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sphingides
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APPENDIX S4. Detailed results of the GLMMs.

TABLE S1. Results of the generalised mixed-effect models (GLMM) with
elevation as fixed effect factor, and season and plot nested in elevation as
random effect factors. The type Il Wald x2 tests were applied for the
models testing, while the “delta” method (Barton, 2018) was applied for
the marginal R? calculations.

Focal group X2 df p-value Marginal R®
Fruit-feeding butterflies 14185 6 <0.01 082
Fruit-feeding moths o669 6 <0.01 070
Arctiinae 666 6 <0.01 0.46
Lymantriinae 1763 6 <0.01 065
Notodontidae 3118 6 <0.01 077
Lasiocampidae 772 6 <0.01 0.39
Sphingidae 1684 6 <0.01 052
Saturniidae 538 6 <0.01 053
Eupterotidae 269 4] <0.01 028

TABLE S2. Results of the generalised mixed-effect models (GLMM)
carried out separately for fruit-feeding butterflies and moths collected in
canopy and understory. Elevation was treated as fixed effect factor, and
season and plot nested in elevation as random effect factors. The type Il
Wald %2 tests were applied for the models testing, while the “delta” method
(Barton, 2018) was applied for the marginal R? calculations.

Focal group X2 df p-value Marginal R*
Fruit-feeding butterflies
Canopy 4326 6 <0.01 0.62
Understory 11378 6 <0.01 0.85
Fruit-feeding moths
Canopy 1538 ©6 <0.01 033
Understory 4819 6  <0.01 0.75
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TABLE S3. Results of the generalised mixed-effect models (GLMM) with
elevation, season, and their interaction as fixed effect factors, and plot
nested in elevation as random effect factor. The type II Wald 2 tests were
applied for the models testing, while the “delta” method (Barton, 2018)
was applied for the marginal R? calculations (n.s.: not significant).

Focal group Fixed effects X2 df p-value Marginal R?
Fruit-feeding butterflies Elevation 14568 6 <0.01
Season 3151 2 =0.01 0.89
Elevation * Season 1957 12 <0.01
Fruit-feeding moths Elevation 6172 6 =0.01
Season 286 2 =0.01 0.84
Elevation * Season 1993 12 <0.01
Arctiinae Elevation 759 6 <0.01
Season 12.5 2 =0.01 0.55
Elevation * Season 243 12 0.02
Lymantriinae Elevation 20896 6 <0.01
Season 17e 2 =0.01 0.83
Elevation * Season 519 12 =0.01
Motodontidae Elevation 070 6 =0.01
Season 15.6 2 =0.01 0.81
Elevation * Season  19.1 12 0.08
Lasiocampidae Elevation 76.2 6 <0.01
Season 3.5 2 ns 0.49
Elevation * Season 303 12 <=0.01
Sphingidae Elevation 1751 6 <0.01
Season 3.0 2 n.s. 0.53
Elevation * Season n.s.
Saturniidae Elevation 496 [ =0.01
Season 8.1 2 0.02 0.55
Elevation * Season n.s.
Eupterotidae Elevation 287 6 <0.01
Season 18.6 2 =0.01 0.37
Elevation * Season n.s.
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TABLE S5. Results of the generalised mixed-effect models (GLMM)
carried out separately for fruit-feeding butterflies and moths collected in
canopy and understory, with elevation, season, and their interaction as
fixed effect factorss, and plot nested in elevation as random effect factor.
The type 11 Wald y2 tests were applied for the models testing, while the
“delta” method (Barton, 2018) was applied for the marginal R?
calculations (n.s.: not significant).

Focal group Fixed effects X2 df p-value Marginal R*
Fruit-feeding butterflies
Canopy Elevation Jses 6 <001
Season 496 2 =00 0.70
Elevation * Season 562 12 <0.01
Understory Elevation 11885 & =001
Season 3_28 2 <001 0.88
Elevation * Season 2199 12 <0.01
Fruit-feeding moths
Canopy Elevation 1398 6 =001
Season 33 2 ns 0.55
Elevation * Season 542 12  <0.01
Understory Elevation 4787 6 <0.01
Season 401 2 =0.01 0.86
Elevation * Season 2101 12 <0.01
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FIGURE S1. Changes of the fruit-feeding Lepidoptera species richness
along elevation and season, analysed separately for understory and canopy
strata on Mount Cameroon. The two columns represent visualisation of the
GLMM results for species richness per plot and elevation (Table S2 in
Appendix S4), and GLMM results per plot, elevation and season (Table
S5 in Appendix S4). Means per plot with 95% unconditional confidence
intervals are visualised; asterisks visualise significance of individual tests
(effects of elevation in the third column: * p<0.05; ** p<0.01; ***
p<0.001; and of elevationxseason interaction in the fourth column: .
p<0.01; T p<0.05; ™" p<0.01; 7" p<0.001). Letters visualise results of the
post-hoc pairwise comparisons.
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APPENDIX S5. Nonmetric multidimensional scaling (NMDS) two-
dimensional plots of individual focal group.

a) Fruit-feeding butterflies (b) Fruit-feeding moths (c) Arctiinae
— r
o

2D Stress: 0.05 2D Stress: 0.10 2D Stress: 0.08
(d) Lymantriinae (e) Notodontidae (f) Lasiocampidae

¥

= I RN

[2D Stress: 0,07 2D Stress: 0,08 2D Stress: 0,15
(g) Sphingidae (h) Saturniidae (i) Eupterotidae
D Stress: 012 D Stress: 017 2D Stress: 012 /

Elevation (asl)
O 30m %350m V 650m +1100m O 1450 m X 1850m < 2200 m
Seasons

[ werTtoory [ ory [ DRY TO WET

FIGURE S1. Nonmetric multidimensional scaling (NMDS) two-
dimensional plots of bait-trapped (a) fruit-feeding butterflies and (b) fruit-
feeding moths; and light-attracted (c) Arctiinae, (d) Lymantriinae, (e)
Notodontidae, (f) Lasiocampidae, (g) Sphingidae, (h) Saturniidae, and (i)
Eupterotidae collected on Mount Cameroon. Ordinations are based on
matrices calculated with the Bray-Curtis similarity index of square root
transformed data. The low stress values indicate a high goodness-of-fit of
the ordinations.
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FIGURE S2. Nonmetric multidimensional scaling (NMDS) two-

dimensional plots of bait-trapped (a) fruit-feeding butterflies and (b) fruit-
feeding moths collected in both canopy (upper charts) and understory
(lower charts) on Mount Cameroon. Ordinations are based on matrices
calculated with the Bray-Curtis similarity index of square root transformed
data. The low stress values indicate a high goodness-of-fit of the

ordinations.
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APPENDIX S6. Results of PERMANOVAs of the differences in
community composition of individual focal groups of Lepidoptera.

TABLE S1. Results of sequential PERMANOVAs carried out for all focal
groups of Lepidoptera on Mount Cameroon.

Taxon Source df  Sums of square Pseudo-F p

Fruit-feeding butterflies Elevation G 544 290 92 .40 =0.01
Season 2 37,716 19.21 =0.01
Elevation x Season 12 136,040 11.55 =0.01

Residuals 315 308,260
Fruit-feeding moths Elevation G 352,950 331 =0.01
Season 2 63,568 17.98 =0.01
Elevation ¥ Season 12 170,090 798 =0.01

Residuals 315 550 590
Arctiinae Elevation G 126,520 31.66 =0.01
Season 2 9,106 6.84 =0.01
Elevation x Season 12 25,064 3.14 =0.01

Residuals 42 278971
Lymantriinae Elevation G 79,694 6.45 =0.01
Season 2 10,331 251 =0.01
Elevation ¥ Season 12 29 592 1.20 0.05

Residuals 42 86,450
Notodontidae Elevation (i1 33,383 h63 =0.01
Season 2 6,804 344 =0.01
Elevation ¥ Season 12 107,960 .10 =0.01

Residuals 42 41,495
Lasiocampidae Elevation G 30,997 4 56 =0.01
Season 2 4574 2.02 =0.01
Elevation x Season 12 91,285 6.72 =0.01

Residuals 42 47 552
Sphingidae Elevation G a0 462 2315 =0.01
Season 2 3,663 315 =0.01
Elevation x Season 12 17,918 258 =0.01

Residuals 42 24,333
Saturniidae Elevation G 58,927 13.60 =0.01
Season 2 9,955 6.89 =0.01
Elevation x Season 12 24,001 278 =0.01

Residuals 42 30,341
Eupterotidae Elevation G 36,850 7.30 =0.01
Season 2 11,992 713 =0.01
Elevation x Season 12 23,040 2.28 =0.01

Residuals 42 35,323
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TABLE S2. Results of sequential PERMANOVAs carried out separately
for fruit-feeding butterflies and moths collected in canopy and understory
on Mount Cameroon.

Taxon Source df  Sums of square Pseudo-F p

Fruit-feeding butterflies

Canopy Elevation [i] 274 420 3836 =0.01
Season 2 34043 14.27 =0.01
Elevation ¥ Season 12 G2 566 6.47 =0.01

Residuals 35 375,570
Understory Elevation 3] 534,520 93.808 =0.01
Season 2 34 655 18.265 <0.01
Elevation ¥ Season 12 136,240 11.558 =0.01

Residuals 315 208,830

Fruit-feeding moths

Canopy Elevation [i] 122 200 12255 =0.01
Season 2 19,791 5.9542 =0.01
Elevation ¥ Season 12 65 665 3.25926 =0.01

Residuals 35 523,500
Understory Elevation [i] 360,050 37.995 =0.01
Season 2 58,404 15.49 =0.01
Elevation ¥ Season 12 163,310 8.6167 =0.01

Residuals 35 497 500
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TABLE S1. Detailed results of the
Wilcoxon signed-rank tests of the

changes of the three measures of
species’ elevational ranges for all focal

of Lepidoptera on Mount
Cameroon. The first number gives the

V-statistic, while the second number
represents the p-value (W-D: Transition
from wet to dry season; Dry: Full-dry

season; D-W: Transition from dry to wet
season; © <0.06; * p <0.05; ** p <0.01;

APPENDIX S7. Detailed results of the Wilcoxon signed-rank tests of

seasonal shifts of species’ elevational ranges.
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CHAPTER IV

Patterns of moth diversity along a continent-
wide environmental productivity gradient in
south African savannahs

Delabye, S., Storch, D., Sedlacek, O., Albrecht, T., Hotak, D.,
Maicher, V., Toszogyova, A. & Tropek, R.

Manuscript

© S. Delabye

Four sites where moths were sampled along the productivity gradient. From the lowest
to the highest productivity sites: A) Namibgrens, B) Etosha, C) Bwabwata and D)
Chizarira.
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ABSTRACT

Unravelling global biodiversity patterns is one of the main goals of current
ecology. Environmental productivity, commonly defined as the amount of
biomass produced by primary producers within a given period and area, is
considered to belong among the main factors affecting local biodiversity.
However, reliable data on the relationship between productivity and
species richness of most organisms, including Lepidoptera, are largely
missing. Moreover, this relationship seems to be scale dependent. We
present moth biodiversity patterns along a continent-wide gradient of
environmental productivity in southern African savannah ecosystems, at
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local and regional spatial scales. Moths (Heterocera) were sampled along
a gradient of environmental productivity (quantified by Normalized
Difference Vegetation Index — NDVI) from the Namib Desert to woody
savannahs of the valley of Zambezi. By standardised light trapping, we
collected moths at 120 sampling plots within 12 localities along the
gradient, resulting in 12,372 specimens of ca. 487 (morpho)species. The
relationship between species richness of most of the focal groups and
environmental productivity was positively exponential at both local and
regional scales. Moreover, the absence of a relationship between
abundance and environmental productivity emphasized the number of
individuals as an irrelevant factor for shaping species richness patterns of
moths. The role of environment productivity in structuring of the moth
diversity patterns may be explained by the direct and indirect effects of
climatic covariates, such as temperature and water availability.

KEYWORDS

Abundance, Afrotropics, Heterocera, insect, large-scale patterns, light
trapping, Lepidoptera, NDVI, primary productivity, savannah ecosystems.

INTRODUCTION

Environmental productivity, defined as the rate of biomass production by
a given ecosystem, ranks among the most studied ecological factors
responsible for the global patterns of biodiversity (Waide et al. 1999;
Mittelbach et al. 2001; Gaston 2000; but see Storch 2012). It determines
availability of wvarious resources, which should drive intensity of
interspecific competition (Grime 1973), and consequently limit the
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maximum number of coexisting species (Hutchinson 1959; Wright 1983,
Hurlbert & Stegen 2014; Huston 2014).

However, the relationship of species diversity to environmental
productivity has been insufficiently studied and therefore remains highly
questionable (Mittelbach et al. 2001; Gillman & Wright 2006; Adler et al.
2011; Fraser et al. 2015). Mainly, this relationship has been showed as
highly variable across geographic scales. Environmental productivity (or
its surrogates; see Simova & Storch 2017) usually shows a positive linear
correlation with species richness at large (continent-wide or global) spatial
scales (e.g. Wright 1983; Waide et al. 1999; Hawkins et al. 2003; Gillman
& Wright 2006; Field et al. 2009). Nevertheless, several studies validated
a unimodal relationship (diversity first increases and then declines with
increasing environmental productivity) at local scales (Leibold 1999;
Dodson et al. 2000; Chase & Leibold 2002). Too high eutrophication of
the ecosystem at higher productive sites can cause a decrease in species
richness by reducing species dissimilarity between habitats or by the
presence of a few competitive species of a few competitive species in
communities. Nevertheless, such unimodal patterns were reported even in
some large-scaled studies, often in aquatic sytems (Guo & Berry 1998;
Mittelbach et al. 2001),

The More Individuals Hypothesis (MIH) has been suggested to
explain the positive linear relationship of species richness to
environmental productivity. It expects that environmental productivity
limits the number of species either through limiting the number of
individuals (Wright 1983; Srivastava & Lawton 1998) or the total niche
space (Schemske 2002). Although several studies found that species
richness has often been positively related to available energy, the number
of individuals, diversity patterns do not seem to be mediated by the number
of individuals (Currie et al. 2004; Simova et al. 2011, 2013; Storch 2012).
The MIH stays a strongly limited hypothesis at local scales, and most often
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its formulation even differs between authors (Simova & Storch 2017;
Storch et al. 2018).

The patterns of animal species richness along gradients of
environmental productivity vary among taxonomic groups, particularly in
relation to the differences in thermal physiology between endotherms and
ectotherms (Wiens 2007; Wiens et al. 2009, 2010; Buckley et al. 2012), as
predicted by the Metabolic Theory (Brown et al. 2004). Corroboratively,
species richness of endotherms was revealed positively correlated with
primary productivity, whilst species richness of ectotherms corresponded
more with temperature (Buckley & Jetz 2010; Buckley et al. 2012).

Based on vertebrate diversity patterns, environmental productivity
has also been suggested as a potential driver of insect diversity and
abundance (Lightfoot & Whitford 1991; Wenninger & Inouye 2008).
However, the lack of studies on this relationship are scare. Moreover, the
impacts of environmental productivity were often studied along latitudinal
and elevational gradients. At a global scale, insect species richness is
known to be highest in the tropics and to decrease towards the poles
(Wallace 1878; Kusnezov 1957; Kaspari et al. 2004; Schuldt et al. 2018),
although the pattern is reversed for ichneumon wasps (Janzen 1981),
aphids (Dixon et al. 1987) and sawflies (Kouki et al. 1994). Along
elevational gradients, the midpeak patterns of richness for moths were best
explained by area-integrated productivity, although the relationship
remained relatively weak (Beck et al. 2011; Levanoni et al. 2011). Because
latitude and elevation broadly covary with productivity, energy, insolation
and thermal seasonality, it is difficult to separate the possible effects of
productivity on those insect diversity patterns. When environmental
productivity is not studied along elevational or latitudinal gradients, either
a significant positive linear relationship (Bailey et al. 2004; Seto et al.
2004), or a weak positive linear relationship or no significant relationships
were found for butterflies (Kerr et al. 2001), ants (Kaspari et al. 2004) and
damselflies (Brasil et al. 2019) at local and regional scales. Regarding the
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insect beta diversity patterns, the relationship with environmental
productivity has not been studied along a latitudinal- or elevation-
independent gradient. However, the scale dependence of the productivity-
diversity relationship implies a positive relationship between
environmental productivity and beta diversity, as found for butterflies in a
temperate region along a latitudinal gradient (Andrew et al. 2011).
Similarly, little evidence for a relationship between environmental
productivity and insect abundance was found (Srivastava & Lawton 1998),
while a positive decelerating function of abundance was found at local,
regional, and continental scales in ant communities (Kaspari et al. 2000).

In the Afrotropics, only the patterns of sphingid moth richness has
been studied at a continental scale, evaluating environmental productivity
as one of the many factors, with a strong positive relationship with species
richness (Ballesteros-Mejia et al. 2013). Nevertheless, this study did not
work with the field data, but with modelled species distribution. This
highlights how poorly insect diversity patterns and productivity
relationships were studied in the Afrotropics, and particularly in
Afrotropical grassy biomes (Murphy et al. 2016; Delabye et al. 2020).

In this study, we focus on patterns of diversity and abundance of
adult moths along a continent-wide gradient of environmental productivity
in southern African savannahs, at local and regional scales. Moths are a
diverse group of commonly used bioindicators (Braga & Diniz 2018), with
an important position in ecosystem foodwebs, including herbivory, food
for many animals, or pollination. Therefore, their communities should be
closely related to the availability of energy and other related resources in
the ecosystems. We focused on the following questions: (1) Do
relationships between species richness and productivity differ at both local
(alpha diversity) and regional (gamma diversity) scales? (2) If so, how beta
diversity varies along the environmental gradient? (3) How abundance is
related to environmental productivity at both scales? We expected a
positive linear relationship of species richness at both scales. If the
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productivity—diversity relationship is scale-dependent, then the difference
in species composition among sites within regions should increase with
productivity. We also predicted a positive decelerating relationship
between the number of individuals and productivity.

MATERIALS AND METHODS

All fieldwork was conducted along a continent-wide gradient of
environmental productivity in southern Africa, from the deserts in western
Namibia, through semideserts and open savannahs in Namibia and
Botswana, to productive woodland savannahs in northwestern Zimbabwe.
Along this productivity gradient, we sampled moth communities at 12 sites
in open and semi-open natural habitats (Fig. 1; Table 1).
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Fig. 1. Studied sites in southern Africa sampled for moth communities
along the gradient of environmental productivity. Spatial distribution of
mean NDVI in the beginning of vegetation season (October to December)
is visualised. Site codes are reported in Table 1.
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At each sampling site, 10 plots were placed at least 1 km apart from
each other, forming a 10 km-transect, or two perpendicular transects in
some sites. Nocturnal moths were collected using portable light traps
(made by Hutur NGO, Hradec Kralove, Czechia, with 48 LED lights
arranged into two strips, prevailing UV light spectrum — 400 nm, 400 Im;
run by a 12 V battery). All sampling was conducted in the beginning of the
vegetation season, i.e. November and December. All captured moths were
euthanised by ammonium carbonate placed in a small mesh bag in each
trap. A light trap was exposed for a night (from dusk till dawn) at each
sampling plot. Moth specimens were immediately sorted out in the field,
dried by silicagel, and stored in paper envelopes. All individuals of the
target moth groups (Noctuoidea: Erebidae, Eutellidae, Noctuidae,
Notodontidae; Bombycoidea s.l.: Eupterotidae, Lasiocampidae,
Saturniidae, Sphingidae; Zygaenoidea: Limacodidae) were later mounted,
identified to species or morphospecies by combining morphological
characters and genitalia dissections, and counted. Specimens of
Geometroidea were counted but not identified, therefore this superfamily
was used only for analyses of abundances but not for analyses of species
richness. Vouchers were deposited in the Nature Education Centre of the
Jagiellonian University in Krakow, Poland.

Environmental productivity of each site was characterised by the
normalized difference vegetation index (NDVI; Rouse et al. 1974) for
quantifying remotely sensed vegetation greenness (Tucker et al. 1985). It
is a widely accepted proxy for environmental productivity, commonly
applied in many studies at different spatial scales in order to predict species
richness (Simova & Storch 2017). We used the NDVI values produced by
an extended 8-km Advanced Very High Resolution Radiometer (AVHRR;
Tucker et al. 2005). We used the average of monthly maximum NDVI
from the beginning of the vegetation season in the studied region (i.e. from
October to December) from years 1982—-2004 (Tucker et al. 2005). Each
sampling plot was characterised by three characteristics of environmental
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productivity (maximum NDVI, minimum NDVI, mean NDVI) of its 8-km
grid cell. Moreover, to partly describe the habitat complexity, individual
vegetation layer coverages were visually estimated at each plot during the
light traps setting, the values were averaged over the 10 sampled plots for
each site (Table 1). Finally, values of each characteristic were averaged for
the 10 plots of each site. We tested collinearity among all described
characteristics. Because virtually all characteristics were intercorrelated
(Pearson p < |0.5|; Table S1), we selected mean NDVI as the only proxy
for environmental productivity in our analyses.

Data analyses

We analysed the relationship of moth diversity with environmental
productivity in R 4.0.3 (R Core Team 2020). All analyses were firstly run
for the complete datasets (i.e. all moths for abundances, and all moths but
Geometroidea for diversity indices), followed by separate analyses of
particular moth groups to reveal potential different patterns between them.
Based on numbers of sampled species and specimens, we analysed
separately superfamilies Bombycoidea and Noctuoidea. Because families
Erebidae and Noctuidae (both belonging to Noctuoidea) were substantially
abundant in our material, and they are common focal groups for numerous
diversity studies, we ran additional separate analyses for them as well.
We tested the relationship to environmental productivity for alpha
diversity (calculated as a mean number of species sampled at individual
plots in each sampling site), gamma diversity (expressed as a number of
species sampled at all plots in each site), beta diversity (calculated as
gamma diversity divided by alpha diversity for each site) and abundance
(expressed as a number of all specimens sampled across all plots in each
site). Because we hypothesised the exponential relationships of these
response variables to environmental productivity, we log-transformed
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(x+1) them prior to analyses. We tested relationships of all four diversity
metrics of moth communities to mean NDVI by linear models (after visual
checking for the normal distribution in our data). Linear and unimodal
functions were fit in separate models.

For significant linear relationships (exponential relationships when
log-transformed), we compared the fit of log-transformed and non-
transformed species richness to check the validity of the exponential
relationships. To compare the inter-group relationships to primary
productivity, we compared slopes of their linear models using the smatr
package (Warton et al. 2012).

RESULTS

In total, 12,372 individuals of the focal moth groups were captured.
Among these, 9,048 individuals were identified to 487 species or
morphospecies within families (Noctuoidea: Erebidae, Eutellidae,
Noctuidae, Notodontidae; Bombycoidea  s.l.: Eupterotidae,
Lasiocampidae, Saturniidae, Sphingidae; Zygaenoidea: Limacodidae;
Table 2, Table S2), while 3,324 specimens of Geometroidea were counted
without further identification.

All studied groups showed significant positive linear or exponential
relationships of alpha and gamma diversities to mean NDVI, while the
unimodal relationships were never significant for alpha and gamma
diversities (Table 3, Fig. 2). For alpha diversity, the coefficients of
determination were slightly higher when species richness was log-
transformed and were greater than 60% for all families (without
Geometroidea), and for Bombycoidea, Noctuoidea, and Erebidae,
suggesting an exponential relationship between mean NDVI and alpha
diversity. Only Noctuidae showed a lower coefficient of determination
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(39%) with the linear relationship. For gamma diversity, both coefficients
of determination for log-transformed and non-transformed species
richness were comparable. Only Erebidae showed a better fit with the log-
transformed data (82% vs 69%) (Table 3). The test for a common slope
between the different groups did not show any difference from the
common slope (for alpha diversity: likelihood ratio = 0.98, p = 0.91, df =
4; for gamma diversity: likelihood ratio = 1.78, p = 0.78, df = 4).

Beta diversity did not show any significant relationship with mean
NDVI, except for Bombycoidea with beta diversity significantly linearly
correlated with mean NDVI (Table 3). Only Bombycoidea, Geometroidea,
and Noctuidae showed significantly positive linear relationships of their
abundances to mean NDVI (Table 3, Fig. 3). The correlations were weaker
for Geometroidea and Noctuidae (37 and 28% of explained variation,
respectively), while the abundance of Bombycoidea correlated better with
mean NDVI (57%). No significant unimodal relationships were detected.
When a common slope between the individual groups is tested, the slopes
of individual groups did not significantly differ from their common slope
(likelihood ratio = 2.41, p = 0.30, df = 2).
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Table 3. Coefficients of determination

(adjusted R?) between diversity indexes

(alpha diversity, gamma diversity, beta

diversity, abundance) and NDVI mean for
each focal group of moths. Values in bold
indicate: *p < 0.05; **p < 0.01, ***p
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Fig. 2. Effects of the mean NDVI on the species richness (alpha and
gamma diversities of the focal groups of moths sampled along the
environmental productivity gradient. Only the groups of moths, whose
relationships between alpha and/or gamma diversities and the mean NDVI
were significant, are visualized: a) all families, b) Bombycoidea s.1., ¢)
Noctuoidea, d) Erebidae, and e) Noctuidae. Shaded areas indicate 95%
confidence intervals. The adjusted R? and p-values are reported in Table
3.
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Fig. 3. Effects of the mean NDVI on abundances of the focal groups of

moths sampled along the environmental gradient. Only the groups of
moths, whose relationships were significant, are visualized: a)
Geometroidea, b) Bombycoidea s.l., ¢) Erebidae. Shaded areas indicate
95% confidence intervals. The adjusted R? and p-values are reported in
Table 3.
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DiscussioN

Moth species richness patterns were highly consistent among the
individual focal groups: there was an exponential growth of species
richness at local (alpha diversity) and regional (gamma diversity) scales
along the environmental productivity gradient, rejecting our hypothesis.
This result differed from other studies on insect species richness, which
found significant (Bailey et al. 2004; Seto et al. 2004) or weak positive
linear relationships or no relationships (Kerr et al. 2001; Kaspari et al.
2004; Levanoni et al. 2011; Brasil et al. 2019) at local and regional scales.
Several hypotheses focusing on the quantity and variability of energy and
resource availability could explain the increasing species richness of moths
with environmental productivity at local and regional scales. Species
richness of moths, as herbivores, depends on availability of food generated
through the primary productivity of plants. This refers to the productivity
hypothesis which stated that energy limits species richness through the
trophic cascades: higher primary productivity generates higher biomass
and can also cause the high plant diversity (Wright 1983). This also leads
to a higher complexity in the vegetation structure, offering more
microhabitats and resources for moths (Lawton 1983, Tews 2004).
However, the productivity-diversity relationships of herbaceous
vegetation are variable (Adler et al. 2011; Fraser et al. 2015), and it was
admitted that herbaceous vegetation biomass production is a poor predictor
of herb diversity (Simova et al. 2013).

On the other hand, plant diversity can be rather limited by solar
energy and water availability (Wright 1983; Mittelbach et al. 2001), which
would act indirectly on moth diversity. This energy hypothesis stated that
energy availability drives and maintain the species richness gradients: sites
with higher energy flow (e.g. evapotranspiration) host more species
(Wright 1983). Climatic conditions, such as temperature and precipitation,
are covariates of environmental productivity and they have been shown to
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be a better predictor of insect species richness at local and regional scales
than the primary productivity itself (Kaspari et al. 2004; Brasil et al. 2019).
Sites with higher precipitation and evapotranspiration generally host more
species (O’Brien 1998). The environmental productivity gradient studied
here is also a gradient of temperature and water availability (Davies 2011).
Water is a typical limiting factor for plant growth in arid and grassy
ecosystems, increasing plant biomass (Whitford et al. 1995), offering
moths protection from desiccation, favorable microclimatic conditions,
and water for their metabolism (Lightfoot & Whitford, 1991). As
ectotherms, moths are sensitive to the temperature their environment. They
may acquire less energy for their metabolism in sites with lower
temperature, limiting their activity. Temperature has also a positive effect
on metabolic rates of insects, leading to generation time shortening, and
accelerate the species diversification (Allen et al. 2007). Besides, the
climate seasonality or climate heterogeneity (in space and time) seem to
be the main driver of damselflies species richness in Brazilian savannahs,
as it generates greater niche and resource variability (Brasil et al. 2019). In
small geographic ranges, within tropical biomes, a greater diversity was
observed in heterogeneous climatic sites (Vieira et al. 2018).
Unfortunately, as we do not have any seasonal climatic data, we cannot
extrapolate this result to moth communities in this study.

In our study, environmental productivity was not related to any
significant patterns of abundance for most of the focal groups, and the
significant relationships (Geometroidea, Bombycoidea s.l., and Erebidae)
were relatively weak. This contradicts our expectations: a positive
(decelerating) relationship between abundance and environmental
productivity, as found by Kaspari et al. (2000) for ant communities. This
result has disproved the more individual hypothesis, in which
environmental productivity limits the number of species through the
number of individuals (Wright 1983; Srivastava and Lawton 1998). This
hypothesis suggested that the higher energy availability supports more
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individuals, which consequently generates communities with more species
with large and viable populations sizes (Simova et al. 2011) and decreasing
extinction probabilities (Evans et al. 2005). Similarly, weak or no
relationships have been also found between abundance and environmental
productivity, and species richness and abundance, in several ectotherm
taxa, including butterflies (Currie et al. 2004). This hypothesis involves
many problems in its definition and quantification of the energy
availability (see Storch et al. (2018) for a review). Moreover, insect
abundance can greatly vary at a given temporal scale (both intra and
interannual variability) and can mislead the role of abundance in insect
diversity patterns (Vagle & McCain 2020). As explained previously,
temperature and water availability may be better predictors of insect
abundance (Buckley et al. 2012).

CONCLUSION

Our study shown that environmental productivity structures exponential
growth of species richness patterns of Afrotropical moth communities in
savannahs at both local and regional scales. Covariates of environmental
productivity, such as temperature and water availability, are likely drive
those patterns. However, no significant patterns of moth abundance were
found for the entire communities, suggesting that abundance do not limit
species richness of moth communities in African savannahs. It also
indicates that generally, insect abundances are not robust estimates of
insect diversity patterns. Future research is also needed to ascertain the
degree to which our results can be generalised to other taxa in African
savannahs, especially at other trophic levels.
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SUPPLEMENTARY INFORMATION

Table S1. Pearson correlation coefficients of the habitat descriptors
characterized at each site. The variables are considered collinear if Pearson
p <10.5| (in bold). For details on particular variables, see Table 1.

" =30 cm =2m =z5m
Maximum Mean Minimum tan vegetation wegetation  vegetation
vegetation
HOWI HDVI NDWI Cover layer layer layer
cowver [%) cover [%) cover (%)
ean NDYI 1.00
Minimum NDWVI 0.98 099
Mean vegetation Cover 0.85 0BG D.BR
= 30 cm vegetation
0.80 D81 0.83 0.93
layer cover (%)
= 2 m vegetation
0.64 LGS 067 0.90 o.7e
layer cover (%)
< 5 m vegetation
0.70 (i 1] 0.72 0.84 0.6 0.73%
layer cover ()
BRI 0.75 0.76 076 0.60 0.50 040 035
layer cover (%)
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Table S2. Summary of species richness and abundance of the focal groups
of moths sampled along the environmental productivity gradient.

Groups Species Abundance
richness
All families 487 9048
All families + - 12372
Geometroidea
Geometroidea - 3324
Bombycoidea s./. 44 688
Noctuoidea 424 7924
Erebidae 153 2264
Eupterotidae 5 134
Eutellidae 1 350
Lasiocampidae 20 278
Limacodidae 19 436
Noctuidae 251 4984
Notodontidae 19 326
Saturniidae 8 40
Sphingidae 11 236
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CHAPTER V

Characterization and comparison of poorly known
moth communities through DNA barcoding in two
Afrotropical environments in Gabon

Delabye, S., Rougerie, R., Bayendi, S., Andeime-Eyene, M.,
Zakharov, E. V., deWaard, J.R., Hebert, P.D.N., Kamgang, R.,
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Moussavou, G., Moulin, N., Oslisly, R., Rahola, N., Sebag, D.,
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Characterization and comparison of poorly known moth
communities through DNA barcoding in two Afrotropical
environments in Gabon!

Sylvain Delabye, Rodolphe Rougerie, Sandrine Bayendi, Myrianne Andeime-Eyene, Evgeny V. Zakharov,
Jeremy R. deWaard, Paul D.N. Hebert, Roger Kamgang, Philippe Le Gall, Carlos Lopez-Vaamonde,
Jacques-Frangois Mavoungou, Ghislain Moussavou, Nicolas Moulin, Richard Oslisly, Nil Rahola,

David Sebag, and Thibaud Decaéns

Abstract: Biodiversity research in tropical ecosystems—popularized as the most biodiverse habitats on Earth—often neglects
invertebrates, yet invertebrates represent the bulk of local species richness. Insect communities in particular remain strongly
impeded by both Linnaean and Wallacean shortfalls, and identifying species often remains a formidable challenge inhibiting the
use of these organisms as indicators for ecological and conservation studies. Here we use DNA barcoding as an alternative to the
traditional taxonomic approach for characterizing and comparing the diversity of moth communities in two different ecosys-
tems in Gabon. Though sampling remains very incomplete, as evidenced by the high proportion (59%) of species represented by
singletons, our results reveal an outstanding diversity. With about 3500 specimens sequenced and representing 1385 BINs
(Barcode Index Numbers, used as a proxy to species) in 23 families, the diversity of moths in the two sites sampled is higher than
the current number of species listed for the entire country, highlighting the huge gap in biodiversity knowledge for this country.
Both seasonal and spatial turnovers are strikingly high (18.3% of BINs shared between seasons, and 13.3% between sites) and draw
attention to the need to account for these when running regional surveys. Our results also highlight the richness and singularity
of savannah environments and emphasize the status of Central African ecosystems as hotspots of biodiversity.

Key words: community ecology, DNA barcodes, Lepidoptera, taxonomic deficit, tropical Africa.

Résumé : La recherche sur la biodiversité dans les écosystémes tropicaux — présentés comme les habitats les plus riches en
biodiversité sur la Terre — néglige souvent les invertébrés qui constituent pourtant la part la plus importante de cette richesse
en espéces. Les communautés d'insectes en particulier sont particuliérement affectées par les lacunes de connaissances, tant
d'un point de vue taxonomique (le déficit Linnéen) que du point de vue de notre compréhension de la distribution des espéces
(le déficit Wallacéen), de telle maniére que I'identification des espéces demeure un défi considérable, limitant I'utilisation de ces
de ces organismes comme indicateurs dans le cadre d’études d’écologie et de conservation. Dans ce travail, les auteurs utilisent
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les codes-barres ADN comme alternative a I'approche taxonomique conventionnelle pour caractériser et comparer la diversité
des communautés de papillons de nuit au sein de deux écosystémes contrastés au Gabon. Bien que I'échantillonnage demeure
trés incomplet, comme en témoigne la grande proportion (59 %) d' especes presentes sous forme de singleton, les résultats
révelent une diversité extraordinaire. Avec ses 3500 spécimens sé és, 1 lob 1385 BIN (« Barcode Index Num-
ber », assimilés a des espéces) au sein de 23 familles, la diversité des papillons de nuit au sein des deux sites échantillonnés
est plus élevée que le nombre total d’espéces jusqu'alors répertoriées pour le pays entier. Ceci souligne les lacunes énormes
en matiére de connaissance de la biodiversité de ce pays. Le taux de remplacement des espéces, tant saisonnier que spatial,
est étonnamment élevé (18,3 % des BIN partagés entre saisons, 13,3 % entre les deux sites), ce qui indique la nécessité d’en
tenir compte lors de la réalisation d’inventaires régionaux. Ces résultats soulignent également la richesse et la singularité
des savanes et font ressortir le fait que les écosystémes de I'Afrique Centrale constituent des zones extrémement riches en

biodiversité.

Mots-clés : écologie des communautés, codes-barres ADN, 1

pidopteéres, déficit ta Afrique tropicale.

Introduction

Tropical ecosystems host unrivalled species richness (Kier et al.
2005; Myers 1984; Myers et al. 2000), a fact that has long captivated
public attention and raised concerns about the way to conserve
this immense biodiversity (Wilson 1988). Understanding of tropi-
cal biodiversity has historically been biased toward the largest
organisms such as angiosperms and vertebrates (May 2011), leav-
ing considerable gaps in our knowledge of hyperdiverse groups of
smaller animals, especially arthropods. These organisms are nev-
ertheless key to ecosystem functioning (Erwin 1983; Zhang 2011)
and the shortfalls in our taxonomic, biogeographic, and ecologi-
cal knowledge are strong impediments against the integration
of these organisms in conservation and management strategies
(Miller and Rogo 2002; Whittaker et al. 2005). Because the few
studies addressing this topic predict high extinction numbers for
insects (Fonseca 2009; Stork and Habel 2014), it is urgent to lift
“the curse of ignorance” (Diniz-Filho et al. 2010) by developing
multi-scale studies on insect diversity that benefit from the tech-
nological revolution of the “genomic era” (Godfray 2006; Wilson
2003) and its recent developments in biodiversity sciences (Hebert
et al. 2003a).

The Afrotropical region is one of the Major Tropical Wilderness
Areas on earth (Myers 1990; Wilson 2002), i.e., a large and highly
diverse area that has seen little impact from human activities
until recently (i.e., <5 inhab. km~2 and >75% of the original vege-
tation still present) (Mittermeier et al. 1998). However, recent es-
timates indicate that annual net deforestation of African tropical
rainforests, although less dramatic than in Latin America or
Southeast Asia, approached 0.3 million hafyear for the 2000—
2010 decade (Achard et al. 2014), which could have led to dramatic
biodiversity loss. As many as 100 000 insect species have been
reported from the area, but Miller and Rogo (2002) suggest that
species richness could exceed 600 000 species. In Gabon, a central-
African country which is still covered by 80% of tropical rainfor-
ests, insect inventories have only considered butterflies (vande
Weghe 2010), a few groups with limited number of species such as
Mantodea (Roy 1973; Moulin 2018), Lucanidae (Maes and Pauly
1998), or Apoidae (Pauly 1998), and groups with specific economi-
cal and (or) agronomical importance such as Pseudococcidea
(Hemiptera) and their parasitoids (Boussienguet et al. 1991). A few
studies have also targeted terrestrial arthropod assemblages
along human disturbance gradients (Basset et al. 2004, 2008).

Several authors emphasized the potential of using highly di-
verse groups, such as Lepidoptera, as environmental indicators
(Axmacher et al. 2004a, 2004b; Beck et al. 2013; Kitching et al.
2000; Ricketts et al. 2001). They are indeed key herbivores and an
important link within foodwebs as prey or as hosts for parasitoids.
Variation in the diversity and structure of lepidopteran commu-
nities is thus likely to be representative of changes at other

trophic levels. For instance, lepidopteran species depend on their
host plant species (or a few closely related plants), and in turn they
play a fundamental role as pollinators; this connects them closely
to plant community structure and composition (Ehrlich and
Raven 1964; Novotny et al. 2002b). On the other hand, trophic
cascades in food webs are likely to link both host plant and pri-
mary consumer assemblages to associated higher trophic levels of
predators and parasitoids. Surprisingly however, only a few stud-
ies have examined this group in the Afrotropics. The taxonomic
deficit and the high number of species that occur in those envi-
ronments are certainly important causes for this deficit, because
they impede reliable inventories and the description of commu-
nity patterns. In a recent study based on a substantial sampling
effort in Papua New Guinea (over 30 000 specimens collected over
several years), Ashton et al. (2015) found that no asymptote was
reached by species accumulation curves. These authors, however,
also suggested that more limited sampling could be efficient in
highlighting differences in the diversity and composition of moth
communities among distant localities.

In this study, we use DNA barcodes to document and compare
communities of moths in two differing ecosystems of Gabon. Sev-
eral recent studies have demonstrated the effectiveness of DNA
barcoding—a tool for species identification based on a short stan-
dardized DNA fragment (Hebert et al. 2003b)—in documenting
species diversity of lepidopteran communities in regions where
species assemblages are very diverse and when many species are
undescribed (Janzen et al. 2009; Lamarre et al. 2016; Lees et al.
2014; Zenker et al. 2016). With this approach we aim at evaluating
the sampling effort required to produce relevant census of these
communities, to document seasonal variation in community com-
position, and if species-turnover (B-diversity) as revealed from our
data are reflecting significant differences in richness and compo-
sition that can be linked to the different habitats sampled. Finally,
we discuss the contribution of our study to the current knowledge
of moth diversity in Gabon and in the Afrotropical region, with
special reference to information compiled in AfroMoths, an on-
line database of Afrotropical moth species (De Prins and De Prins
2017).

Material and methods

Study sites
Moths were collected at two locations (named Lopé 2 and Ipassa)
in the province of Ogooué-Ivindo, Gabon (Figs. 1 and 2):

The Lopé 2 site is situated in the northern part of Lopé National
Park, about 12 km south from Lopé village and the Dr. Alphonse
Mackanga Missandzou Training Centre (CEDAMM, Wildlife Conser-
vation Society; coordinates: 0°13'9.699"S, 11°35'5.6394"E; altitude:
300 m). Vegetation comprises a mosaic of forest and shrub savannah
(Fig. 2A). Shrub savannah is dominated by Poaceae and Cyperaceae
like Anadelphia arrecta, Andropogon pseudapricus, Schizachyrium
platyphyllum, Hyparrhenia diplandra, or Ctenium ii and by a
shrub layer with Crossopteryx febrifuga and Nauclea latifolia (White
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Fig. 1. Location of the study sites. Dark grey areas represent National P:
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arks in Gabon. The Ipassa site is located near Ivindo.
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Fig. 2. Photos of the two study sites and sampling methods: (A) View of the savannah-forest patchwork in Lopé National Park, showing the
position of the light trap (Lopé 2, November 2009); (B) Rainforests at Ipassa research station at the edge of the Ivindo River (November 2009);
(C) Light trapping at Lopé 2 in March 2011; (D) Tissue sampling for DNA barcoding during the ECOTROP field class in March 2011

A

and Abernethy 1997). Forest patches are mainly secondary to ma-
ture okoumé rainforests, the dominant forest type in western
Gabon, dominated by Aucoumea klaineana (“okoumé”), Lophira alata,
Desbordesia glaucescens, Scyphocephalium ochochoa, Dacryodes buttneri,
Santiria trimera, Sindoropsis le-testui, and Uapaca guineensis (Ben Yahmed
and Pourtier 2004; White and Abernethy 1997).

The Ipassa research station (Institut de Recherches en Ecologie
Tropicale) is situated in the northern part of Ivindo National Park,
12 km from the city of Makokou (coordinates: 0°30'38.1456"N,
12°48'1.2594"E; altitude: 500 m). The site is mainly surrounded by
mature Guineo-Congolean rainforest showing both Atlantic and
continental influences (Doumenge et al. 2004; Nicolas 1977; White
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1983), with Baphia leptobotrys and Millettia laurentii dominating the
tree cover, as well as Scorodophloeus zenkeri, Plagiostyles africana,
Dichostemma glaucescens, Santiria trimera, Polyalthia suaveolens, and
Poncovia pedicellaris (Fig. 2B).

The two sites are 160 km apart and share a similar seasonal cycle
typical of the equatorial transition zone, with short (January-
February) and long (June-September) dry seasons. The average
monthly temperature is 24 °C with a mean annual precipitation
of 1500 mm at Lopé and 1700 mm at Ipassa.

Moth sampling

Sampling was conducted at both sites in November 2009 and at
Lopé 2 in February-March 2011 during a field class organized in
the Lopé National Park (ECOTROP field class; http://davidsebagafrica.
free.fr/BlogScienceAfricalECOTROP/ECOTROP.html). We used a
standard light trap technique consisting of a 250 W UV (mercury
vapor) bulb placed 4-5 m above the ground to attract insects
(Figs. 2A and 2C). Two low voltage lamps (80 W) were positioned
on both sides of a vertical white sheet positioned below the UV
bulb. Specimens were collected during dark-moon phases from
dusk to dawn (18:00-06:00, local time) to collect species with vary-
ing flight times (Lamarre et al. 2015). Overall, four collecting
nights were carried out at each site in 2009 (10-14 November at
Lopé 2 and 14-18 November at Ipassa), and three additional nights
at the end of the short dry season at Lopé 2 in 2011 (27 February,
1 March, and 4 March). Our sampling design was therefore rele-
vant to compare observed communities between sites from the
samples collected during the rainy season in 2009, and to investi-
gate seasonal turnover at Lopé 2.

Our study focuses on macro-moths, i.e., moths whose wingspan
were >1 ¢m, which includes the nocturnal part of Macrolepidop-
tera as well as larger representative of non-macrolepidopteran
families (so-called Microlepidoptera), and excludes the smaller
species of other families of Macrolepidoptera. Each night, we sam-
pled specimens of as many species of macro-moths as could be
distinguished morphologically when collecting. Moths were killed
using a cyanide jar or by an injection of ammonia into the thorax for
larger species, and were placed in glassine envelopes marked with a
code unique to each sampling event. Specimens are currently depos-
ited in the Museum national d’Histoire Naturelle in Paris, where they
are available for further taxonomic study.

DNA barcoding and taxonomic assignments

The day after collecting, specimens were sorted into mor-
phospecies, i.e., groups of specimens that were readily distin-
guishable from their external morphology. A maximum of four
specimens per morphospecies and per collecting night were then
selected for molecular analyses. A small piece of tissue (generally
a complete leg or its tarsus for the largest species) was sampled for
each of them (Fig. 2D). DNA extraction was carried out at the
Canadian Centre for DNA Barcoding (CCDB) at the University of
Guelph following a standard automated protocol (Ivanova et al.
2006; Hajibabaei et al. 2005). Tissue lysis occurred in 50 pL of lysis
buffer and proteinase K (0.02 mg/pL) incubated at 56 °C overnight.
A 658 bp segment of the 5’ region of the COI mitochondrial gene
used as a standard DNA barcode was amplified through PCR using
the primer pair LepF1/LepR1(Hebert et al. 2004). Samples failing to
amplify after this first PCR pass were re-processed using the
primer sets LepF1/MLepR1 and MLepF1/LepR1 that target 307 and
407 bp overlapping fragments, respectively (Hajibabaei et al. 2006).
A standard PCR reaction protocol was used for all PCR amplifications
and products were checked on a 2% E-gel 96 Agarose (Invitrogen). Un-
purified PCR amplicons were sequenced in both directions using
the same primers as those used for the initial amplification, and
following standard CCDB protocols (http:f/ccdb.cafresourcesf)
(Hajibabaei et al. 2005). Trimming of primers, sequence editing,
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and contig assembly were carried out at CCDB using CodonCode
software (CodonCode Corporation, Centerville, MA, USA). All se-
quences were aligned and inspected for frame-shifts and stop
codons for removal of editing errors and possible pseudogenes,
and then uploaded in the Barcode of Life Data systems (BOLD,
Ratnasingham and Hebert 2007). All records—including specimen
and sequence data—can be accessed publicly in BOLD and
GenBank, and were assembled within BOLD dataset DS-LOPELEP1.

Species identification of specimens using either DNA barcodes
or morphology could not be achieved for all the specimens, be-
cause of the incompleteness of the current DNA barcode library
for the region, and because of the lack of taxonomic expertise for
many of the moths collected. Also, the use of provisional mor-
phospecies was intractable considering the large number of spec-
imens and the need for a thorough processing of individuals
(spreading of wings, genitalia dissections) for a reliable assess-
ment of observed species diversity (Zenker et al. 2016). As a conse-
quence, we used DNA barcodes to delineate molecular taxonomic
units (MOTUs) as a proxy for species. More specifically, we used
Barcode Index Numbers (BINs) derived from the automated MOTU
delineation tool implemented in BOLD (Ratnasingham and Hebert
2013), and which have already been used to consistently approximate
species in Lepidoptera (Hausmann et al. 2013; Kekkonen and
Hebert 2014). In two families, Saturniidae and Sphingidae, species
were carefully identified (by R.R. and T.D.) on the basis of mor-
phology and the results were used to test their correspondence
with BINs.

A “reverse taxonomy” approach (Markmann and Tautz 2005)
using DNA barcode results coupled with the BOLD identification
tool, as well as the topology of the NJ tree, failed to produce
species identification for most of our query sequences. However,
we were able to provide a family-level identification for the ma-
jority of individuals analyzed using either their general morphol-
ogy or DNA barcode analysis. For this second approach, the
richness of the BOLD DNA barcode library, with records for more
than 100 000 species of Lepidoptera, proved very useful using a
simple query for best close matches in the database. Instead of
applying a threshold to generate family (or occasionally subfamily
and genus) assignment, we verified the proposed assignments by
comparing images and, where relevant, by examining the speci-
mens and confirming the proposed taxon on the basis of its mor-
phology.

Community data analyses

The a-diversity at each site was assessed by plotting rarefaction
curves and their extrapolations for both species richness and sam-
ple coverage (i.e., a measure of sample completeness that esti-
mates the proportion of the total number of individuals in a
community that belong to the species represented in the sample),
using specimen numbers as a measure of sampling intensity.
These analyses were carried out using the iNEXT package (Hsieh
et al. 2014) for R 3.0.2 (R Development Core Team 2004). We then
used the vegan package (Oksanen et al. 2013) to calculate several
diversity indices: observed richness (defined as the total number
of observed BINs at a given sampling site or on a given date),
Chaol, ACE and second order jacknife diversity estimators, and
Fisher a-diversity index. We also used iNEXT to calculate the num-
ber of species observed given a constant level of sampling cover-
age, and vegan for the estimation of species richness rarefied to a
constant level of sampling intensity (i.e., a constant number of
specimens collected). We finally used fisherfit, prestonfit, and
prestondistr functions of vegan to plot rank-abundance diagrams
and fit Fisher’s logseries, Preston’s lognormal, and truncated log-
normal models to abundance data for each sampling site.

To assess B-diversity among sampling sites (for samples col-
lected in 2009) and seasons (at Lopé 2 site only), we calculated an
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Table 1. Number of individuals and number of BINs collected for different families and subfamilies of macro-moths at the two study sites and for
two seasons at Lopé 2, and number of species listed in the AfroMoths online database (De Prins and De Prins 2017) for the same families and

subfamilies.

Ipassa (WS) Lopé (WS) Lopé (DS) Lopé Total AfroMoths*

No. of No. of No. of No. of No. of No. of No. of No. of No. of No. of No. of

individuals BINs individuals BINs individuals BINs individuals BINs individuals BINs species
Bombycidae 2 2 — — — — — — 2 2 0
Brahmaeidae 2 1 2 1 —_ - 2 1 4 1 0
Cossidae 6 5 5 4 8 4 13 8 19 i 1
Crambidae 17 14 73 31 19 16 92 43 109 52 9
Drepanidae 6 4 — — 1 1 1 1 4 5 9
Erebidae (Arctiinae) 198 71 131 41 75 37 206 65 404 13 103
Erebidae (Erebinae) 75 38 71 24 47 34 118 46 193 72 42
Erebidae (Lymantriinae) 220 103 47 32 79 54 126 73 346 164 17
Other Erebidae 61 33 102 18 22 18 124 32 185 60 97
Eriocottidae - —_ 2 2 - _ 2 2 2 2 2
Eupterotidae 13 10 22 3 5 3 27 5 40 15 32
Euteliidae —_ — 1 1 4 2 5 2 5 2 5
Geometridae 293 153 130 63 17 62 247 107 540 220 175
Lasiocampidae 88 55 80 42 74 36 154 61 242 101 68
Lecithoceridae — — 1 1 2 1 3 2 3 2 0
Limacodidae 31 15 20 14 8 7 28 18 59 30 25
Noctuidae 199 125 103 66 95 69 198 124 397 224 69
Nolidae = = 2 2 = = 2 2 2 2 22
Notodontidae 155 77 72 31 45 27 n7 49 272 104 180
Psychidae 1 1 2 2 6 4 8 4 9 5 8
Pyralidae 65 29 82 37 25 18 107 49 172 70 6
Saturniidae 62 32 79 31 36 9 115 33 177 43 110
Sphingidae 98 44 58 28 m 40 169 47 267 66 124
Thyrididae 4 4 18 1 — - 18 1 22 5 34
Tineidae — —_ 2 1 — — 2 1 2 3 3
Tortricidae 5 4 — — 1 1 1 1 6 5 9
Uraniidae == = 1 1 = &= i 1 1 1 1
Zygaenidae 1 4. — — — — 0 — 1 1 7
Not identified 2 2 4 4 4 4 6 6 —
Total 1604 823 1110 481 780 443 1890 782 3494 1385 1258

Note: WS, wet season; DS, dry season.
*Apr.18th, 2017 (subspecies removed).

average Sorensen’s index of dissimilarity using the package vegan
(Oksanen et al. 2013):

Buc = (b + 0)f2a + b+ ¢

where a is the number of species (here BINs) shared between two
sites B and C, and b and ¢ are the numbers of unique BINs for sites
Band C.

We used the betapart package to decompose B-diversity into
two components (Baselga 2010): nestedness (i.e., when the compo-
sition of communities with a smaller species number is a subset
of a richer community), which reflects non-random processes of
species loss, and spatial turnover, which results from species re-
placement as a consequence of environmental sorting or spatial
and historical constraints (Qian et al. 2005; Ulrich et al. 2009;
Wright and Reeves 1992). Analyses of B-diversity were carried out
with and without singletons (i.e., BINs represented by a single
specimen in the dataset), as their inclusion can lead to overesti-
mation of B-diversity.

Results

Species richness at the regional scale

‘We obtained 3494 (97.7%) sequences from the 3576 specimens
selected for DNA barcoding. These sequences included represen-
tatives of 1385 BINs representing 23 families of Lepidoptera

(Table 1; Fig. 3), and only six specimens (6 BINs) could not be
identified to family level. Noctuidae, Erebidae, and Geometridae
represented about one third of the BINs and sampled individuals
(Fig. 3), whereas 10 other families were each represented by less
than 10 specimens. More than half of the BINs (796 in total, 59%)
were represented by a single individual in our data set (i.e.,
singleton).

Morphological examination of specimens in the families Satur-
niidae (177) and Sphingidae (267) led to the distinction of 42 and
63 species, respectively, of which only two (in family Saturniidae)
could not be identified to species and were given provisional
names (Orthogonioptilum mgab_RRO01 and Dogoia mgab_RR01). The
correspondence between morphologically assigned species and
BINs was nearly perfect: 42 species versus 43 BINs in Saturniidae
(98%) and 63 versus 66 in Sphingidae (95%) (see DNA barcode NJ
trees in the Supplementary data File S12 and File S22). In other
families, 112 species (representing 121 BINs) were formally identi-
fied by taxonomic experts (see acknowledgments) or through
DNA barcode matches in BOLD. Overall, with Saturniidae and
Sphingidae included, these species represent about 16% of all BINs
(230/1385).

Comparison between the number of BINs observed in our study
and the list of recognized species and subspecies for Gabon, as
derived from AfroMoths (De Prins and De Prins 2017), revealed the
strong taxonomic deficit and the lack of exploration (i.e., bio-

'y data are

ilable with the article through the journal Web site at http:/[nrcresearchpress.com/doi/suppl/10.1139/gen-2018-0063.
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Fig. 3. Diversity and composition of the macro-moth sample at the two study locations (Lopé 2 and Ipassa): the circular phylogram represents

the results of a Neighbor-Joining analysis in BOLD of 3494 COI sequences clustering into 1385 BINs; b d ined for

from

Ipassa are in green and those from Lopé 2 in grey. The pie chart represents the relative contribution (ordered) of the different families and
subfamilies (for Erebidae) of moths collected in the two sites; numbers within brackets indicate the number of BINs and number of specimens

sampled, respectively.
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diversity surveys, collecting activities) that characterizes moth
diversity in the Afrotropics (Fig. 4). Afromoths is based on the
survey of 7355 published sources for the whole Afrotropical
region (as of 8 August 2017) and the authors’ own studies. It lists
1301 moth species and subspecies for Gabon, belonging to 36 fam-
ilies. Our survey, limited to macro-moths collected during only 11
nights at two sites, revealed 1385 BINs in just 25 families. Three
families (Bombycidae, Brahmaeidae, and Lecithoceridae) detected
in our study lack published records for Gabon in AfroMoths. For 10
of the 22 other families, the number of BINs recorded in our study
exceeded the number of known species (Fig. 4). Large differences

were observed for Cossidae (1 species in AfroMoths vs. 11 BINs),
Crambidae (9 vs. 52), Erebidae (309 vs. 369), Geometridae (184 vs.
220), Lasiocampidae (68 vs. 101), Noctuidae (71 vs. 224), and Pyralidae
(6 vs. 70), which may represent the most understudied families or
those yet incompletely surveyed in AfroMoths.

In the few families that are well studied for this region, we
collected approximately half the known number of species (48.2%,
sd = 6.9, N = 4), including Saturniidae (43 BINS versus 110 species
listed in AfroMoths, 39%), Eupterotidae (15 vs. 32, 47%), Sphingidae
(66 vs. 124, 53%), and Lasiocampidae (101 vs. 188 as listed by P. Basquin,
personal communication, 54%).
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Fig. 4. Comparisons between the number of BINs observed in this study for 28 families and subfamilies of macro-moths (dashed bars) and the
number of species reported from Gabon in the AfroMoths online database (grey bars; De Prins and De Prins 2017).
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Species richness and diversity patterns between sampling sites

Our survey revealed a total of 823 BINs (1604 specimens ana-
lyzed) and 782 BINs (1890 specimens analyzed) at the Ipassa and
Lopé 2 sites, respectively (Table 1; Fig. 3). Sampling resulted in a
high proportion of singletons at both sites (64% and 59% of BINs at
Ipassa and Lopé 2, respectively; 57% of all BINs when combining
the two sites), and the distributions of BIN abundance are a strong
fit to a log-series model (File $3?). While observed richness was simi-
lar between the sites, we collected fewer BINs at Lopé 2, despite
collecting three additional nights in this site during the dry season.

For comparison of the two sites, we only considered specimens
collected during the wet season when sampling efforts were iden-
tical. The four collecting nights at each site resulted in the capture
0f 1604 and 1110 specimens, which belonged to 823 and 481 BINs
for Ipassa and Lopé 2, respectively (Table 2). Richness estimators
indicate that species richness ranged between 1250 and 1850 species
at Ipassa and between 700 and 1200 species at Lopé 2. Rarefaction
curves clearly show a higher richness at Ipassa (Fig. 5A), while
sampling coverage rate was slightly higher at Lopé 2 (73% vs. 68%
at Ipassa) (Table 2; Figs. 5B and 5C). Overall, the moth communi-
ties at both sites showed a similar relative abundance of the dif-
ferent families, both in terms of specimen numbers and BINs,
although observed richness in the most diverse families was con-
sistently higher at Ipassa, with the exception of Crambidae and
Pyralidae, which had more BINs at Lopé 2 (Table 1).

Comparison of BINs collected during the wet season at Lopé 2
and Ipassa revealed only 158 BINs shared by the two sites, 13.8% of
the total number analyzed. Serensen’s index of B-diversity calcu-
lated between the two sites was 0.76 for the whole dataset and
0.42 after singletons were removed (Table 3). In both cases,
B-diversity was mainly explained by spatial turnover (71.0% and
67.6%, respectively) and to a lesser extent by nestedness (29.0% and
32.4%).

1 ch

C in moth bl at Lopé 2
We generated DNA barcodes for 1110 and 780 specimens from
Lopé 2 during the rainy and the dry seasons, respectively. Ob-
served richness during the wet season was slightly higher
(478 BINs versus 441 BINs during the dry season), but this trend

was reversed after rarefying richness to a constant sampling effort
or a constant sampling coverage. Rarefaction curves and diversity
estimators were also quite similar, the latter ranging between 650
and 1100 for both seasons (Fig. 5).

During the dry season, we collected moths belonging to 17 fam-
ilies versus 21 families during the wet season. Seven families were
not shared between the two sampling seasons, but all were repre-
sented by few BINs (maximum 2) and individuals (maximum 2),
excepting one BIN in the family Thyrididae for which 18 speci-
mens were collected in the wet season. Overall, the diversity for
each family was similar for the two sampling periods (Table 1)
with a few exceptions: the Crambidae (31 vs. 16 BINs), Pyralidae (37
vs. 18), and Saturniidae (31 vs. 9), which were all more diverse
during the wet season, and the Sphingidae (40 vs. 28) that was
more diverse during the dry season. Out of a total of 782 BINs, 144
(i.e., 18.5%) were found during both the rainy and the dry seasons.
Sorensen’s index of dissimilarity between seasons was 0.69,
largely explained by temporal turnover (95.4%), but it dropped to
0.23 and was evenly explained by turnover and nestedness after
removing singletons from the data set (Table 3).

Discussion

DNA barcodes for the study of moth diversity in the tropics
Overall, we documented in our study a number of molecular
units (BINs) that was higher than the total number of species
listed for the country in AfroMoths, including three families not
documented so far (De Prins and De Prins 2017). Considering the
relatively shallow geographical range and temporal extent of our
study, this result highlights the weakness of the current knowl-
edge of moth diversity in the Afrotropics, despite the remarkable
efforts by De Prins and De Prins (2017) to synthesize and centralize
this knowledge in AfroMoths. Our results clearly highlight the
value of DNA barcoding for producing a rapid and accurate census
of moth diversity in a poorly studied tropical region. Because this
approach facilitates comparisons between sampling campaigns
through barcode matches (as exemplified here between sites, but
it can also be applied between countries as currently in progress
with a similar campaign in Central African Republic), its system-
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Table 2. Summary of macro-moth data sets collected at the two study sites and for two seasons at Lopé 2 (numbers in parentheses represent the
95% confidence intervals based on a bootstrap method with 200 replications).

Ipassa (WS) Lopé (WS) Lopé (DS) Lopé
No. of individuals collected 1604 1110 780 1890
Observed richness 823 481 443 782
Proportion of singletons (%) 63.85 63.61 64.93 59.31
Sampling coverage (%) 67.32 (+2.95) 72.44 (£2.27) 63.14 (+3.02) 75.54 (£1.77)
Richness at constant sampling coverage of 50% 469.2 (+13.8) 197.6 (+7.0) 313.7 (¥12.9) 330.4 (£7.6)
Richness at constant sampling intensity of 1000 individuals 599.1(+8.9) 4499 (+4.4) 511.4 (£25.6) 521.5 (£9.5)
Chaol estimated richness 1837.0 (+130.6) 1011.6 (+107.9) 869.5 (£70.9) 1513.4 (£96.5)
ACE estimated richness 1849.4 (+27.6) 1120.6 (£20.7) 1054.4 (+22.9) 1629.5 (£26.2)
First order jacknife estimated richness 1269.2 (£286.2) 728.5 (¥169.7) 663.7 (+166.9) 1211.4 (£197.0)
Fisher alpha 678.3 (+36.5) 318.2 (+21.0) 419.3 (32.3) 4915 (25.0)

Note: WS, wet season; DS, dry season.

Fig. 5. Individual-, sample-, and coverage-based rarefaction and extrapolation curves for the two study sites and for two seasons at Lopé 2
(DS, dry season; WS, wet season): (A) Size-based rarefaction and extrapolation curves; (B) Sample coverage plotted against the number of
individuals; (C) Coverage-based rarefaction and extrapolation (rarefaction curves are represented in solid lines, extrapolation curves in dashed
lines; shaded areas represent a 95% confidence intervals based on a bootstrap method with 200 replications).
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Table 3. Comparison of macro-moth species assemblages between
the two study sites and for two seasons at Lopé 2 showing the Serensen
index of dissimilarity (with singletons removed or not from the data-
set) and its partitioning into geographicalfseasonal turnover and
nestedness.

Sorensen Turnover (%) Nestedness (%)

Ipassa vs. Lopé 2 0.75 70.97 29.03
Same without singletons  0.40 67.57 32.43
Wet vs. dry season (Lopé 2) 0.69 95.39 4.61
Same without singletons 0.23 54.76 45.24

atic implementation would represent a powerful mean to address
both the Linnean and Wallacean shortfalls (Lomolino 2004), i.e.,
the inadequacies in taxonomic and distributional knowledge that
characterise most invertebrate taxa in poorly studied regions
such as the Congo basin (Whittaker et al. 2005).

In our study, the large number of BINs without taxonomic as-
signation at species level (1155 out of 1385) corresponds both to
already known species not yet documented in the BOLD libraries
and to species that are new to science. The number and propor-
tion of the latter remains unclear and further study by expert
taxonomists of the specimens collected is needed, as well as con-
tinued efforts to populate DNA barcode reference libraries. In
addition, the inflation of species numbers in many families may
reflect an incomplete census of Gabonese records in past studies,
a considerable task initiated in Afromoths, but certainly suffering
from the absence of recent dedicated efforts to synthesize lepi-
dopteran diversity data for this country. The bombycid Amusaron

# of individuals

Sample coverage

kolga (Druce, 1887) and brahmaeid Dactyloceras lucina (Drury, 1782)
for instance represent new records for their respective families in
Gabon, but they are species known to occur in neighbouring
countries of the Congo basin (De Prins and De Prins 2017). In
Lasiocampidae, the number of species listed in AfroMoths (68) is
identical to the number of species reported from an independent
literature survey by a specialist of this family on the African con-
tinent (P. Basquin, personal communication). Furthermore, this
same taxonomic authority (unpublished results) has recorded ap-
proximately 188 Gabonese lasiocampid species in natural history
collections worldwide, which clearly demonstrates how insufficient
the published data are for this family at the regional scale and is
consistent with the number of BINs (101) reported in our study.

The very close fit we found between species names and BINS in
the families Saturniidae and Sphingidae supports previous assess-
ments of BINs as good proxies for species in Lepidoptera where
empirical studies (e.g., Hausmann et al. 2013) revealed only few
occurrences of discrepancies between morphologically identified
and molecular species (for instance one species divided in two or
more BINS, or multiple species merged within a single BIN; see
Ratnasingham and Hebert 2013). Within the two families thor-
oughly investigated here, mismatches between BINs and species
are cases where supposedly well-defined morphological species
appeared to be split into two or three distinct BINs. These require
further study using an integrative approach and may represent
cases of cryptic species, i.e., species that cannot be distinguished
from morphological characters, or that present subtle morpho-
logical and (or) ecological traits previously ascribed to intra-
specific variation or thought to be insignificant for species-level
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recognition (Janzen et al. 2009, 2012; Rougerie et al. 2014). Alter-
natively, these BIN “splits” may also cause an overestimation of
species diversity if they represent cases of pseudogene amplifica-
tion (although this is considered unlikely here because of the
absence of indels, stop codons, or unusual amino acid substitu-
tions), insufficient sampling of genetic variation biasing BIN as-
signments, or Wolbachia infections isolating lineages within
species (Smith et al. 2008). Geographical structure of populations
in poorly mobile species could also cause strong genetic structure
that may inflate the number of BINs per species, but we consider
this unlikely in the present study because of the small geograph-
ical distance between sampled sites, the absence of geographical
barriers, and the generally high vagility of moth species. DNA
barcoding has revealed many cases of cryptic diversity in Lepidop-
tera since its broad integration in the taxonomic toolbox of lepi-
dopteran taxonomists (e.g., Vaglia et al. 2008; Rougerie et al. 2012,
2014) and we consider it is very likely that speciose and less stud-
ied families such as Erebidae, Geometridae, and Noctuidae will
also reveal many such cases, leading to an increase of species
numbers in these groups compared to available checklists only
based on morphologically recognized species.

Moth diversity at Ivindo and Lopé National Parks

Among the 1385 BINs found in our samples, 796 (i.e., 58% of the
total) were represented by a single specimen, which is a high
singleton proportion compared to the average of 32% found by
Coddington et al. (2009) in a review of tropical arthropod studies.
There are little or no biological explanations for the high propor-
tion of rare species usually found in tropical insect surveys
(Novotny and Basset 2000). Rather, this pattern can be attributed
to undersampling of highly diverse communities (Coddington
et al. 2009), suggesting that caution should be taken when inter-
preting the observed patterns of community composition and
structure. It also suggests that the estimates of species richness
derived from our results probably represent a low estimation of
the actual diversity of these ecosystems. Both rarefaction curves
and sampling coverage indices (Fig. 5; Table 2) support this idea,
suggesting that at least twice the number of collected species may
occur in the study area.

We found only a few studies that assessed moth local richness
in tropical rainforest or savannah ecosystems and that can be
readily compared with our own results. Ashton et al. (2015) sam-
pled 791 to 2795 species and produced Chaol estimates ranging
from 1478 to 3666 among three rainforest locations in Malaysia. In
Costa Rica, Janzen et al. (2009) published a census of 2349 species
using a DNA barcode-based assessment of macro-moth assem-
blages in the Area de Conservacién Guanacaste (see also Janzen
and Hallwachs 2016). On the other hand, Hawes et al. (2009) re-
ported 98 species of Arctiinae (Erebidae), 43 of Saturniidae, and
5 of Sphingidae in a primary forest area of Brazilian Amazonia,
which is well below our findings in the present study. Variations
in the number of species observed among studies are however
difficult to interpret, because they can both reflect real differ-
ences in species diversity, but can also be biased by differences in
sampling efforts and (or) sampling performed in different sea-
sons. In fact, the moth sampling by Ashton et al. (2015) and Hawes
et al. (2009) was done through 264 and 30 collecting nights per
study site, respectively, while the survey of Janzen et al. (2009) was
conducted over decades and involved additional sampling meth-
ods (in particular, the mass rearing of caterpillars). Comparing the
results obtained in different studies and with different sampling
intensity requires standardization through rarefaction procedure
(Gotelli and Colwell 2001). Applying this approach to the data
from Ashton etal. (2015) produces a result different from what can
be directly deduced from observed richness (A. Nakamura,
L.A. Ashton, R.L. Kitching, personal communication). For in-
stance, species numbers in their Malaysian sites ranged from 290
to 475 after standardization to a constant sampling effort of
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1000 individuals, and from 100 to 270 at a constant sampling
coverage of 50%, which was lower to what we found in our two
study sites (Table 2). This suggests that Central African rainforests
may represent an important hotspot for moth diversity.

Variation in moth diversity and composition among study sites

Our analyses of moth assemblages during the rainy season in
the rainforest of Ipassa and the savannah-forest landscape of
Lopé 2 unveiled significant differences in both species diversity
and composition. As expected from differences in vegetation cov-
erage, the observed and estimated richness were both higher at
Ipassa. Plant diversity is indeed higher in the rainforest landscape
of Ipassa than in the shrubland savannahs and peaty marshes that
dominate the landscapes of the northern part of Lopé National
Park (White and Abernethy 1997). In addition, despite presenting
a comparable structure, forests at Ipassa are more humid and
present higher tree diversity when compared with the gallery
forests of Lopé 2. These features presumably offer a broader diver-
sity of ecological niches in terms of trophic resources and micro-
habitats, in particular via the important diversity of epiphytes and
lianas (Ben Yahmed and Pourtier 2004).

Difference in species assemblage composition among sites was
high, with only 13.3% of BINs found in both. This high B-diversity
was mainly attributed to spatial turnover, meaning that under-
sampling may only weakly account for this variation. This is in
contrast with other studies that reported relatively low B-diversity
of insect herbivores in comparable tropical rainforest habitats
(Basset et al. 2012; Novotny et al. 2007). This also concords with
other studies having reported high species turnovers among sites
as long as these comprised enough variability in vegetation types
(Beck and Vun Khen 2007; @degaard 2006). In fact, contrasted
composition of dominant forest tree species among our study
sites may have selected for different assemblages of herbivorous
species, as leaf-<chewing insects are usually specialized on a single
genus of host plants (Novotny et al. 2002a, 2002b). Similarly, the
presence of herbaceous ecosystems and secondary forests at
Lopé 2 may have also driven the presence of specific species as-
semblages associated with these open habitats. The high diversity
of Crambidae and Pyralidae observed at this site compared to
Ipassa could for instance be linked to species preferences within
these groups for herbaceous host-plants (Kitching et al. 2000).

Even if additional sampling is necessary to confirm this finding,
these preliminary results suggest that landscapes dominated by a
savannah-forest patchwork may host substantial levels of herbivore
insect diversity with a high compositional specificity at species level
compared to typical tropical rainforests. This argues in favor of a
better consideration of savannah ecosystems in both global esti-
mates and conservation strategies of insect biodiversity.

Seasonal variation of moth assemblages

At Lopé 2 we found little difference in species richness of moth
assemblages collected during the rainy and the dry seasons. In
contrast, BINs compositions clearly differed from one season to
the other, with only 18.3% of the BINs collected being observed in
both seasons, and this temporal B-diversity being clearly ex-
plained by seasonal turnover rather than by nestedness (Table 3).
Composition may simply be influenced by the level of vegetation
development during the seasonal cycle, which is well known to
influence the phenology of lepidopteran species, or by different
climatic preferences linked to the feeding and (or) reproductive
activity of the moths.

From a methodological point of view, these results highlight
the importance of standardizing the period of sampling to pro-
vide fully comparable results among different localities. They also
suggest the need of sampling different seasons to obtain a reliable
inventory of species at a given study site, as the assemblages ob-
served at the rainy season (the usually preferred period for moth
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collecting) clearly do not provide a representative overview of the
actual species composition of the focal community.

Conclusion

Our study highlights the usefulness of utilizing DNA barcodes
for performing rapid analyses of taxonomic diversity and compo-
sition of moth assemblages in poorly studied areas. It also stresses
the need to accelerate biodiversity inventories in those areas that
have been insufficiently explored regarding moths and other
poorly studied invertebrates. Central Africa clearly is one of those
areas and our results represent the first robust of
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moth diversity in Gabonese forests and savannahs, highlighting a
strongly understudied fauna. The material collected and the DNA
barcode library released with this study are thus important con-
tributions and we expect that they will serve the development of
knowledge on the diversity and distribution of African moths. In
general, studies combining molecular data and traditional taxo-
nomic expertise are critically needed to better document inverte-
brate communities in tropical areas, especially in the regions
where anthropogenic pressures are high and where species ex-
tinctions remain unaccounted for because species simply remain
undocumented.
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Dorsal (A) and ventral (B) view of Hypopyra africana (Kirby, 1896), new country record
in Zimbabwe. © P. Potocky
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Abstract

Background

Southem Africa hosts a high diversity of ecosystems and habitats with a fremendous
diversity of Lepidoptera. Although it is one of the most studied parts of the Afrofropics, the
knowledge on diversity and distribution of south African moth fauna remains insufficient. To
partly fill this gap, we surveyed macromoths by automatic light fraps in five localities in two
relatively less sampled south African countries.

New information

We reported six species and one genus (Remigioides) of moths which had not yet been
recorded in Namibia or Zimbabwe. Although none of these records broadened the known
distnibution of individual species to a new biogeographical region, they still fill important

@ Delabye S et al. This is an open acoees article distributed under the terms of the Creative Commons Attribution License (CC BY
4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are
credited.
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gaps in their distnbutions. The known distributional ranges of two species have been
substantially extended, although they are sfill within the same biogeographical regions: ca.
800 km southwards for Remigioides remigina (Mabille, 1884) and ca. 600 km westwards
for Haplopacha cinerea Aurivillius, 1905.

Keywords

Afrotropics, faunistic report, light trapping, savannahs, southern African region, Zambezian
region

Introduction

The south African countries offer a wide vanety of biomes, from deserts and grasslands to
woodland savannahs. Some of them are considered to be biodiversity hotspots, such as
the Succulent Karoo, the Cape Floristic Province and the Maputaland-Pondoland-Albany
(Myers et al. 2000, Mittermeier et al. 2004). Besides these unique ecosystems, most of
southem Africa is covered by open and woodland savannahs belonging to two distinct
bioregions: the Southemn African region and the Zambezian region (Linder et al. 2012). For
some taxa (including many groups of plants, mammals and birds), parts of these
savannahs are known to harbour a species richness similar to Afrotropical rainforests
(Murphy et al. 2016).

However, knowledge on the diversity and distribution of macromoths (Lepidoptera:
Macroheterocera, hereinafter referred as moths) in these regions is uneven. Due to the
long tradition of entomological research, the moth fauna of South Africa is relatively well
known, with ca. 7,300 taxa identified in De Prins and De Pnns (2020). In comparison, the
neighbouring countries of Namibia and Zimbabwe are only represented by ca. 1,500 and
3,000 moth taxa, respectively, in the same database.

Our recent sampling of moths in savannahs of Namibia and Zimbabwe resulted in more
than 12,000 trapped individuals. Amongst these, we identified six moth species recorded
for the first time in one or the other of the two countnes. Here, we present the sampled
material of these six species, with remarks on their general distribution and their reported
expansion.

Materials and methods

All reported moth specimens were collected in five localities in Namibia and Zimbabwe
(Figs 1, 2, Table 1) in 2016 and 2017. The nomenclature for biogeographical region follows
Linder et al. (2012). Vegetation units are based on Burgess et al. (2004), Sayre et al. 2013,
Heppner (1991) and Hacker (2019) (Table 1).
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Figure 2.

Selected sampled habitats.

a: Mosaics of Vacheliia woodland, mixed with mopane ( Colophospermum mopane) and
Baikiaea and microphyllous savannahs (Grootfontein). [T}

b: Dry savannahs and shrubs with scattered trees (Namibgrens). [L]

c: Mosaic of miombo woodland, savannahs and shrubs and mopane (C. mopane) woodlands
(Hwange). [

d: Mosaic of mopane (C. mopane) woodland, grasslands and Baikiaea plurjuga forests
(Bwabwata National Park, Victoria Falls). [Ti]

All moths were attracted by light. The traps consisted of a two-sided strip of 48 LEDs
emitting UV light and powered by 12V batteries placed at the intersection of three
plexiglass panels placed on top of a plastic bucket. Attracted specimens were
anaesthetised by ammonium hydrogen carbonate. More than 12,000 individuals were
trapped. Nine families were focused on (i.e. Erebidae, Eutellidae, Noctuidae, Notodontidae,
Eupterotidae, Lasiocampidae, Saturniidae, Sphingidae and Limacodidae) and, after
removing non-focused groups (mainly Geometridae), our dataset comprised 9,048
specimens belonging to 488 species or morphospecies, based mostly on extemal
morphology using various available literature, including numerous online resources.
Genitalia dissection was done when needed and the exhaustive collection in the Nature
Education Centre (Krakow, Poland) was consulted for confimation of some species
identification. From this material, six reliably identified species appeared to be new country
records; these are included in this report.

Nomenclature and distribution of the reported species were based on the AfroMoths online
database (De Prins and De Prins 2020), on the Global Biodiversity Information Facility data
infrastructure (GBIF.org 2020), on the LepiMAP database (LepiMAP 2014) and on the
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Barcoding of Life Data System (Ratnasingham and Hebert 2007). The voucher material is
deposited in the Nature Education Centre of Jagiellonian University in Krakow, Poland.

Taxon treatments

Plecoptera sarcistis Hampson, 1910

Nomenclature

Erebidae, Anobinae

Materials

a.

scientificName: Plecoptera sarcistis Hampson, 1910; continent: Africa; couniry: Namibia;
stateProvince: Kavango East; locality: Bwabwata National Park; verbatimElevation: 1,018
m; decimallatitude: -18.1170; decimalLongitude: 21.6797; samplingProtocol: Light-
trapping; eventDate: 18/11/2016; individualCount: 1; lifeStage: adult; identifiedBy: Sylvain
Delabye; dateldentified: 2019, type: PhysicalObject; institution!D: GRBIO URIhttp://
grbio.org/cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord: PreservedSpecimen
scientificName: Plecoptera sarcistis Hampson, 1910; continent: Africa; country: Namibia;
stateProvince: Kavango East; locality: Bwabwata National Park; verbatimElevation: 1,042
m; decimallafitude: -18.0688; decimallLongitude: 21.6702; samplingProtocol: Light-
trapping; eveniDate: 20/11/2016; individualCount: 2; lifeStage: adult; identifiedBy: Sylvain
Delabye; dateldentified: 2019; type: PhysicalObject; institution!D: GRBIO URIhttp://
grbio.org/cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord: PreservedSpecimen
scientificName: Plecoptera sarcistis Hampson, 1910; continent: Africa; couniry: Namibia;
stateProvince: Kavango East; locality: Bwabwata National Park; verbatimElevation: 1,044
m; decimallafitude: -18.0592; decimallLongitude: 21.6872; samplingProtocol: Light-
trapping; eventDate: 20/11/2016; individualCount: 1; lifeStage: adult; identifiedBy: Sylvain
Delabye; dateldentified: 2019; type: PhysicalObject; institution|D: GRBIO URIhttp://
grbio.org/cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord: PreservedSpecimen
scientificName: Plecoptera sarcistis Hampson, 1910; continent: Africa; couniry: Namibia;
stateProvince: Kavango East; locality: Bwabwata National Park; verbatimElevation: 1,051
m; decimallatitude: -18.0545; decimallLongitude: 21.6954; samplingProtocol: Light-
trapping; eventDate: 20/11/2016; individualCount: 2; lifeStage: adult; identifiedBy: Sylvain
Delabye; dateldentified: 2019; type: PhysicalObject; institution!D: GRBIO URIhttp://
grbio.org/cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord: PreservedSpecimen
scientificName: Plecoptera sarcistis Hampson, 1910; continent: Africa; country: Namibia;
stateProvince: Kavango East; locality: Bwabwata National Park; verbatimElevation: 1,047
m; decimallatitude: -18.0498; decimallongitude: 21.7035; samplingProtocol: Light-
trapping; eveniDate: 20/11/2016; individualCount: 7; lifeStage: adult; identifiedBy: Sylvain
Delabye; dateldentified: 2019; type: PhysicalObject; institutionlD: GRBIO URIhttp://
grbio.org/cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord: PreservedSpecimen

Description
The identification was based on Hampson (1910).
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Distribution

This species is recorded for the first time in Namibia. All reported specimens were
collected in the Bwabwata National Park belonging to the Zambezian biogeographical
region. In this region, the species was already known from Zimbabwe and Zambia and
it was also already recorded in the neighbouring Southem African region. Therefore, its
distribution in north-eastern Namibia could be expected (Fig. 3).

Figure 3. [
Plecoptera sarcistis Hampson, 1910, male, Namibia, Bwabwata National Park. A. dorsal view;
B. ventral view. The scale represents 1 cm.

Hypopyra africana (Kirby, 1896)

Nomenclature

Erebidae, Erebinae

Materials

a.

scientificName: Hypopyra africana (Kirby, 1896); continent: Africa; country: Zimbabwe;
stateProvince: Matabeleland North; locality: Victoria Falls; verbatimElevation: 927 m;
decimalLatitude: -17.9018; decimallLongitude: 25.7634; samplingProtocol: Light-trapping;
eventDate: 14/12/2017; individualCount: 2; sex: males; lifeStage: adult; identifiedBy:
Sylvain Delabye; dateldentified: 2019; type: PhysicalObject; institution!D: GRBIO
URIhttp://grbio.org/cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord:
PreservedSpecimen

scientificName: Hypopyra africana (Kirby, 1896); continent: Africa; country: Zimbabwe;
stateProvince: Matabeleland North; locality: Victoria Falls; verbatimElevation: 969 m;
decimalLatitude: -17.9099; decimalLongitude: 25.7487; samplingProtocol: Light-trapping;
eventDate: 14/12/2017; individuaiCount: 1; sex: female; lifeStage: adult; identifiedBy:
Sylvain Delabye; dateldentified: 2019; type: PhysicalObject; institution!D: GRBIO
URIhttp://grbio.org/cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord:
PreservedSpecimen

scientifichlame: Hypopyra africana (Kirby, 1896); continent: Africa; country: Zimbabwe;
stateProvince: Matabeleland North; locality: Victoria Falls; verbatimElevation: 908 m;
decimalLatitude: -17.8281; decimalLongitude: 25.6568; samplingProtocol: Light-trapping;
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eventDate: 13/12/2017; individualCount: 2; sex: males; lifeStage: adult; identifiedBy:
Sylvain Delabye; dateldentified: 2019; type: PhysicalObject; institution|D: GRBIO
URIhttp://grbio.org/cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord:
PreservedSpecimen

d. scientificName: Hypopyra africana (Kirby, 1896); continent: Africa; country: Zimbabwe;
stateProvince: Matabeleland North; locality: Victoria Falls; verbatimElevation: 909 m;
decimalLatitude: -17.8416; decimalLongitude: 25.6446; samplingProtocol: Light-trapping;
eventDate: 13/12/2017; individualCount: 1; sex: males; lifeStage: adult; identifiedBy:
Sylvain Delabye; dateldentified: 2019; type: PhysicalObject; institution|D: GRBIO
URIhttp://grbio.org/cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord:
PreservedSpecimen

Description

The identification of this species was based on photograph of the type specimen in De
Prins and De Prins (2020) and comparison with the original description in Kirby (1896).
Distribution

Our records expand the known distribituion of the species to Zimbabwe. Hypopyra
africana was previously reported from the Somalian (Kenya), Zambezian and Southem
African regions, including countries bordering with Zimbabwe (Botswana, Namibia,
South Africa, Zambia). All six reported specimens were found near Victoria Falls and
partially fill the gap in our knowledge of the distribution of this species (Fig. 4).

A B

Figure 4. [T1]
Hypopyra africana (Kirby, 1896), female, Zimbabwe, Victoria Falls. A. dorsal view; B. ventral
view. The scale represents 1 cm.

Remigiodes remigina (Mabille, 1884)

Nomenclature
Erebidae, Erebinae
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Materials

a. scientificName: Remigiodes remigina (Mabille, 1884); continent: Africa; country:
Zimbabwe; stateProvince: Matabeleland North; locality: Hwange; verbatimElevation:
1,033 m; decimallLatitude: -18.7051; decimalLongitude: 26.2039; samplingProtocol: Light-
trapping; eventDate: 13/12/2017; individualCount: 3; sex: males; lifeStage: adult;
identifiedBy: Sylvain Delabye; dateldentified: 2019; type: PhysicalObject; institutioniD:
GRBIO URIhttp://grbio.org/cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord:
PreservedSpecimen

b. scientificName: Remigiodes remigina (Mabille, 1884); continent: Africa; country:
Zimbabwe; stateProvince: Matabeleland North; locality: Hwange; verbatimElevation:
1,014 m; decimallLatitude: -18.6954; decimallongitude: 26.1880; samplingProtocol: Light-
trapping; eventDate: 13/12/2017; individualCount: 1; sex: male; lifeStage: adult;
identifiedBy: Sylvain Delabye; dateldentified: 2019; type: PhysicalObject; institutionID:
GRBIO URIhttp://grbio.org/cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord:
PreservedSpecimen

Description
The detailed diagnosis made by Hacker (2016) enabled identification of this species.
Distribution

Our four captured individuals represent the first record of R. remigina in Zimbabwe. It is
also the first record of Remigiodes in the country. This widespread species was already
known from the Guinean (Togo, Nigeria), Congolian (Democratic Republic of Congo),
Somalian (Ethiopia, Somalia and Kenya) and Zambezian (Tanzania) biogeographic
regions and from Madagascar. Our record extended its known continental distribution
range by ca. 800 km southwards (Fig. 5).

Figure 5. [1]

Remigiodes remigina (Mabille, 1884), male, Zimbabwe, Hwange. A. dorsal view; B. ventral
view. The scale represents 1 cm.
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Taviodes subjecta (Walker, 1865)

Nomenclature
Erebidae, Pangraptinae
Materials

a. scientifichame: Taviodes subjecta (Walker, 1865); continent: Africa; country: Namibia;
stateProvince: Kavango East; locality: Bwabwata National Park; verbatimElevation: 1,042
m; decimallatitude: -18.0688; decimalLongitude: 21.6702; samplingProtocol: Light-
trapping; eventDate: 20/11/2016; individualCount: 1; life Stage: adult; identifiedBy: Sylvain
Delabye; dateldentified: 2019; type: PhysicalObject; institution!D: GRBIO URIhttp://
grbio.org/cool/8t1f-g226; institutionCode: ZMJU; basisOfRecord: PreservedSpecimen

b. scientifichName: Taviodes subjecta (Walker, 1865); continent: Africa; country: Namibia;
stateProvince: Kavango East; locality: Bwabwata National Park; verbatimElevation: 1,044
m; decimallLafitude: -18.0642; decimallLongitude: 21.6784; samplingProtocol: Light-
trapping; eventDate: 20/11/2016; individualCount: 1; lifeStage: adult; identifiedBy: Sylvain
Delabye; dateldentified: 2019; type: PhysicalObject; institution!D: GRBIO URIhttp://
grbio.org/cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord: PreservedSpecimen

c. scientificName: Taviodes subjecta (Walker, 1865); continent: Africa; country: Namibia;
stateProvince: Kavango East; locality: Bwabwata National Park; verbatimElevation: 1,044
m; decimallLatitude: -18.0592; decimailLongitude: 21.6872; samplingProtocol: Light-
trapping; eveniDate: 20/11/2016; individualCount: 1; lifeStage: adult; identifiedBy: Sylvain
Delabye; dateldentified: 2019; type: PhysicalObject; institution!D: GRBIO URIhttp://
grbio.org/cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord: PreservedSpecimen

Figure 6.

Taviodes subjecta (Walker, 1865), male, Namibia, Bwabwata National Park. A. dorsal view; B.
ventral view. The scale represents 1 cm.

Description
The identification of this species was based on Pinhey (1975).
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Distribution

We report this species for the first time in Namibia. It was already known from several
countries in the Congolian (Democratic Republic of Congo), Somalian (Kenya),
Zambezian and Southern African biogeographic regions, including South Africa,
Zimbabwe and Zambia, all bordering with Mamibia (Pinhey 1975). All three specimens
were collected in the Bwabwata National Park, in the Zambezian region (Fig. 6).

Haplopacha cinerea Aurivillius, 1905

Nomenclature
Lasiocampidae, Lasiocampinas
Materials

a. scientifichlame: Haplopacha cinerea Aurivillius, 1905; continent: Africa; country: Mamibia;
stateProvince: Kavango East; locality: Bwabwata National Park; verbatimElevation: 1,026
m; decimallatitude: -18 1118; decimalLongitude: 21 6717; samplingProtocol: Light-
trapping; eventDate: 18/11/2016; individualCount: 1; sex: male; lifeStage: adult;
identifiedBy: Sylvain Delabye; dateldentified: 2019; type: PhysicalObject; institutioniD:
GRBIO URIhttp:/grbio.orglcoolf8t1f-g2z6; institutionCode: ZMJU; basisOfRecord:
PreservedSpecimen

b. scientifichlame: Haplopacha cinerea Aurivillius, 1905; continent: Africa; country: Mamibia;
stateProvince: Kavango East; locality: Bwabwata National Park; verbatimElevation: 1,018
m; decimalLatitude: -18.1170; decimalLongitude: 21 6797; samplingProtocol: Light-
trapping; eveniDate: 18M1/2016; individualCount: 8; sex: 2 females, 6 males; lifeStage:
adult; identifiedBy. Sylvain Delabye; dateldentified: 2019; type: PhysicalObject;
institutionID: GREBIO URIhtip:/igrkio.orgfcool/i8t1f-g226; insiitutionCode: ZMJU;
basizOfRecord: PreservedSpecimen

C. scientificlame: Haplopacha cinerea Aurivillius, 1305; continent: Africa; country: Mamibia;
stateProvince: Kavango East; locality: Bwabwata National Park; verbatimElevation: 1,009
m; decimalLatitude: -18.1237; decimalLongitude: 21.6862; samplingProtocol: Light-
trapping; eveniDate: 18M112016; individualCount: 1; sex: male; lifeStage: adult;
identifiedBy: Sylvain Delabye; dateldentified: 2019; type: PhysicalObject; institutionlD:
GRBIO URIhitp:/igrbio.org/cool/8t1f-g22E; institutionCode: ZMJU; basisOfRecord:
PreservedSpecimen

d. scientifichlame: Haplopacha cinerea Aurivillius, 1905; continent: Africa; country: Namibia;
stateProvince: Kavango East; locality: Bwabwata National Park; verbatimElevation: 1,025
m; decimalLafitude: -18.1308; decimalLongitude: 21.6923; samplingProtocol: Light-
trapping; eveniDate: 18M1/2016; individualCount: 1; sex: male; lifeStage: adult;
identifiedBy: Sylvain Delabye; dateldentified: 2019; type: PhysicalObject; institutioniD:
GRBIO URIhitp:/igrbio.org/cool/8t1f-g226; institutionCode: ZMJU; basisOfRecord:
PreservedSpecimen

e scientifichlame: Haplopacha cinerea Aurivillius, 1905; continent: Africa; country: Mamibia;
stateProvince: Kavango East; locality: Bwabwata National Park; verbatimElevation: 1,017
m; decimallatitude: -18 1375; decimalLongitude: 21 6990; samplingProtocol: Light-
trapping; eveniDate: 18M1/2016; individualCount: 1; sex: male; lifeStage: adult;
identifiedBy: Sylvain Delabye; dateldentified: 2019; type: PhysicalObject; institutioniD:
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GRBIO URIhttp://grbio.org/cool/8t1f-g226; institutionCode: ZMJU; basisOfRecord:
PreservedSpecimen

f. scientificName: Haplopacha cinerea Aurivillius, 1905; continent: Africa; country: Namibia;
stateProvince: Khomas Region; locality: Namibgrens; verbatimElevation: 1,769 m;
decimalLatitude: -23.6517; decimallLongitude: 16.2934; samplingProtocol: Light-trapping;
eventDate: 4/11/2016; individualCount: 1; sex: female; lifeStage: adult; identifiedBy:
Sylvain Delabye; dateldentified: 2019; type: PhysicalObject; institution!D: GRBIO
URIhttp://grbio.org/cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord:
PreservedSpecimen

g. scientifichlame: Haplopacha cinerea Aurivillius, 1905; continent: Africa; country: Namibia;
stateProvince: Otjozondjupa Region; ‘ocality: Grootfontein; verbatimElevation: 1,210 m;
decimalLatitude: -19.2951; decimallLongitude: 18.7968; samplingProtocol: Light-trapping;
eventDate: 15/11/2016; individualCount: 3; sex: males; lifeStage: adult; identifiedBy:
Sylvain Delabye; dateldentified: 2019; type: PhysicalObject; institution!D: GRBIO
URIhttp://grbio.org/cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord:
PreservedSpecimen

h. scientificName: Haplopacha cinerea Aurivillius, 1905; continent: Africa; country: Namibia;
stateProvince: Otjozondjupa Region; ‘ocality: Grootfontein; verbatimElevation: 1,219 m;
decimalLatitude: -19.3909; decimallLongitude: 18.8282; samplingProtocol: Light-trapping;
eventDate: 16/11/2016; individualCount: 1; sex: males; lifeStage: adult; identifiedBy:
Sylvain Delabye; dateldentified: 2019; type: PhysicalObject; institution!D: GRBIO
URIhttp://grbio.org/cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord:
PreservedSpecimen

Figure 7. [
Haplopacha cinerea Aurivillius, 1905, male, Namibia, Bwabwata National Park. A. dorsal view;
B. ventral view. The scale represents 1 cm.

Description

The genitalia dissection and the diagnosis of this species made by Dupont et al. (2016)
enabled identification of our specimens.

Distribution

Our specimens represented the first record of this species in Namibia. We collected
them in the Zambezian (Bwabwata National Park) and Southem African (Namibgrens,
Grootfontein) regions. This species was previously reported from these two
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biogeographical regions only, with records from numerous countries from Tanzania to
South Africa. In South Africa, the species was known only from the north-eastern parts
of the country (Dupont et al. 2016). Hence, our records substantially extended its
known distribution range westwards (Fig. 7).

Laeliopsis punctuligera Aurivillius, 1911

Nomenclature
Lasiocampidae, Lasiocampinae
Material

a. scientificName: Laeliopsis punctuligera Aurivillius, 1911; continent: Africa; country:
Namibia; stateProvince: Kavango East; locality: Bwabwata National Park;
verbatimElevation: 1,018 m; decimallLatitude: -18.1170; decimalLongitude: 21.6797;
samplingProtocol: Light-trapping; eventDate: 18/11/2016; individualCount: 1; sex: male;
lifeStage: adult; identifiedBy: Sylvain Delabye; dateldentified: 2019; type: PhysicalObject;
institution|D: GRBIO URIhttp://grbio.org/cool/8t1f-g2z6; institutionCode: ZMJU;
basisOfRecord: PreservedSpecimen

Description
The identification of this species was based on Pinhey (1975).

Distribution

Our single specimen is the first record of this species in Namibia. It was collected in the
Bwabwata National Park, belonging to the Zambezian biogeographical region. The
species was previously known from only this region, including from Zambia and
Zimbabwe bordering with Namibia. Therefore, extension of its distribution into the
Caprivi Strip in north-eastern Namibia is not surprising (Fig. 8).

A B

Figure 8. 1]
Laeliopsis punctuligera Aurivillius, 1911, male, Namibia, Bwabwata National Park. A. dorsal
view; B. ventral view. The scale represents 1 cm.
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Discussion

We presented records of six species of moths (Plecoptera sarcistis, Hypopyra africana,
Remigiodes remigina, Taviodes subjecta, Haplopacha cinerea and Laeliopsis punctuligera)
newly reported to occur in one or the other of the two sampled countries. Altogether, we
reported four species so far not recorded in Namibia and two species so far not recorded in
Zimbabwe. Additionally, the genus Remigiodes was reported for the first time in Zimbabwe.

All of these species could have been expected in the reported countries because they were
previously known to occur in either the Southern Afncan or Zambezian region, whilst four
species (except R. remigina and L. punctuligera) occur in both. All but R. remigina were
already reported from one or several adjacent countries.

Even though meost of the presented new country records could have been expected, at
least two of our findings substantially extend the species’ known distribufion. The nearest
known distribution of K. remigina prior to our study was from the Democratic Republic of
the Congo. Therefore, our records extend its known distribution by ca. 800 km southwards,
although still within the Zambezian geographic region. Haplopacha cinerea was previously
known from both studied regions. Still, our records from central Mamibia extended its
known distribution by ca. 600 km westwards.

We consider the presented new country reports as additional evidence of the insufficient
knowledge of moth diversity in the Afrotropics. Although the result of a relatively non-
intensive sampling effort, our records did increase the number of moth taxa recorded in
both countries. Since those records either extend the known distribution of particular
species or fill gaps in their continuous distribution, we consider reporting of moth records
even from such non-intensive sampling as interesting and highly important for improving
our knowledge of diversity and distribution of south African moths.
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CHAPTER VII

First records of 31 species of butterflies and
moths (Lepidoptera) in Cameroon, with remarks
on their elevational ranges
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Dorsal (A) and ventral (B) view of Euphaedra temeraria Hecg, 2007, new country record
in Cameroon. © J.E.J. Mertens
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Abstract

Background

The biodiversity of West and Central Africa is understudied, including butterflies and moths
(Lepidoptera). Cameroon, through its position in between few biogeographic regions and
diversity of habitats, is an important hotspot of lepidopteran diversity. However, the country
also ranks low when it comes to local biodiversity knowledge. During our long-term
ecological projects in the Cameroonian part of the Gulf of Guinea Highlands, we collected
rich material of butterflies and moths, including a number of interesting faunistic records.

@ Delabye S etal. This is an open acecass article distributed under the terms of the Creative Commans Attribution License (CC BY
4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are
credited.
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Mew information

In this study, we report 31 species of butterflies and moths which have not yet been
recorded in Cameroon. These species comprised eight new genera records for the country.
In many cases, our records represented an important extension of the species’ known
distribution, including ten species whose distribution ranges extended into the Guinean
biogeographic region. We also comment on the species’ elevational distribution ranges on
Mount Cameroon where most of our records originated. Additionally, we confirm the
presence of a butterfly Telchinia encedena, after more than a century since its first and so
far its only record in Cameroon.

Keywords
Afrotropics, bait-trapping, Bamenda Highlands, faunistics, light-trapping, Mount Cameroon

Introduction

West and Central Sub-Saharan Africa belong to the areas with the lowest knowledge on
regional biodiversity on the continent. Although almost 3,000 taxa of moths (De Prins and
De Prins 2019) and almost 1,600 taxa of butterflies (Williams 2018) have been reported
from Cameroon so far, much higher diversity of these groups can be expected, considering
the country's high habitat heterogeneity. The Gulf of Guinea Highlands is an important
montane range on the borders of Nigeria and Cameroon (i.e. at the edge of the Guinean
and Congolian biogeographic regions). It represents the only large montane area in the
region and is recognised as a biodiversity hotspot with high endemism for numerous taxa
{Myers et al. 2000), including butterflies and moths (Larsen 2005, Ustjuzhanin et al. 2018).
However, the biodiversity of this montane range is stil relatively unexplored and
comprehensive studies of Lepidoptera are still under-represented.

Several recent ecological studies on lepidopteran communities in the Gulf of Guinea
Highlands (e.g. Tropek and Konvicka 2010, Maicher et al. 2018, Maicher et al. 2020)
collected an extensive number of butterflies and moths, including several newly described
species (e.g. Yakovlev and Safian 2016, Usjuzhanin et al. 2018, Sahan and Tropek 20186,
Safan et al. 2019), as well as new country records already published dunng earlier stages
of the projects (e.g. Tropek et al. 2013, Tropek et al. 2015, Maicher et al. 2016, Ustjuzhanin
et al. 2018, Przybylowicz et al. 2019b). The large amount of collected matenal still holds
new species of general faunistic or taxonomic interest. In this study, we report 31 species
of butterflies and moths recorded in Camercon for the first time. In some cases, these
records significantly extended the species’ known geographical ranges. These are
supplemented by a rediscovery of a butterfly species in Cameroon after more than a
century.
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Materials and methods

All reported butterfly and moth specimens were collected between 2008 and 2017 in
Cameroon (Fig. 1).

LEGEND

Water bodies

<= 700 m as|

700 - 1400 m asl
1400 - 2000 m asl
2000 - 2700 m asl
2700 - 3400 m asl
3400 - 4100 m asl

BRRNOLNC

Figure 1. EZ]
Map of Cameroon with the study sites and the Sanaga river considered as a border between
the Guinean and Congolian biogeographic regions.

Nine sampled localities lie in the Mount Cameroon region, Fako Division, Southwest
Region, Cameroon. Seven of these localities are on the south-westem slope of Mount
Cameroon inside the Mount Cameroon National Park, in tropical rainforests at different
elevations. These represent mosaics of primary and secondary lowland forests (Bamboo
Camp, 350 m a.s.|.; Dnnk Gari camp, 650 m as.l.), through upland (PlanteCam camp,
1,100 m a.s.l.) and submontane (Crater Lake camp, 1,450 m a.s.l.) forests locally disturbed
by elephants, to montane forests (Elephant Camp, 1,850 m a.s.I.; Mapanja camp, 1,850 m
a.s.l; Mann’s Spring, 2,200 m as.l) (Fig. 2b, c, d, e). The two remaining localities in the
Mount Cameroon region are situated in a coastal forest (Fig. 2a) of the Bimbia-
Bonadikombo Community Forest (Dikolo Peninsula camp, 30 m a.s.l.; Ferenc et al. 2018)
and in a heavily disturbed lowland forest on a lower hill with a cell tower close to the Chop
Fam junction, Bimbia village (Radio Hill, 220 m as.l.).

154



4 Delabye S et al

Figure 2.
Selected study sites in Cameroon.

a: Coastal forest in the Bimbia-Bonadikombo Community Forest, Dikolo Peninsula (30 m

asl). FH
b: Primary lowland forest, Drink Gari, Mount Cameroon (650 m a.s.l.). []

c: Upland forest locally disturbed by elephants, PlanteCam Camp, Mount Cameroon (1,100 m

asl). [H
d: Montane forest, Mapanja camp, Mount Cameroon (1,850 ma.s.l.) [

e: Montane forest close to the timberline, Mann’s Spring, Mount Cameroon (2,200 m as.l.).

doi

f: Mosaic of montane forest remnants and open habitats in Mendong Buo (2,200 m as.l).
dol

The other two localities are situated in the Bamenda Highlands, Northwest Region,
Cameroon. Mendong Buo, ca. 5 km south-east of Big Babanki, represents a mosaic of
montane forest remnants, forest clearings dominated by Ptenidium aquilinum, submontane
grasslands maintained by cattle grazing and species-rich scrub vegetation along streams
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(Tropek and Konvicka 2010; Fig. 2f). Lake Oku represents a primary montane forest along
the crater lake shore, on the southem slopes of Mount Oku.

The last three localities are in disturbed lowland forests across the country. Mundemba
represents heavily disturbed secondary regrowth south of Mundemba, close to the Korup
NP, Southwest Region. Ebogo is a disturbed lowland rainforest in the Ebogo Ecotouristic
Site, ca. 80 km south of Yaounde, Centre Region. Lastly, close to Ebodje, South Region,
butterflies were recorded in a secondary lowland forest.

All moths were attracted to light (see Maicher et al. 2020 for the detailed protocol).
Butterflies were collected by fraps baited with fermented mashed bananas (Euphaedra
temeraria, see Maicher et al. 2020 for details) or by a butterfly net (all other butterfly
species).

Nomenclature and distribution of the reported species were based on the AfroMoths online
database (De Prins and De Prins 2019) for moths and on Williams (2018) for butterflies.
The biogeographic regions nomenclature follows Linder et al. (2012). The voucher material
is deposited in the Nature Education Centre of the Jagiellonian University in Krakow,
Poland and in the Biology Centre, Czech Academy of Sciences, Ceské Budéjovice,
Czechia.

Taxon treatments

Anapisa holobrunnea (Talbot, 1932)

Nomenclature
Erebidae, Arctiinae

Material

a. scientifichName: Anapisa holobrunnea (Talbot, 1932); continent: Africa; country:
Cameroon,; stateProvince: Southwest Region; locality: Dikolo Peninsula, Bimbia-
Bonadikombo Community Forest; verbatimElevation: 30 m; decimallatitude: 03.9818;
decimalLongitude: 09.2625; samplingProtocol: Light catching; eventDate: 13/10/2017;
habitat: Coastal forest; individualCount: 1; sex: male; lifeStage: adult; identifiedBy: tukasz
Przybytowicz; dateldentified: 2017; type: PhysicalObject; institutioniD: http://arbio.ora/
cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord: PreservedSpecimen

Distribution

A. holobrunnea was previously reported from Ghana and Guinea only (Przybylowicz
and Bakowski 2011) and, therefore, it was considered as an endemic to the western
part of the Guinean subregion. Our record has enlarged its known range to over 1,000
km to the east. It has also evidenced the species’ presence in the eastern part of the
Guinean region. In the Mount Cameroon region, the single individual was collected in
the lowest locality (30 m a.s.l.) (Fig. 3).
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Figure 3. [

Anapisa holobrunnea Tams, 1932. A. dorsal view; B. ventral view. The scale bar represents 1
cm.

Anapisa metarctioides (Hampson, 1907)

Nomenclature

Erebidae, Arctiinae

Materials

a.

scientificName: Anapisa metarctioides (Hampson, 1907); continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: PlanteCam Camp, Mount
Cameroon; verbatimElevation: 1,100 m; decimallLatitude: 04.1175; decimallLongitude:
09.0709; samplingProtocol: Light catching; eventDate: 13/12/2014; habitat: Upland forest
locally disturbed by elephants; individualCount: 5; sex: males; lifeStage: adult;
identifiedBy: tukasz Przybytowicz; dateldentiied: 2017; type: PhysicalObject;
PreservedSpecimen

scientifichlame: Anapisa metarctioides (Hampson, 1907); continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: PlanteCam Camp, Mount
Cameroon; verbatimElevation: 1,100 m; decimalLatitude: 04.1175; decimalLongitude:
09.0709; samplingProtocol: Light catching; eventDate: 13/04/2015; habitat: Upland forest
locally disturbed by elephants; individualCount: 1; sex: male; lifeStage: adult; identifiedBy:
tukasz Przybylowicz; dateldentified: 2017, type: PhysicalObject; institutioniD: http-//grbio.
org/cool/8t1f-g2z8; institutionCode: ZMJU; basisOfRecord: PreservedSpecimen
scientifichlame: Anapisa metarctioides (Hampson, 1907); continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: PlanteCam Camp, Mount
Cameroon; verbatimElevation: 1,100 m; decimalLatitude: 04.1175; decimallLongitude:
09.0709; samplingProtocol: Light catching; eventDate: 01/02/2016; habitat: Upland forest
locally disturbed by elephants; individualCount: 5; sex: males; lifeStage: adult;
identifiedBy: tukasz Przybytowicz; dateldentified: 2017; type: PhysicalObject;
institution|D: hitp://grbio.org/cool/8t1f-g226; institutionCode: ZMJU; basisOfRecord:
PreservedSpecimen

scientificName: Anapisa metarctioides (Hampson, 1907); continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: Crater Lake, Mount Cameroon;
verbatimElevation: 1,450 m; decimalLatitude: 04.1443; decimalLongitude: 09.0717;
samplingProtocol: Light catching; eventDate: 24/11/2016; habitat: Submontane forest
locally disturbed by elephants; individualCount: 10; sex: males; ifeStage: adult;
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identifiedBy: tukasz Przybytowicz; dateldentified: 2017; type: PhysicalObject;
institutioniD: hitp://grbio.org/cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord:
PreservedSpecimen

scientificName: Anapisa metarctioides (Hampson, 1907); continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: Crater Lake, Mount Cameroon;
verbatimElevation: 1,450 m; decimalLatitude: 04.1443; decimalLongitude: 09.0717;
samplingProtocol: Light catching; eventDate: 20/02/2017; habitat: Submontane forest
locally disturbed by elephants; individualCount: 8; sex: males; lifeStage: adult;
identifiedBy: tukasz Przybytowicz; dateldentified: 2017; type: PhysicalObject;
institutioniD: hitp://grbio.org/cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord:
PreservedSpecimen

scientificName: Anapisa metarctioides (Hampson, 1907); continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: Crater Lake, Mount Cameroon;
verbatimElevation: 1,450 m; decimalLatitude: 04.1443; decimalLongitude: 09.0717;
samplingProtocol: Light catching; eventDate: 28/04/2017; habitat: Submontane forest
locally disturbed by elephants; individualCount: 4; sex: males; lifeStage: adult;
identifiedBy: tukasz Przybytowicz; dateldentified: 2017; type: PhysicalObject;
institutioniD: http://grbio.org/cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord:
PreservedSpecimen

scientifichName: Anapisa metarctioides (Hampson, 1907); continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: Elephant Camp, Mount Cameroon;
verbatimElevation: 1,850 m; decimallLatitude: 04.1453; decimalLongitude: 09.0870;
samplingProtocol: Light catching; eventDate: 21/11/2014; habitat: Montane forest locally
disturbed by elephants; individualCount: 7; sex: males; lifeStage: adult; identifiedBy:
tukasz Przybytowicz; dateldentified: 2017, type: PhysicalObject; institution!D: http//grbio.
org/cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord: PreservedSpecimen
scientificName: Anapisa metarctioides (Hampson, 1907); continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: Elephant Camp, Mount Cameroon;
verbatimElevation: 1,850 m; decimalLatitude: 04.1453; decimalLongitude: 09.0870;
samplingProtocol: Light catching; eventDate: 20/02/2017; habitat: Montane forest locally
disturbed by elephants; individualCount: 12; sex: males; lifeStage: adult; identifiedBy:
tukasz Przybytowicz; dateldentified: 2017; type: PhysicalObject; institutionlD: http-//grbio.
org/cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord: PreservedSpecimen
scienfifichame: Anapisa metarctioides (Hampson, 1907); continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: Elephant Camp, Mount Cameroon;
verbatimElevation: 1,850 m; decimalLafitude: 04.1453; decimalLongitude: 09.0870;
samplingProtocol: Light catching; eventDate: 22/04/2017; habitat: Montane forest locally
disturbed by elephants; individualCount: 9; sex: 8 males, 1 female; lifeSiage: adult;
identifiedBy: tukasz Przybytowicz; dateldentified: 2017; type: PhysicalObject;
institution|D: http://grbio.org/cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord:
PreservedSpecimen

scientificName: Anapisa metarctioides (Hampson, 1907); continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: Mann's Spring, Mount Cameroon;
verbatimElevation: 2,200 m; decimalLatitude: 04.1428; decimalLongitude: 09.1225;
samplingProtocol: Light catching; eventDate: 09/11/2016; habitat: Montane forest close to
the timberiine; individualCount: 1; sex: male; lifeStage: adult; identifiedBy: tukasz
Przybytowicz; dateldentified: 2017; type: PhysicalObject; institutioniD: hitp://grbio.org/
cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord: PreservedSpecimen
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Distribution

This species was known from Kenya, Uganda, Rwanda and the Democratic Republic
of Congo. Our record on Mount Cameroon has extended its western distribution and
has evidenced the species from the Guinean biogeographic region. On Mount
Cameroon, it is restricted to above 1,100 m as.l. (Fig. 4).

Figure 4. [T
Anapisa metarctioides (Hampson, 1907). A. dorsal view; B. veniral view. The scale bar
represents 1 cm.

Archithosia makomensis (Strand, 1912)

Nomenclature

Erebidae, Arctiinae

Materials

a.

scientifichame: Archithosia makomensis (Strand, 1912); continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locaiity: Elephant Camp, Mount Cameroon;
verbatimElevation: 1,850 m; decimalLatitude: 04.1453; decimalLongitude: 09.0870;
samplingProtocol: Light catching; eventDate: 26/04/2017; habitat: Montane forest locally
disturbed by elephants; individualCount: 1; sex: male; lifeStage: adult; identifiedBy:
tukasz Przybytowicz; dateldentified: 2017, type: PhysicalObject; institutioniD: http-/arbio.
org/cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord: PreservedSpecimen
scientificName: Balacra compsa (Jordan, 1904); continent: Africa; country: Cameroon;
stateProvince: Southwest Region; locality: Crater Lake, Mount Cameroon;
verbatimElevation: 1,450 m; decimalLatitude: 04.1443; decimallLongitude: 09.0717;
samplingProtocol: Light catching; eveniDate: 26/04/2017; habitat: Submontane forest
locally disturbed by elephants; individualCount: 1; sex: male; lifeStage: adult; identifiedBy:
tukasz Przybytowicz; dateldentified: 2017, type: PhysicalObject; institutionlD: htip//grbio.
org/cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord: PreservedSpecimen
scientificName: Balacra compsa (Jordan, 1904); continent: Africa; country: Cameroon;
stateProvince: Southwest Region; locality: Elephant Camp, Mount Cameroon;
verbatimElevation: 1,850 m; decimailLatitude: 04.1453; decimallLongitude: 09.0870;
samplingProtocol: Light catching; eventDate: 20/11/2014; habitat: Montane forest locally
disturbed by elephants; individualCount: 1; sex: male; lifeStage: adult; identifiedBy:
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tukasz Przybytowicz; dateldentified: 2017, type: PhysicalObject; institutioniD: httpz/arbio.
org/cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord: PreservedSpecimen
scientifichName: Balacra compsa (Jordan, 1904); continent: Africa; country: Cameroon;
stateProvince: Southwest Region; locality: Elephant Camp, Mount Cameroon;
verbatimElevation: 1,850 m; decimalLatitude: 04.1453; decimalLongitude: 09.0870;
samplingProtocol: Light catching; eventDate: 20/04/2017; habitat: Montane forest locally
disturbed by elephants; individualCount: 1; sex: male; lifeStage: adult; identifiedBy:
tukasz Przybytowicz; dateldentified: 2017, type: PhysicalObject; institutionlD: http//grbio.
org/cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord: PreservedSpecimen

Distribution

This species was known from Ghana, Nigeria and Equatorial Guinea. Hence, its
distribution in Cameroon was thus expected, although never reported before. The only
specimen was caught in montane forest (1,850 m a.s.l.) (Fig. 5).

Figure 5. [

Archithosia makomensis (Strand, 1912). A. dorsal view; B. ventral view. The scale bar
represents 1 cm.

Balacra compsa (Jordan, 1904)

Nomenclature

Erebidae, Arctiinae

Materials

a.

scientificName: Balacra compsa (Jordan, 1904); continent: Africa; country: Cameroon;
stateProvince: Southwest Region; locality: Crater Lake, Mount Cameroon;
verbatimElevation: 1,450 m; decimalLatitude: 04.1443; decimallLongitude: 09.0717;
samplingProtocol: Light catching; eventDate: 26/04/2017; habitat: Submontane forest
locally disturbed by elephants; individualCount: 1; sex: male; lifeStage: adult; identifiedBy:
tukasz Przybytowicz; dateldentified: 2017; type: PhysicalObject; institutionlD: http//grbio.
org/cool/8t1f-g226; institutionCode: ZMJU; basisOfRecord: PreservedSpecimen
scientificName: Balacra compsa (Jordan, 1904); continent: Africa; country: Cameroon;
stateProvince: Southwest Region; locality: Elephant Camp, Mount Cameroon;
verbatimElevation: 1,850 m; decimalLatitude: 04.1453; decimalLongitude: 09.0870;
samplingProtocol: Light catching; eventDate: 20/11/2014; habitat: Montane forest locally
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disturbed by elephants; individualCount: 1; sex: male; lifeStage: adult; identifiedBy:
tukasz Przybytowicz; dateldentified: 2017; type: PhysicalObject; institutionlD: http-//arbio.
org/cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord: PreservedSpecimen

c. scientificName: Balacra compsa (Jordan, 1904); continent: Africa; country: Cameroon,;
stateProvince: Southwest Region; locality: Elephant Camp, Mount Cameroon;
verbatimElevation: 1,850 m; decimalLatitude: 04.1453; decimallLongitude: 09.0870;
samplingProtocol: Light catching; eventDate: 20/04/2017; habitat: Montane forest locally
disturbed by elephants; individualCount: 1; sex: male; lifeStage: adult; identifiedBy:
tukasz Przybytowicz; dateldentified: 2017; type: PhysicalObject; institutioniD: http-//grbio.
org/cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord: PreservedSpecimen

Distribution

This species was previously known from the Congolian and Shaba biogeographic
regions (Przybylowicz 2013). Our record extended its distribution to the Guinean
biogeographic region. We collected it only in submontane and montane forests (1,450
and 1,850 m a.s.l.) (Fig. 6).

Figure 6. [
Balacra compsa (Jordan, 1904). A. dorsal view; B. ventral view. The scale bar represents 1
cm.

Daphaenisca inexpectata (Durante & Zangrilli, 2016)

Nomenclature
Erebidae, Arctiinae
Materials

a. scientifichName: Daphaenisca inexpectata (Durante & Zangrilli, 2016); continent: Africa;
country: Cameroon; staieProvince: Southwest Region; locality: Bamboo Camp, Mount
Cameroon; verbatimElevation: 350 m; decimalLatitude: 04.0899; decimallongitude:
09.0517; samplingProtocol: Light catching; eventDate: 16/12/2014; habitat: Lowland
forest disturbed by historical selective logging; individualCount: 14; sex: males; lifeStage:
adult; identifiedBy: tukasz Przybytowicz; dateldentified: 2017; type: PhysicalObject;
institution|D: hitp://grbio.org/cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord:
PreservedSpecimen
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b. scientifichlame: Daphaenisca inexpectata (Durante & Zangrilli, 2018); continent: Africa;
country: Cameroon; stateProvines: Southwest Region; locality: Bamboo Camp, Mount
Cameroon; verbatimElevation: 350 m; decimalLatitude: 04 _0899; decimalLongitude:
09.0517; samplingProfocol: Light eatehing; eventDiate: 2IM04/2015; habitat: Lowland
forest disturbed by historical selective logging; individualCount: 26; zex: males, lifeStage:
adult; identifiedBy: tukasz Przybylowicz; dateldentified: 2017; type: PhysicalObject;
institutionlD: hitp-/fgrbio.org/cool8t1f-g276; institutionCode: ZMJW, basisOfRecord:
PreservedSpecimen

L. scientifichlame: Daphaenisca inexpectata (Durante & Zangrilli, 2016); continent: Africa;
couniry: Cameroon; stateProvincs: Southwest Region; locality: Bamboo Camp, Mount
Cameroon; verbatimElevation: 350 m; decimalLafitude: 04.0899; decimalLongitude:
08.0517; =amplingProtocol: Light catching; eventDate: 08/00272016; habitat: Lowland
forest disturbed by historical selective logging; individualCount: 3; sex: males; ifeStage:
adult; identifiedBy: Lukasz Przybylowicz; dateldentified: 2017; type: PhysicalObject;
institutionlD: hitp://grbic.org/coolfBt1f-g2z6; institutionCode: ZMJW, basisOfRecord:
PreservedSpecimen

d. scientifichlame: Daphaenisca inexpectata (Durante & Zangrilli, 2018); continent: Africa;
country: Cameroon; stat=Province: Southwest Region; locality: Drink Gari, Mount
Cameroon; verbatimElevation: 650 m; decimall atitude: 04 _1022; decimallongitude:
09.0630; =amplingProfocol: Light catching; eventDate: 2801172014; habitat: Primary
lowland forest; individualCount: 1; sex: male; lifeStage: adult; identifiedBy: tukasz
Preybytowicz; dateldentified: 2017, type: PhysicalObject; institutionlD: hitp://grbio.org/
cooliBt1f-g226; insfitutionCode: ZMJU; basisOfRecord: PreservedSpecimen

e scientificame: Daphaenisca inexpectata (Durante & Zangrilli, 2016); continent: Africa;
couniry: Cameroon; stateProvincs: Southwest Region; locality: Drink Gari, Mount
Cameroon; verbatimElevation: 650 m; decimalLatitude: 04_1022, decimalLongitude:
09.0630; =amplingProfocol: Light catching; eventDate: 1500472015, habitat: Primary
lowland forest; individualCount: 6; sex: males; lifeStage: adult; identifiedBy: bukasz
Przybylowicz; dateldentified: 2017; type: PhysicalObject; institutionID: http:/igrbio.org/
coolfBt1f-g2z6; insfitutionCode: ZMJU; basisOfRecord: PresernvedSpecimen

f. scientifichame: Daphaenisca inexpectata (Durante & Zangrilli, 2016); continent: Africa;
couniry: Cameroon; stateProvines: Southwest Region; locality: Drink Gari, Mount
Cameroon; verbatimElevation: 650 m; decimalLatitude: 04.1022; decimalLongitude:
09.0630; =amplingProfocol: Light catching; eventDate: 090272016; habitat: Primary
lowland forest; individualCount: 2; sex: males; lifeSiage: adult; identifiedBy: bukasz
Przybylowicz; dateldentified: 2017; type: PhysicalObject; institutionID: hitp:/igrbio.org/
coolf8t1f-g2z6; insfitutionCode: ZMJU; basisOfRecord: PresernvedSpecimen

Distribution
This species was recently described from Gabon and considered as endemic to the
country. Our record extended its known distribution to Cameroon, as well as to the

Guinean biogeographic region. On Mount Cameroon, our records came from lowland
forests only (350 and 650 m a.s.1.) (Fig. 7).
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tukasz Przybylowicz; dateldentified: 2017, type: PhysicalObject; institutioniD: http//grbio.
org/cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord: PreservedSpecimen

d. scientifichlame: Hippurarctia judith Kiriakoff, 1959; continent: Africa; country: Cameroon;
stateProvince: Southwest Region; locality: Crater Lake, Mount Cameroon;
verbatimElevation: 1,450 m; decimalLatitude: 04.1443; decimalLongitude: 09.0717;
samplingProtocol: Light catching; eventDate: 20/02/2017; habitat: Submontane forest
locally disturbed by elephants; individualCount: 2; sex: males; lifeStage: adult;
identifiedBy: tukasz Przybytowicz; dateldentified: 2017; type: PhysicalObject;
institutioniD: hitp://grbio.org/cool/8t1f-g22z6; institutionCode: ZMJU; basisOfRecord:
PreservedSpecimen

Distribution

This species was known from Ghana and Democratic Republic of Congo (Przybytowicz
and Bakowski 2011). Our record confimed its probable occurrence across the
Afrotropical rainforest zone by partially filing the distributional gap. On Mount
Cameroon, it was recorded from lowland to submontane forests (650 and 1,450 m
as.l.) (Fig. 8).

B = B

Figure 8. [T]

Hippurarctia judith Kiriakoff, 1959. A. dorsal view; B. ventral view. The scale bar represents 1
cm.

Ligulosia costimaculata (Aurivillius, 1910)

Nomenclature
Erebidae, Arctiinae
Materials

a. scientificName: Ligulosia costimaculata (Aurivillius, 1910); continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: Drink Gari, Mount Cameroon;
verbatimElevation: 650 m; decimallafitude: 04.1022; decimalLongitude: 09.0630;
samplingProtocol: Light catching; eventDate: 09/02/2016; habitat- Primary lowland forest;
individualCount: 1; sex: female; lifeStage: adult; identifiedBy: tukasz Przybytowicz;
dateldentified: 2017, type: PhysicalObject; institutionID: http://grbio.org/cool/8t1f-g226;
institutionCode: ZMJU; basisOfRecord: PreservedSpecimen
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scientifichame: Ligulosia costimaculata (Aurivillius, 1910); continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: Crater Lake, Mount Cameroon;
verbatimElevation: 1,450 m; decimalLatitude: 04.1443; decimalLongitude: 09.0717;
samplingProtocol: Light catching; eventDate: 24/11/2016; habitat: Submontane forest
locally disturbed by elephants; individualCount: 55; sex: 54 males, 1 female; lifeStage:
adult; identifiedBy: tukasz Przybylowicz; dateldentified: 2017; type: PhysicalObject;
institution!D: hitp://grbio.org/cool/8t1f-g22z6; institutionCode: ZMJU; basisOfRecord:
PreservedSpecimen

scientifichame: Ligulosia costimaculata (Aurivillius, 1910); continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: Crater Lake, Mount Cameroon;
verbatimElevation: 1,450 m; decimalLatitude: 04.1443; decimalLongitude: 09.0717;
samplingProtocol: Light catching; eventDate: 20/02/2017; habitat: Submontane forest
locally disturbed by elephants; individualCount: 15; sex: males; lifeStage: adult;
identifiedBy: tukasz Przybytowicz; dateldentified: 2017; type: PhysicalObject;
institution|D: hitp://grbio.org/cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord:
PreservedSpecimen

scientificName: Ligulosia costimaculata (Aurivillius, 1910); continent: Africa; country:
Cameroon,; stateProvince: Southwest Region; locality: Crater Lake, Mount Cameroon;
verbatimElevation: 1,450 m; decimalLatitude: 04.1443; decimalLongitude: 09.0717;
samplingProtocol: Light catching; eventDate: 26/04/2017; habitat: Submontane forest
locally disturbed by elephants; individualCount: 15; sex: males; lifeStage: adult;
identifiedBy: tukasz Przybylowicz; dateldentified: 2017; type: PhysicalObject;
institution|D: hitp://grbio.org/cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord:
PreservedSpecimen

scientificName: Ligulosia costimaculata (Aurivillius, 1910); continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: Elephant Camp, Mount Cameroon;
verbatimElevation: 1,850 m; decimalLatitude: 04.1453; decimallLongitude: 09.0870;
samplingProtocol: Light catching; eventDate: 21/11/2014; habitat: Montane forest locally
disturbed by elephants; individualCount: 4; sex: 3 males, 1 female; |feStage: adult;
identifiedBy: tukasz Przybytowicz; dateldentified: 2017; type: PhysicalObject;
institution|D: hitp://grbio.org/cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord:
PreservedSpecimen

scientifichame: Ligulosia costimaculata (Aurivillius, 1910); continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: Elephant Camp, Mount Cameroon;
verbatimElevation: 1,850 m; decimalLatitude: 04.1453; decimallLongitude: 09.0870;
samplingProtocol: Light catching; eventDate: 20/02/2017; habitat: Montane forest locally
disturbed by elephants; individualCount: 32; sex: males; lifeStage: adult; identifiedBy:
tukasz Przybylowicz; dateldentified: 2017; fype: PhysicalObject; institutioniD: http//grbio.
org/cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord: PreservedSpecimen
scientificName: Ligulosia costimaculata (Aurivillius, 1910); continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: Elephant Camp, Mount Cameroon;
verbatimElevation: 1,850 m; decimalLatitude: 04.1453; decimalLongitude: 09.0870;
samplingProtocol: Light catching; eventDate: 23/04/2017; habitat: Montane forest locally
disturbed by elephants; individualCount: 83; sex: males; lifeStage: adult; identifiedBy:
tukasz Przybylowicz; dateldentified: 2017; type: PhysicalObject; institutioniD: http//grbio.
org/cool/8t1f-g226; institutionCode: ZMJU; basisOfRecord: PreservedSpecimen
scientifichlame: Ligulosia costimaculata (Aurivillius, 1910); continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: Mann's Spring, Mount Cameroon;
verbatimElevation: 2,200 m; decimalLafitude: 04.1428; decimalLongitude: 09.1225;
samplingProtocol: Light catching; eventDate: 08/11/2016; habitat: Montane forest close to
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the timberiine; individualCount: 9; sex: females; lifeStage: adult; identifiedBy: tukasz
Przybytowicz; dateldentified: 2017; type: PhysicalObject; institutioniD: http://grbio.org/
cool/8t1f-g226; institutionCode: ZMJU; basisOfRecord: PreservedSpecimen

i scientifichame: Ligulosia costimaculata (Aurvillius, 1910); continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: Mann's Spring, Mount Cameroon;
verbatimElevation: 2,200 m; decimallLatitude: 04.1428; decimallLongitude: 09.1225;
samplingProtocol: Light catching; eventDate: 01/02/2017; habitat: Montane forest close to
the timberline; individualCount: 46; sex: females; lifeStage: adult; identifiedBy: tukasz
Przybytowicz; dateldentified: 2017; type: PhysicalObject; institutioniD: http://arbio.org/
cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord: PreservedSpecimen

J. scientifichlame: Ligulosia costimaculata (Aurivillius, 1910); continent: Africa; country:
Cameroon,; stateProvince: Southwest Region; locality: Mann's Spring, Mount Cameroon;
verbatimElevation: 2,200 m; decimalLatitude: 04.1428; decimalLongitude: 09.1225;
samplingProtocol: Light catching; eventDate: 18/04/2017; habitat: Montane forest close to
the timberiine; individualCount: 64; sex: females; lifeStage: adult; identifiedBy: tukasz
Przybytowicz; dateldentified: 2017; type: PhysicalObject; institutioniD: http://grbio.org/
cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord: PreservedSpecimen

Distribution

This species was reported from montane regions of Central (Democratic Republic of
Congo) and Eastern (Kenya and Tanzania) Africa. Our record thus extended its known
range to the Guinean biogeographic region. It was also the first record of Ligulosia
genus in Cameroon. On Mount Cameroon, it has a relatively broad elevational

distribution range (650-2,200 m a.s.l.), although most specimens were recorded at the
higher elevations (Fig. 9).

A

Figure 9. [T

Ligulosia costimaculata (Aurivillius, 1910). A. dorsal view; B. ventral view. The scale bar
represents 1 cm.

165



16

Delabye S et al

Palaeugoa spurrelli (Hampson, 1914)

Nomenclature

Erebidae, Arctiinae

Materials

a.

scientificName: Palaeugoa spurrelli (Hampson, 1914); continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: Bamboo Camp, Mount Cameroon;
verbatimElevation: 350 m; decimalLafitude: 04.0899; decimallLongitude: 09.0517;
samplingProtocol: Light catching; eventDate: 09/02/2016; habitat: Lowland forest
disturbed by historical selective logging; individualCount: 10; sex: 3 males, 7 females;
lifeStage: adult; identifiedBy: tukasz Przybylowicz; dateldentified: 2017; type:
PhysicalObject; institution|D: hitp://grbio.org/cool/8t1f-g226; institutionCode: ZMJU;
basisOfRecord: PreservedSpecimen

scientificName: Palaeugoa spurrelli (Hampson, 1914); continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: Bamboo Camp, Mount Cameroon;
verbatimElevation: 350 m; decimallLatitude: 04.0899; decimalLongitude: 09.0517;
samplingProtocol: Light catching; eventDate: 20/04/2015; habitat: Lowland forest
disturbed by historical selective logging; individualCount: 28; sex: 16 males, 12 females;
lifeStage: adult; identifiedBy: tukasz Przybylowicz; dateldentified: 2017, type:
PhysicalObject; institution|D: http://grbio.org/cool/5t1f-g2z6; institutionCode: ZMJU;
basisOfRecord: PreservedSpecimen

scientificName: Palaeugoa spurrellii (Hampson, 1914); continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: Bamboo Camp, Mount Cameroon;
verbatimElevation: 350 m; decimalLatitude: 04.0899; decimallLongitude: 09.0517;
samplingProtocol: Light catching; eventDate: 17/12/2014; habitat: Lowland forest
disturbed by historical selective logging; individualCount: 4; sex: 3 males, 1 female;
IfeStage: adult; identifiedBy: tukasz Przybylowicz; dateldentified: 2017; type:
PhysicalObject; institution!D: htip://grbio.org/cool/8t1f-g226; institutionCode: ZMJU;
basisOfRecord: PreservedSpecimen

scientifichame: Palaeugoa spurrelli (Hampson, 1914); continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: Drink Gari, Mount Cameroon;
verbatimElevation: 650 m; decimallLatitude: 04.1022; decimalLongitude: 09.0630;
samplingProtocol: Light catching; eventDate: 04/02/2016; habitat: Primary lowland forest;
individualCount: 71; sex: 33 males, 38 females, lifeStage: adult; identifiedBy: tukasz
Przybytowicz; dateldentified: 2017; type: PhysicalObject; institutioniD: htip:/arbic_org/
cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord: PreservedSpecimen
scientificName: Palaeugoa spurreili (Hampson, 1914); continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: Drink Gari, Mount Cameroon;
verbatimElevation: 650 m; decimallatitude: 04.1022; decimalLongitude: 09.0630;
samplingProtocol: Light catching; eventDate: 20/04/2015; habitat: Primary lowland forest;
individualCount: 14; sex: 12 males, 2 females; life Stage: adult; identifiedBy: tukasz
Przybytowicz; dateldentified: 2017; type: PhysicalObject; institution|D: hitp://grbio.org/
cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord: PreservedSpecimen
scientifichName: Palaeugoa spurrelli (Hampson, 1914); continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: Drink Gari, Mount Cameroon;
verbatimElevation: 650 m; decimalLatitude: 04.1022; decimalLongitude: 09.0630;
samplingProtocol: Light catching; eventDate: 06/12/2014; habitat: Primary lowtand forest;
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individualCount: 10; sex: 9 males, 1 female; lifeStage: adult; identifiedBy: tukasz

g. scientificName: Palaeugoa spurrelli (Hampson, 1914); continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: PlanteCam Camp, Mount
Cameroon; verbatimElevation: 1,100 m; decimalLatitude: 04.1175; decimalLongitude:
09.0709; samplingProtocol: Light catching; eventDate: 30/01/2015; habitat: Upland forest
locally disturbed by elephants; individualCount: 5; sex: 3 males, 2 females; lifeStage:
adult; identifiedBy: tukasz Przybylowicz; dateldentified: 2017; type: PhysicalObject;
institutionlD: http://grbio.org/cocl/8t1f-g2286; institutionCode: ZMJU; basisOfRecord:
PreservedSpecimen

h. scientificName: Palaeugoa spurrefli (Hampson, 1914); continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: PlanteCam Camp, Mount
Cameroon; verbatimElevation: 1,100 m; decimaiLatitude: 04.1175; decimalLongitude:
09.0709; samplingProtocol: Light catching; eventDate: 18/12/2014; habitat: Upland forest
locally disturbed by elephants; individualCount: 2; sex: females; lifeStage: adult;
identifiedBy: tukasz Przybytowicz; dateldentified: 2017; type: PhysicalObject;
institution|D: hitp://grbio.org/cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord:
PreservedSpecimen

Distribution

P spurrelli was reported only from Ghana and Kenya. Such scattered known
distribution implies poor knowledge of the distributional range of the species. This is
also the first record of the Palaeugoa genus in Cameroon. The two records from Mount

Cameroon were made in lowland and upland forests (from 350 to 1,100 m a.s.l.) (Fig.
10).

Figure 10. (11
Palaeugoa spurrelfi (Hampson, 1914). A. dorsal view; B. ventral view. The scale bar
represents 1 cm.
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Calligraphidia opulenta (M&schler, 1887)

Nomenclature

Erebidae, Calpinae

Material

a. scientifichlame: Calligraphidia opulenta (Moschler, 1887); continent: Africa; couniry:

Cameroon; stateProvince: Southwest Region; locality: Mapanja Camp, Mount Cameroon;
verbatimElevation: 1,850 m; decimalLatitude: 04.1157; decimallLongitude: 09.1315;
samplingProtocol: Light catching; eventDate: 10/05/2017; habitat: Montane forest;
individualCount: 1; sex: male; lifeStage: adult; identifiedBy: Syivain Delabye;
dateldentified: 2017; type: PhysicalObject; institutioniD: http://grbio.org/cool/8t1f-g2z6;
institutionCode: ZMJU; basisOfRecord: PreservedSpecimen

Distribution

This species was known from Gabon and Ghana only. This is also the first record of the
Calligraphidia genus in Cameroon. The only specimen from Mount Cameroon was
collected in montane forest (1,850 m as.l.) (Fig. 11).

Figure 11. m

Calligraphidia opulenta (Moschler, 1887). A. dorsal view; B. ventral view. The scale bar
represents 1 cm.

Uripao albizonata Hampson, 1926

Nomenclature

Erebidae, Calpinae

Material

a.

scientifichame: Uripao albizonata Hampson, 1926; continent: Africa; country: Cameroon;
stateProvince: Southwest Region; locality: Mapanja Camp, Mount Cameroon;
verbatimElevation: 1,850 m; decimallLatitude: 04.1157; decimallLongitude: 09.1315;
samplingProtocol: Light catching; eventDate: 15/05/2017; habitat: Montane forest;
individualCount: 1; sex: male; lifeStage: adult; identifiedBy: Syivain Delabye;
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dateldentified: 2017; type: PhysicalObject; institutionID: http://grbio.org/cool/8t1f-g226;
institutionCode: ZMJU; basisOfRecord: PreservedSpecimen

Distribution

This species was known from Gabon and Sierra Leone only. This record confirmed its
broader distribution. This is also the first record of the Uripao genus in Cameroon. On
Mount Cameroon, our only record came from the montane forests (1,850 m a.s.l.) (Fig.

12).

A

Figure 12. E1
Uripao albizonata Hampson, 1926. A. dorsal view; B. ventral view. The scale bar represents 1

cm.

Dasychira punctifera (Walker, 1858)

Nomenclature

Erebidae, Lymantriinae

Materials

a.

scientifichame: Dasychira punctifera (Walker, 1858); continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: Dikolo Peninsula, Bimbia-
Bonadikombo Community Forest; verbatimElevation: 30 m; decimallLatitude: 03.9818;
decimalLongitude: 09.2625; samplingProtocol: Light catching; eventDate: 11/10/2017;
habitat: Coastal forest; individualCount: 1; sex: male; lifeStage: adult; identifiedBy:
Sylvain Delabye; dateldentified: 2017, type: PhysicalObject; institution|D: hitp://griio.org/
cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord: PreservedSpecimen
scientificName: Dasychira punctifera (Walker, 1858); continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: Bamboo Camp, Mount Cameroon;
verbatimElevation: 350 m; decimallLatitude: 04.0899; decimailLongitude: 09.0517;
samplingProtocol: Light catching; eventDate: 13/12/2014; habitat: Lowland forest
disturbed by historical selective logging; individualCount: 1; sex: male; lifeStage: adult;
identifiedBy: Sylvain Delabye; dateldentified: 2017; type: PhysicalObject; institution|D:
hitp://grbio.org/cool/8t1f-g226; institutionCode: ZMJU; basisOfRecord:
PreservedSpecimen

scientificName: Dasychira punctifera (Walker, 1858); continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: Bamboo Camp, Mount Cameroon;
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verbatimElevation: 350 m; decimallLatitude: 04.0899; decimalLongitude: 09.0517;
samplingProtocol: Light catching; eventDate: 20/04/2015; habitat: Lowland forest
disturbed by historical selective logging; individualCount: 9; =ex: 8 males, 1 female;
lifeStage: adult; identifiedBy: Sylvain Delabye; dateldentified: 2017; type: PhysicalObject;
PreservedSpecimen

scientificName: Dasychira punctifera (Walker, 1858); continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: Bamboo Camp, Mount Cameroon;
verbatimElevation: 350 m; decimallatitude: 04.0899; decimallLongitude: 09.0517;
samplingProtocol: Light catching; eventDate: 10/02/2016; habitat: Lowland forest
disturbed by historical selective logging; individualCount: 9; sex: males; lifeStage: adult;
identifiedBy: Sylvain Delabye; dateldentified: 2017; type: PhysicalObject; institutioniD:
http://grbio.org/cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord:
PreservedSpecimen

scientifichame: Dasychira punctifera (Walker, 1858); continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: Drink Gari, Mount Cameroon;
verbatimElevation: 650 m; decimallLafitude: 04.1022; decimalLongitude: 09.0630;
samplingProtocol: Light catching; eventDate: 17/12/2014; habitat: Primary lowiand forest;
individualCount: 1; sex: male; lifeStage: adult; identifiedBy: Syivain Delabye;
dateldentified: 2017; type: PhysicalObject; institutioniD: hitp://grbio.org/cool/8t1f-g226;
institutionCode: ZMJU; basisOfRecord: PreservedSpecimen

scientificName: Dasychira punctifera (Walker, 1858); continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: Drink Gari, Mount Cameroon;
verbatimElevation: 650 m; decimallatitude: 04.1022; decimalLongitude: 09.0630;
samplingProtocol: Light catching; eventDate: 22/04/2015; habitat: Primary lowland forest;
individualCount: 3; sex: males; lifeStage: adult; identifiedBy: Sylvain Delabye,
dateldentified: 2017; type: PhysicalObject; institution|D: http://grbio.org/cool/8t1f-g2z6;
institutionCode: ZMJU; basisOfRecord: PreservedSpecimen

scientificName: Dasychira punctifera (Walker, 1858); continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: Drink Gari, Mount Cameroon;
verbatimElevation: 650 m; decimalLatitude: 04.1022; decimalLongitude: 09.0630;
samplingProtocol: Light catching; eventDate: 05/02/2016; habitat: Primary lowland forest;
individualCount: 9; sex: males; lifeSiage: adult; identifiedBy: Sylvain Delabye;
dateldentified: 2017; type: PhysicalObject; institution!D: http://grbio.org/cool/8t1f-g226;
institutionCode: ZMJU; basisOfRecord: PreservedSpecimen

scientificName: Dasychira punctifera (Walker, 1858); continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: PlanteCam Camp, Mount
Cameroon; verbatimElevation: 1,100 m; decimalLatitude: 04.1175; decimalLongitude:
09.0709; samplingProfocol: Light catching; eventDate: 17/12/2014; habitat: Upland forest
locally disturbed by elephants; individualCount: 1; sex: male; lifeStage: adult; identifiedBy:
Sylvain Delabye; dateldentified: 2017, type: PhysicalObject; institutionlD: hitp://grbio.org/
cool/8t1f-g2z6; institutionCode: ZMJU; basisCfRecord: PreservedSpecimen
scientificName: Dasychira punctifera (Walker, 1858); continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: PlanteCam Camp, Mount
Cameroon; verbatimElevation: 1,100 m; decimalLatitude: 04.1175; decimalLongitude:
09.0709; samplingProtocol: Light catching; eventDate: 07/04/2015; habitat: Upland forest
locally disturbed by elephants; individualCount: 4; sex: males; lifeStage: adult;
identifiedBy: Sylvain Delabye; dateldentified: 2017; type: PhysicalObject; institution|D:
http://grbio.org/cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord:
PreservedSpecimen
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j. scientificName: Dasychira punctifera (Walker, 1858); continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: PlanteCam Camp, Mount
Cameroon; verbatimElevation: 1,100 m; decimalLatitude: 04.1175; decimallLongitude:
09.0709; =amplingProtocol: Light catching; eventDate: 31/01/2016; habitat: Upland forest
locally disturbed by elephants; individualCount: 1; sex: male; lifeStage: adult; identifiedBy:
Sylvain Delabye; dateldeniified: 2017; type: PhysicalObject; institutionD: hitp://grbio.org/
cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord: PreservedSpecimen

k. scientificName: Dasychira punctifera (Walker, 1858); continent: Africa; country:
Cameroon,; stateProvince: Southwest Region; locality: Crater Lake, Mount Cameroon;
verbatimElevation: 1,450 m; decimailLatitude: 04.1443; decimalLongitude: 09.0717;
samplingProtocol: Light catching; eventDate: 28/11/2016; habitat: Submontane forest
locally disturbed by elephants; individualCount: 1; sex: male; lifeStage: adult; identifiedBy:
Sylvain Delabye; dateldentified: 2017, type: PhysicalObject; institution!D: hitp://grbio.ora/
cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord: PreservedSpecimen

L scientificName: Dasychira punctifera (Walker, 1858); continent: Africa; country:
Cameroon,; stateProvince: Southwest Region; locality: Crater Lake, Mount Cameroon;
verbatimElevation: 1,450 m; decimalLatitude: 04.1443; decimalLongitude: 09.0717;
samplingProtocol: Light catching; eventDate: 19/02/2017; habitat: Submontane forest
locally disturbed by elephants; individualCount: 1; sex: male; lifeStage: adult; identifiedBy:
cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord: PreservedSpecimen

m. scientificName: Dasychira punctifera (Walker, 1858); continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: Elephant Camp, Mount Cameroon;
verbatimElevation: 1,850 m; decimalLatitude: 04.1453; decimalLongitude: 09.0870;
samplingProtocol: Light catching; eveniDate: 19/02/2017; habitat: Montane forest locally
disturbed by elephants; individualCount: 1; sex: male; lifeStage: adult; identifiedBy:

cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord: PreservedSpecimen

Distribution

D. punctifera was known from several countries across Central and Eastem Africa (but
none bordering with Cameroon), but also in Céte d'lvoire and South Africa. In the
Mount Cameroon region, it has a very broad elevational range from 30 m to 1,850 m
as.l. (Fig. 13).

Figure 13. £
Dasychira punctifera (Walker, 1858). A. dorsal view; B. ventral view. The scale bar represents
1cm.
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Euproctis ceramozona Collenette, 1931

MNomenclature

Erebidae, Lymantriinae

Materials

a.

scientifichame: Euproclis ceramozona Collenette, 1931; confinent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: Dikolo Peninsula, Bimbia-
Bonadikombo Community Forest; verbatimElevation: 30 m; decimalLatitude: 03.9818;
decimalLongitude: 09.2625; samplingProtocol: Light catching; eventDate: 15/01/2016;
habitat: Coastal forest; individualCount: 1; sex: female; lifeStage: adult; identifiedBy:
Sylvain Delabye; dateldentified: 2017; type: PhysicalObject; institutionlD: hitp:/igribio.org/
cooliBt1f-g276; institutionCode: ZMJL; basisOfRecord: PreservedSpecimen
scientifichame: Euproctis ceramozona Collenette, 1931; confinent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: Bamboo Camp, Mount Camercon;
verbatimElevation: 350 m; decimallatitude: 04 0899; decimalLongitude: 09.0517;
samplingProtocol: Light catching; eventDate: 15M2/2014; habitat- Lowland forest
disturbed by historical zelective logging; individualCount: 3; =ex: males, lifeStage: adult;
identifiedBy: Sylvain Delabye; dateldentified: 2017, type: PhysicalObject; institution|D:
hitp://grbio.org/coolf8t1f-g2=26; institutionCode: ZMJU; basisOfRecord:
PreservedSpecimen

scientifichame: Euproclis ceramozona Collenette, 1931; continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: Bamboo Camp, Mount Camerocon;
verbatimElevation: 350 m; decimallLatitude: 04.0899; decimalLongitude: 09.0517;
samplingProtocol: Light catching; eventDate: 20004/2015; habitat: Lowland forest
disturbed by historical selective logging; individualCount: 5; 2ex: males; lifeStage: adult;
identifiedBy: Sylvain Delabye; dateldentified: 2017; type: PhysicalObject; institutionlD:
hitp:/igrbio.crg/coolf8tif-g2z6; institutionCode: ZMJU; basisOfRecord:
PreservedSpecimen

scientifichame: Euproctis ceramozona Collenette, 1931; continent: Africa; counfry:
Cameroon; stateProvince: Southwest Region; lccality: Bamboo Camp, Mount Cameroon;
verbatimElevation: 350 m; decimallLatitude: 04.0899; decimalLongitude: 09.0517;
samplingProtocel: Light catching; eventDate: 0902/2016; habitat: Lowland forest
disturbed by historical selective logging; individualCount: 24; sex: 21 males, 3 females;
IifeStage: adult; identifiedBy: Sylvain Delabye; dateldentfied: 2017, type: PhysicalObject;
institutionlD: hitp:figrbio.org/coolf8t1f-g276; insfitutionCode: ZMJLY;, basisOfRecord:
PreservedSpecimen

scientifichame: Euproclis ceramozona Collenette, 1931; confinent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: Drink Gari, Mount Cameroon;
verbatimElevation: 650 m; decimallatitude: 04_1022; decimalLongitude: 09.0630;
samplingProtocol: Light catching; eventDate: 17/04/2015; habitat- Primary lowland forest;
individualCount: 2; sex: males; ifeStage: adult; identifiedBy: Sylvain Delabye;
dateldentified: 217, type: PhysicalObject; institution|D: hitp/igrbio.org/cool/Bt1f-g2=6;
institutionCode: ZMJU; basisOfRecord: PrezervedSpecimen

scientifichame: Euproctis ceramozona Collenette, 1931; confinent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: Drink Gari, Mount Cameroon;
verbatimElevation: 650 m; decimallLatitude: 04.1022; decimalLongitude: 09.0630;
samplingProtocol: Light catching; eventDate: 05/02/2016; habitat: Primary lowland forest;
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individualCount: 12; sex: 10 males, 2 females; lifeStage: adult; identifiedBy: Sylvain
Delabye; dateldentified: 2017, type: PhysicalObject; institution]D: http://grbio.org/cool/
8t1f-g226; institutionCode: ZMJU; basisOfRecord: PreservedSpecimen

g. scientifichlame: Euproctis ceramozona Collenette, 1931; continent: Africa; couniry:
Cameroon; stateProvince: Southwest Region; locality: PlanteCam Camp, Mount
Cameroon; verbatimElevation: 1,100 m; decimalLatitude: 04.1175; decimalLongitude:
09.0709; =amplingProtocol: Light catching; eventDate: 09/04/2015; habitat: Upland forest
locally disturbed by elephants; individualCount: 1; sex: male; lifeStage: adult; identifiedBy:
Sylvain Delabye; dateldentified: 2017; type: PhysicalObject; institutioniD: http://grbio.org/
cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord: PreservedSpecimen

Distribution
This species was known from Ghana and Nigena. Our record broadened its known

distribution eastwards. In the Mount Cameroon region, we recorded it in all sampled
lowland and upland forests up to 1,100 m a.s.l. (Fig. 14).

Figure 14. F1J
Euproctis ceramozona Collenette, 1931. A. dorsal view; B. ventral view. The scale bar
represents 1 cm.

Lomadonta saturata Swinhoe, 1904

Nomenclature
Erebidae, Lymantriinae
Materials

a. scientificName: Lomadonta saturata Swinhoe, 1904; continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: Bamboo Camp, Mount Cameroon;
verbatimElevation: 350 m; decimallLatitude: 04.0899; decimallLongitude: 09.0517;
samplingProtocol: Light catching; eventDate: 22/04/2015; habitat: Lowland forest
disturbed by historical selective logging; individua!Count: 1; sex: male; lifeStage: adult;
identifiedBy: Sylvain Delabye; dateldentified: 2017; type: PhysicalObject; institution|D:
http://grbio.org/cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord:
PreservedSpecimen

b. scientificName: Lomadonta saturata Swinhoe, 1904; continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: Bamboo Camp, Mount Cameroon;
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verbatimElevation: 350 m; decimallatitude: 04.0899; decimailLongitude: 09.0517;
samplingProtocol: Light catching; eventDate: 10/02/2016; habitat: Lowland forest
disturbed by historical selective logging; individualCount: 2; sex: males; lifeStage: adulf;
identifiedBy: Sylvain Delabye; dateldentified: 2017; type: PhysicalObject; institutionID:
hitp://grbio.org/cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord:
PreservedSpecimen

scientificame: Lomadonta saturata Swinhoe, 1904; continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: Drink Gari, Mount Cameroon;
verbatimElevation: 650 m; decimallLatitude: 04.1022; decimalLongitude: 09.0630;
samplingProtocol: Light catching; eventDate: 16/04/2015; habitat: Primary lowland forest;
individualCount: 1; sex: male; lifeStage: adult; identifiedBy: Sylvain Delabye;
dateldentified: 2017; type: PhysicalObject; institutionID: http://grbio.org/cool/8t1f-g226;
institutionCode: ZMJU; basisOfRecord: PreservedSpecimen

scientifichame: Lomadonta saturata Swinhoe, 1904; continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: Drink Gari, Mount Cameroon;
verbatimElevation: 650 m; decimallatitude: 04.1022; decimailLongitude: 09.0630;
samplingProtocol: Light catching; eventDate: 05/02/2016; habitat: Primary lowland forest;
individualCount: 5; sex: 4 males, 1 female; lifeStage: adult; identifiedBy: Sylvain Delabye;
institutionCode: ZMJU; basisOfRecord: PreservedSpecimen

scientificName: Lomadonta saturata Swinhoe, 1904; continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: PlanteCam Camp, Mount
Cameroon; verbatimElevation: 1,100 m; decimallLatitude: 04.1175; decimallLongitude:
09.0709; samplingProtocol: Light catching; eventDate: 01/02/2016; habitat: Upland forest
locally disturbed by elephants; individualCount: 1; sex: male; lifeStage: adult; identifiedBy:
Sylvain Delabye; dateldentified: 2017; type: PhysicalObject; institution|D: http://igrbio.org/
cool/8t1f-g2z8; institutionCode: ZMJU; basisOfRecord: PreservedSpecimen
scientifichame: Mimopacha tripunctata (Aurivillius, 1905); continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: Crater Lake, Mount Cameroon;
verbatimElevation: 1,450 m; decimalLatitude: 04.1443; decimalLongitude: 09.0717;
samplingProtocol: Light catching; eventDate: 24/11/2016; habitat: Submontane forest
locally disturbed by elephants; individualCount: 2; sex: males; lifeStage: adult;
identifiedBy: Vincent Maicher; dateldentified: 2017; type: PhysicalObject; institutioniD:
http://grbio.org/cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord:
PreservedSpecimen

scientifichName: Mimopacha tripunctata (Aurivillius, 1905); continent: Africa; country:
Cameroon,; stateProvince: Southwest Region; locality: Elephant Camp, Mount Cameroon;
verbatimElevation: 1,850 m; decimallLatitude: 04.1453; decimalLongitude: 09.0870;
samplingProtocol: Light catching; eventDate: 18/11/2014; habitat: Montane forest locally
disturbed by elephants; individualCount: 2; sex: males; lifeStage: adult; identifiedBy:
Vincent Maicher; dateldentified: 2017; type: PhysicalObject; institutioniD: http://grbic.org/
cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord: PreservedSpecimen
scientificName: Mimopacha tripunctata (Aurivillius, 1905); continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: Mapanja Camp, Mount Cameroon;
verbatimElevation: 1,850 m; decimalLatitude: 04.1157; decimallLongitude: 09.1315;
samplingProtocol: Light catching; eventDate: 24/10/2017; habitat: Montane forest;
individualCount: 2; sex: males,; lifeStage: adult; identifiedBy: Vincent Maicher;
dateldentified: 2017; type: PhysicalObject; institutionID: http://grbio.org/cool/8t1f-g226;
institutionCode: ZMJU; basisOfRecord: PreservedSpecimen
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Distribution

This species was considered as endemic to Nigeria; we extended its known distribution
eastwards. On Mount Cameroon, it was collected in forests from 350 to 1,100 m as.l.
(Fig. 15).

A

Figure 15. [

Lomadonta saturata Swinhoe, 1904. A. dorsal view; B. ventral view. The scale bar represents
1cm.

Orgyia basalis (Walker, 1855)

Nomenclature
Erebidae, Lymantriinae
Materials

a. scientificName: Orgyia basalis (Walker, 1855); continent: Africa; country: Cameroon;
stateProvince: Southwest Region; locality: Bamboo Camp, Mount Cameroon;
verbatimElevation: 350 m; decimailatitude: 04.0899; decimalLongitude: 09.0517;
samplingProtocol: Light catching; eventDate: 15/12/2014; habitat: Lowland forest
disturbed by historical selective logging; individualCount: 2; sex: males; lifeStage: adulf;
identifiedBy: Sylvain Delabye; dateldentified: 2017; type: PhysicalObject; institutioniD
htip://grbio.org/cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord:
PreservedSpecimen

b. scientificName: Orgyia basalis (Walker, 1855); continent: Africa; country: Cameroon;
stateProvince: Southwest Region; locality: Bamboo Camp, Mount Cameroon;
verbatimElevation: 350 m; decimallLatitude: 04.0899; decimalLongitude: 09.0517;
samplingProtocol: Light catching; eventDate: 20/04/2015; habitat: Lowland forest
disturbed by historical selective logging; individualCount: 3; =ex: males; lifeStage: adult;
identifiedBy: Sylvain Delabye; dateldentified: 2017; type: PhysicalObject; institution|D:
hitp://grbio.org/cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord:
PreservedSpecimen

c. scientifichlame: Orgyia basalis (Walker, 1855); continent: Africa; country: Cameroon;
stateProvince: Southwest Region; locality: Bamboo Camp, Mount Cameroon;
verbatimElevation: 350 m; decimallLatitude: 04.0899; decimalLongitude: 09.0517;
samplingProtocol: Light catching; eventDate: 09/02/2016; habitat: Lowland forest
disturbed by historical selective logging; individualCount: 9; =ex: 8 males, 1 female;
lifeStage: adult; identifiedBy: Sylvain Delabye; dateldentified: 2017; type: PhysicalObject;
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institution|D: http://grbio.org/cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord:
PreservedSpecimen

d. scientificName: Orgyia basalis (Walker, 1855); continent: Africa; country: Cameroon;
stateProvince: Southwest Region; locality: Drink Gari, Mount Cameroon;
verbatimElevation: 650 m; decimalLatitude: 04.1022; decimalLongitude: 09.0630;
samplingProtocol: Light catching; eventDate: 14/11/2015; habitat Primary lowland forest;
individualCount: 2; sex: males; lifeStage: adult; identifiedBy: Sylvain Delabye;
dateldentified: 2017; type: PhysicalObject; institution|D: hitp:/igrbio.org/cool/8t1f-g226;
institutionCode: ZMJU; basisOfRecord: PreservedSpecimen

B scientifichName: Orgyia basalis (Walker, 1855); continent: Africa; country: Cameroon;
stateProvince: Southwest Region; locality: Drink Gari, Mount Cameroon;
verbatimElevation: 650 m; decimallLatitude: 04.1022; decimallLongitude: 09.0630;
samplingProtocol: Light catching; eventDate: 04/02/2016; habitat: Primary lowiand forest;
individualCount: 5; sex: males; lifeStage: adult; identifiedBy: Sylvain Delabye;
dateldentified: 2017; type: PhysicalObject; institution!D: http:/grbio.org/cool/8t1f-g2z6;
institutionCode: ZMJU; basisOfRecord: PreservedSpecimen

f. scientificName: Orgyia basalis (Walker, 1855); continent: Africa; country: Cameroon;
stateProvince: Southwest Region; locality: PlanteCam Camp, Mount Cameroon,;
verbatimElevation: 1,100 m; decimaiLatitude: 04.1175; decimallongitude: 09.0709;
samplingProtocol: Light catching; eventDate: 13/04/2015; habitat: Upland forest locally
disturbed by elephants; individualCount: 2; sex: males; lifeStage: adult; identifiedBy:
Sylvain Delabye; dateldentified: 2017; type: PhysicalObject; institution!D: hitp://grbio.org/
cool/8t1f-g226; institutionCode: ZMJU; basisOfRecord: PreservedSpecimen

Distribution

This species was previously recorded only in Sierra Leone and Zimbabwe; our record
thus partly filled the wide gap in its distribution. It is also the first record of the Orgyia
genus in Cameroon. On Mount Cameroon, it was recorded in lowland and upland
forests ranges from 350 to 1,100 m a.s.l. (Fig. 16).

Figure 16. [T
Orgyia basalis (Walker, 1855). A. dorsal view; B. ventral view. The scale bar represents 1 cm.
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Pirga ubangiana Schultze, 1934

Nomenclature
Erebidae, Lymantriinae
Materials

a. scientifichlame: Pirga ubangiana Schultze, 1934; continent: Africa; country: Cameroon;
stateProvince: Southwest Region; locality: Bamboo Camp, Mount Cameroon;
verbatimElevation: 350 m; decimallLatitude: 04.0899; decimalLongitude: 09.0517;
samplingProtocol: Light catching; eventDate: 20/04/2015; habitat: Lowland forest
disturbed by historical selective logging; individualCount: 2; sex: females; lifeStage: adult;
identifiedBy: Sylvain Delabye; dateldentified: 2017; type: PhysicalObject; institutionlD:
http://grbio.org/cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord:
PreservedSpecimen

b. scientificName: Pirga ubangiana Schultze, 1934; continent: Africa; country: Cameroon;
stateProvince: Southwest Region; locality: Drink Gari, Mount Cameroon;
verbatimElevation: 650 m; decimallLafitude: 04.1022; decimalLongitude: 09.0630;
samplingProtocol: Light catching; eventDate: 03/02/2016; habitat: Primary lowland forest;
individualCount: 2; sex: females; ifeStage: adult; identifiedBy: Sylvain Delabye;
dateldentified: 2017; type: PhysicalObject; institutionlD: hittp://grbio.org/cool/8t1f-g226;
institutionCode: ZMJU,; basisOfRecord: PreservedSpecimen

Distribution

This species was known only from Uganda and Central African Republic. Our
Cameroonian record thus broadened its distribution range westwards to the Guinean
biogeographic region. On Mount Cameroon, it was collected in lowland forests at 350
and 650 m as.l. (Fig. 17).

Figure 17. [

Pirga ubangiana Schultze, 1934. A. dorsal view; B. ventral view. The scale bar represents 1
cm.
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Rhypopteryx rubripunctata (Weymer, 1892)

Nomenclature

Erebidae, Lymantriinae

Materials

a.

scientificName: Rhypopteryx rubripunctata (Weymer, 1892); continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: Dikolo Peninsula, Bimbia-
Bonadikombo Community Forest; verbatimElevation: 30 m; decimallatitude: 03.9818;
decimalLongitude: 09.2625; samplingProtocol: Light catching; eventDate: 14/01/2016;
habitat: Coastal forest; individualCount: 6; sex: males; lifeStage: adult; identifiedBy:
Sylvain Delabye; dateldentified: 2017; type: PhysicalObject; institutionlD: http://grbio.org/
cool/8t1f-g2z86; institutionCode: ZMJU; basisOfRecord: PreservedSpecimen
scientificName: Rhypopteryx rubripunctata (Weymer, 1892); continent: Africa; country:
Cameroon, stateProvince: Southwest Region; locality: Bamboo Camp, Mount Cameroon;
verbatimElevation: 350 m; decimallatitude: 04.0899; decimalLongitude: 09.0517;
samplingProtocol: Light catching; eventDate: 19/12/2014; habitat: Lowland forest
disturbed by historical selective logging; individualCount: 1; sex: male; lifeStage: adult;
identifiedBy: Sylvain Delabye; dateldentified: 2017; type: PhysicalObject; institution|D:
http://grbio.org/cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord:
PreservedSpecimen

scientificName: Rhypopteryx rubripunctata (Weymer, 1892); continent: Africa; country:
Cameroon,; stateProvince: Southwest Region; locality: Bamboo Camp, Mount Cameroon;
verbatimElevation: 350 m; decimalLatitude: 04.0899; decimallLongitude: 09.0517;
samplingProtocol: Light catching; eventDate: 17/04/2015; habitat: Lowland forest
disturbed by historical selective logging; individualCount: 1; sex: male; lifeStage: adult;
identifiedBy: Sylvain Delabye; dateldentified: 2017; type: PhysicalObject; institution|D:
http://grbio.org/cooll8t1f-g2z6; institutionCode: ZMJU;, basisOfRecord:
PreservedSpecimen

scientifichame: Rhypopteryx rubripunctata (Weymer, 1892); continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: Bamboo Camp, Mount Cameroon;
verbatimElevation: 350 m; decimallLatitude: 04.0899; decimalLongitude: 09.0517;
samplingProtocol: Light catching; eventDate: 09/02/2016; habitat: Lowland forest
disturbed by historical selective logging; individualCount: 17; sex: females; lifeStage:
adult; identifiedBy: Sylvain Delabye; dateldentified: 2017; type: PhysicalObject;
institutioniD: http://grbio.org/cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord:
PreservedSpecimen

scientifichame: Rhypopteryx rubripunctata (Weymer, 1892); continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: Drink Gari, Mount Cameroon;
verbatimElevation: 650 m; decimallLatitude: 04.1022; decimallLongitude: 09.0630;
samplingProtocol: Light catching; eventDate: 09/02/2017; habitat: Primary lowland forest;
individualCount: 1; sex: males; lifeStage: adult; identifiedBy: Sylvain Delabye;
dateldentified: 2017; type: PhysicalObject; institutioniD: http://grbio.org/cool/Bt1f-g2z6;
institutionCode: ZMJU; basisOfRecord: PreservedSpecimen
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Distribution

This species was known from the Democratic Republic of Congo, Tanzania and South
Africa. Our record in Cameroon is thus the westermmost for the species and extended
its distribution to the Guinean biogeographic region. In the Mount Cameroon region, it
was recorded in all studied lowland forests up to 650 m a.s.I. (Fig. 18).

Figure 18. [ dol

Rhypopteryx rubripunctata (Weymer, 1892). A. dorsal view; B. ventral view. The scale bar
represents 1 cm.

Stenoglene plagiatus (Aurivillius, 1911)
Nomenclature
Eupterotidae, Janinae

Material

a. scientifichlame: Stenoglene plagiatus (Aurivillius, 1911); continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: Dikolo Peninsula, Bimbia-
Bonadikombo Community Forest; verbatimElevation: 30 m; decimallatitude: 03.9818;
decimalLongitude: 09.2625; samplingProtocol: Light catching; eventDate: 17/01/2016;
habitat: Coastal forest; individualCount: 1; sex: male; lifeStage: adult; identifiedBy:
Vincent Maicher; dateldentified: 2017; type: PhysicalObject; institutioniD: hitp://grbio.org/
cool/8t1f-g2z8; institutionCode: ZMJU; basisOfRecord: PreservedSpecimen

Figure 19. [T

Stenoglene plagiatus (Aurivillius, 1911). A. dorsal view; B. ventral view. The scale bar
represents 1 cm.
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Distribution

The known distribution of this species already included the Guinean (Ghana) and
Congolian (Gabon, Central African Republic and Democratic Republic of Congo)
biogeographic regions. The only specimen was collected in coastal forest at 30 m as.l.
(Fig. 19).

Hypotrabala castanea Holland, 1893

Nomenclature
Lasiocampidae, Lasiocampinae
Materials

a. scientificName: Hypofrabala castanea Holland, 1893; continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: Dikolo Peninsula, Bimbia-
Bonadikombo Community Forest; verbatimElevation: 30 m; decimallatitude: 03.9818;
decimalLongifude: 09.2625; samplingProtocol: Light catching; eventDate: 10/10/2017;
habitat: Coastal forest; individualCount: 1; sex: male; lifeStage: adult; identifiedBy:
Vincent Maicher; dateldentified: 2017; type: PhysicalObject; institution|D: hitp://grbio.org/
cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord: PreservedSpecimen

b. scientificName: Hypotrabala castanea Holland, 1893; continent: Africa; couniry:
Cameroon; stateProvince: Southwest Region; locality: Bamboo Camp, Mount Cameroon;
verbatimElevation: 350 m; decimallLatitude: 04.0899; decimailLongitude: 09.0517;
samplingProtocol: Light catching; eventDate: 18/04/2015; habitat: Lowland forest
disturbed by historical selective logging; individualCount: 2; sex: males; lifeStage: adult;
identifiedBy: Vincent Maicher; dateldentified: 2017; type: PhysicalObject; institution|D:
hitp://grbio.org/cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord:
PreservedSpecimen

Distribution

This species was reported from Ghana, Nigeria and Gabon. It is also the first record of
Hypotrabala genus in Cameroon. In the Mount Cameroon region, it was collected in
lowland forests up to 350 m a.s.l. (Fig. 20).

Figure 20. [

Hypotrabala castanea Holland, 1893. A. dorsal view; B. ventral view. The scale bar represents
1cm.
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Mimopacha tripunctata (Aurivillius, 1905)

Nomenclature

Lasiocampidae, Lasiocampinae

Materials

a.

scientifichame: Mimopacha tripunctata (Aurivillius, 1905); continent: Africa; country:
Cameroon,; stateProvince: Southwest Region; locality: Crater Lake, Mount Cameroon;
verbatimElevation: 1,450 m; decimalLatitude: 04.1443; decimalLongitude: 09.0717;
samplingProtocol: Light catching; eventDate: 24/11/2016; habitat: Submontane forest
locally disturbed by elephants; individualCount: 2; sex: males; lifeStage: adult;
identifiedBy: Vincent Maicher; dateldentified: 2017; type: PhysicalObject; institutionID:
http://grbio.org/cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord:
PreservedSpecimen

scientificName: Mimopacha tripunctata (Aurivillius, 1905); continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality. Elephant Camp, Mount Cameroon;
verbatimElevation: 1,850 m; decimallLatitude: 04.1453; decimalLongitude: 09.0870;
samplingProtocol: Light catching; eventDate: 18/11/2014; habitat: Montane forest locally
disturbed by elephants; individualCount: 2; sex: males; lifeStage: adult; identifiedBy:
Vincent Maicher; dateldentified: 2017; type: PhysicalObject; institutioniD: hitp://grbio.org/
cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord: PreservedSpecimen
scientificName: Mimopacha tripunctata (Aurivillius, 1905); continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: Mapanja Camp, Mount Cameroon;
verbatimElevation: 1,850 m; decimalLatitude: 04.1157; decimallongitude: 09.1315;
samplingProtocol: Light catching; eventDate: 24/10/2017; habitat: Montane forest;
individualCount: 2; sex: males; lifeStage: adult; identifiedBy: Vincent Maicher;
dateldentified: 2017; type: PhysicalObject; institutionID: http://grbio.org/cool/Bt1f-g2z6;
institutionCode: ZMJU; basisOfRecord: PreservedSpecimen

Figure 21. [}

Mimopacha tripunctata (Aurivillius, 1905). A. dorsal view; B. ventral view. The scale bar
represents 1 cm.

Distribution

This species was known from the Guinean (Céte d'Ivoire and Nigenia) and Zambezian
(Kenya, Tanzania and Uganda) biogeographic regions, with a large distribution gap in
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the Congolian biogeographic region. On Mount Cameroon, it was recorded in the
submontane and montane forests between 1,450 and 1,850 m a.s.l. (Fig. 21).

Pachytrina gliharta Zolotuhin & Gurkovich

Nomenclature

Lasiocampidae, Lasiocampinae

Materials

scientifichName: Pachytrina gilharta Zolotuhin & Gurkovich, 2009; continent: Africa;
couniry: Cameroon; stateProvince: Southwest Region; locality: Bamboo Camp, Mount
Cameroon; verbatimElevation: 350 m; decimallLatitude: 04.0899; decimalLongitude:
09.0517; samplingProtocol: Light catching; eventDate: 16/12/2014; habitat: Lowland
forest disturbed by historical selective logging; individualCount: 1; sex: male; lifeStage:
adult; identifiedBy: Vincent Maicher; dateldentified: 2017; type: PhysicalObject;
institution|D: http://grbio.org/cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord:
PreservedSpecimen

scientificName: Pachytrina gilharta Zolotuhin & Gurkovich, 2009; continent: Africa;
country: Cameroon; stateProvince: Southwest Region; locality: Bamboo Camp, Mount
Cameroon; verbatimElevation: 350 m; decimallLatitude: 04.0899; decimalLongitude:
09.0517; samplingProtocol: Light catching; eventDate: 23/04/2015; habitat: Lowland
forest disturbed by historical selective logging; individualCount: 1; sex: male; lifeStage:
adult; identifiedBy: Vincent Maicher; dateldentified: 2017; type: PhysicalObject;
institution|D: hitp://grbio.org/cool/8t1f-g22z6; institutionCode: ZMJU; basisOfRecord:
PreservedSpecimen

scientifichame: Pachytrina gilharta Zolotuhin & Gurkovich, 2009; continent: Africa;
country: Cameroon; stateProvince: Southwest Region; locality: Bamboo Camp, Mount
Cameroon; verbatimElevation: 350 m; decimallLatitude: 04.0899; decimalLongitude:
09.0517; samplingProtocol: Light catching; eventDate: 06/02/2016; habitat: Lowland
forest disturbed by historical selective logging; individualCount: 1; sex: male; lifeStage
adult; identifiedBy: Vincent Maicher; dateldentified: 2017; type: PhysicalObject;
insfitution|D: hitp://grbio.org/cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord:
PreservedSpecimen

scientificName: Pachytrina gilharta Zolotuhin & Gurkovich, 2009; continent: Africa;
country: Cameroon; stateProvince: Southwest Region; locality: Drink Gari, Mount
Cameroon; verbatimElevation: 650 m; decimallatitude: 04.1022; decimalLongitude:
09.0630; sampiingProtocol: Light catching; eventDate: 23/04/2015; habitat: Primary
lowland forest; individualCount: 1; sex: male; lifeStage: adult; identifiedBy: Vincent
Maicher; dateidentified: 2017, type: PhysicalObject; institutioniD: http:/fgrbio.org/cool/8t1f-
g2z6; institutionCode: ZMJU; basisOfRecord: PreservedSpecimen

Distribution

This species was already known from several countries in the Guinean and Congolian
biogeographic regions, including Nigeria, Gabon and Congo bordering Cameroon. On
Mount Cameroon, it was recorded in lowland forests at 350 and 650 m a.s.l. (Fig. 22).
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Figure 22. (5]

Pachytrina gliharta Zolotuhin & Gurkovich, 2009. A. dorsal view; B. ventral view. The scale bar
represents 1 cm.

Archinadata aurivilliusi (Kiriakoff, 1954)

Nomenclature

Notodontidae, Notodontinae

Materials

a.

scientifichame: Archinadata aurivilliusi (Kiriakoff, 1954); continent: Africa; country:
Cameroon,; stateProvince: Southwest Region; locality: Bamboo Camp, Mount Cameroon;
verbatimElevation: 350 m; decimallLatitude: 04.0899; decimalLongitude: 09.0517;
samplingProtocol: Light catching; eventDate: 23/04/2015; habitat: Lowland forest
disturbed by historical selective logging; individualCount: 1; sex: male; lifeStage: adult;
identifiedBy: Vincent Maicher; dateldentified: 2017; type: PhysicalObject; institutioniD:
http://grbio.org/cool/3t1f-g2z6; institutionCode: ZMJU; basisOfRecord:
PreservedSpecimen

scientificName: Archinadata aunviliiusi (Kiriakoff, 1954); continent: Africa; country:
Cameroon,; stateProvince: Southwest Region; locality: Drink Gari, Mount Cameroon;
verbatimElevation: 650 m; decimailatitude: 04.1022; decimalLongitude: 09.0630;
samplingProtocol: Light catching; eventDate: 17/04/2015; habitat: Primary lowland forest;
individualCount: 5; sex: males; lifeStage: adult; identifiedBy: Vincent Maicher;
dateldentified: 2017; type: PhysicalObject; institution|D: http://grbio.org/cool/8t1f-g226;
institutionCode: ZMJU; basisOfRecord: PreservedSpecimen

Distribution

This species was known from the Guinean (Cote d'lvoire) and Congolian (Gabon,
Democratic Republic of Congo and Rwanda) biogeographic regions. It is also the first
record of the Archinadata genus in Cameroon. On Mount Cameroon, it was recorded in
the lowland forests at 350 and 650 m a.s.|. (Fig. 23).
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Figure 23. (1]
Archinadata aunvilliusi (Kiriakoff, 1954). A. dorsal view; B. ventral view. The scale bar
represents 1 cm.

Brachychira punctulata Kiriakoff, 1966

Nomenclature

Notodontidae, Notodontinae

Materials

a.

scientifichlame: Brachychira punctulata Kiriakoff, 1966; continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: Bamboo Camp, Mount Cameroon;
verbatimElevation: 350 m; decimalLatitude: 04.0899; decimailLongitude: 09.0517;
samplingProtocol: Light catching; eventDate: 16/12/2014; habitat: Lowland forest
disturbed by historical selective logging; individualCount: 14; sex: males; lifeSiage: adult;
identifiedBy: Vincent Maicher; dateldentified: 2017, type: PhysicalObject; institutionID:
http://grbio.org/cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord:
PreservedSpecimen

scientifichame: Brachychira punctulata Kiriakoff, 1966; continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: Bamboo Camp, Mount Cameroon;
verbatimElevation: 350 m; decimallLafitude: 04.0899; decimalLongitude: 09.0517;
samplingProtocol: Light catching; eventDate: 22/04/2015; habitat: Lowland forest
disturbed by historical selective logging; individualCount: 1; sex: male; lifeStage: adult;
identifiedBy: Vincent Maicher; dateldentified: 2017; type: PhysicalObject; institution|D:
hitp://grbio.org/cool/8t1f-g226; institutionCode: ZMJU; basisOfRecord:
PreservedSpecimen

scientifichame: Brachychira punctulata Kiriakoff, 1966; continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: Bamboo Camp, Mount Cameroon;
verbatimElevation: 350 m; decimallLatitude: 04.0899; decimallLongitude: 09.0517;
samplingProtocol: Light catching; eventDate: 08/02/2016; habitat: Lowland forest
disturbed by historical selective logging; individua!Count: 7; sex: 6 males, 1 female;
lifeStage: adult; identifiedBy: Vincent Maicher; dateldentified: 2017, type: PhysicalObject;

PreservedSpecimen

scientificName: Brachychira punctulata Kiriakoff, 1966; continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: Drink Gari, Mount Cameroon;
verbatimElevation: 650 m; decimallatitude: 04.1022; decimailLongitude: 09.0630;
samplingProtocol: Light catching; eventDate: 05/02/2016; habitat: Primary lowland forest;
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individualCount: 20; sex: males; lifeStage: adult; identifiedBy: Vincent Maicher;
dateldentified: 2017, type: PhysicalObject; institutioniD: http://grbio.org/cool/Bt1f-g226;
institutionCode: ZMJU; basisOfRecord: PreservedSpecimen

e. scientificName: Brachychira punctulata Kiriakoff, 1966; continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: Drink Gari, Mount Cameroon;
verbatimElevation: 650 m; decimallatitude: 04.1022; decimaiLongitude: 09.0630;
samplingProtocol: Light catching; eventDate: 09/12/2014; habitat: Primary lowland forest;
individualCount: 5; sex: males; lifeStage: adult; identifiedBy: Vincent Maicher;
dateldentified: 2017; type: PhysicalObject; institution|D: http://grbio.org/cool/8t1f-g2z6;
institutionCode: ZMJU; basisOfRecord: PreservedSpecimen

f. scientificName: Brachychira punctulata Kiriakoff, 1966; continent: Africa; country:
Cameroon,; stateProvince: Southwest Region; locality: Drink Gari, Mount Cameroon;
verbatimElevation: 650 m; decimallLatitude: 04.1022; decimalLongitude: 09.0630;
samplingProtocol: Light catching; eventDate: 20/04/2015; habitat: Primary lowland forest;
individualCount: 7; sex: males; lifeStage: adult; identifiedBy: Vincent Maicher;
dateldentified: 2017; type: PhysicalObject; institution!D: http://grbio.org/cocl/8t1f-g226;
institutionCode: ZMJU; basisOfRecord: PreservedSpecimen

g. scientificName: Brachychira punctulata Kiriakoff, 1966; continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: PlanteCam Camp, Mount
Cameroon; verbatimElevation: 1,100 m; decimallLatitude: 04.1175; decimallLongitude:
09.0709; sampiingProtocol: Light catching; eventDate: 11/04/2015; habitat: Upland forest
locally disturbed by elephants; individuzlCount: 5; sex: males, life Stage: adult;
identifiedBy: Vincent Maicher; dateldentified: 2017; type: PhysicalObject; institution!D:
http:/igrbio.org/cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord:
PreservedSpecimen

h. scientificName: Brachychira punctulata Kiriakoff, 1966; continent: Africa; country:
Cameroon,; stateProvince: Southwest Region; locality: PlanteCam Camp, Mount
Cameroon; verbatimElevation: 1,100 m; decimalLatitude: 04.1175; decimalLongitude:
09.0709; sampiingProtocol: Light catching; eventDate: 01/02/2016; habitat: Upland forest
locally disturbed by elephants; individualCount: 4; sex: males; lifeStage: adult;
identifiedBy: Vincent Maicher; dateldentified: 2017; type: PhysicalObject; institution!D:
http://grbio.org/cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord:
PreservedSpecimen

Figure 24. [

Brachychira punctulata Kiriakoff, 1966. A. dorsal view; B. ventral view. The scale bar
represents 1 cm.
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Distribution

This species was considered endemic to Gabon. Our record in Cameroon extended its
distribution range into the Guinean biogeographic region. On Mount Cameroon, it
occurred in lowland and upland forests between 350 and 1,100 m as.|. (Fig. 24).

Gargettoscrancia albolineata (Strand, 1912)

Nomenclature
Notodontidae, Notodontinae
Materials

a. scientificName: Gargeftoscrancia albofineata (Strand, 1912); continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: Bamboo Camp, Mount Cameroon;
verbatimElevation: 350 m; decimallLatitude: 04.0899; decimailongitude: 09.0517;
samplingProtocol: Light catching; eventDate: 17/04/2015; habitat: Lowland forest
disturbed by historical selective logging; individua!Count: 1; sex: male; lifeStage: adult;
identifiedBy: Vincent Maicher; dateldentified: 2017; type: PhysicalObject; institutioniD:
http://grbio.org/cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord:
PreservedSpecimen

b. scientificName: Gargettoscrancia albofineata (Strand, 1912); continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: Drink Gari, Mount Cameroon;
verbatimElevation: 650 m; decimallLatitude: 04.1022; decimalLongitude: 09.0630;
samplingProtocol: Light catching; eventDate: 22/04/2015; habitat: Primary lowland forest;
individualCount: 1; sex: female; lifeStage: adult; identifiedBy: Vincent Maicher;
dateldentified: 2017; type: PhysicalObject; institution|D: http://grbio.org/cool/8t1f-g226;
institutionCode: ZMJU; basisOfRecord: PreservedSpecimen

c. scientificName: Gargetfoscrancia albofineata (Strand, 1912); continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: PlanteCam Camp, Mount
Cameroon; verbatimElevation: 1,100 m; decimalLatitude: 04.1175; decimalLongitude:
09.0709; samplingProtocol: Light catching; eventDate: 13/04/2015; habitat: Upland forest
locally disturbed by elephants; individualCount: 2; sex: males; lifeStage: adulf;
identifiedBy: Vincent Maicher; dateldentified: 2017; type: PhysicalObject; institutioniD:
hitp://grbio.org/cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord:
PreservedSpecimen

d. scientificName: Gargettoscrancia albofineata (Strand, 1912); continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locaiity: Crater Lake, Mount Cameroon;
verbatimElevation: 1,450 m; decimallLatitude: 04.1443; decimalLongitude: 09.0717;
samplingProtocol: Light catching; eventDate: 17/02/2017; habitat: Submontane forest
locally disturbed by elephants; individualCount: 1; sex: male; lifeStage: adult; identifiedBy:
Vincent Maicher; dateldentified: 2017; type: PhysicalObject; institution!D: hitp://grbio.org/
cool/8t1f-g226; institutionCode: ZMJU; basisOfRecord: PreservedSpecimen
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Figure 25. [Tl
Gargettoscrancia albofineata (Strand, 1912). A. dorsal view; B. ventral view. The scale bar
represents 1 cm.

Distribution

This species was known from the Guinean (lvory Coast) and Congolian (Equatorial
Guinea and the Democratic Republic of the Congo) biogeographic regions. It is also
the first record of the Gargeftoscrania genus in Cameroon. On Mount Cameroon, it was
collected in lowland (350 m a.s.l.) to submontane (1,450 m a.s.|.) forests (Fig. 25).

Pseudobarobata denticulata Kiriakoff, 1966

Nomenclature
Notodontidae, Notodontinae
Materials

a. scientifichlame: Pseudobarobata denticulata Kiniakoff, 1966; continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: Dikolo Peninsula, Bimbia-
Bonadikombo Community Forest; verbatimElevation: 30 m; decimallLatitude: 03.9818;
decimalLongitude: 09.2625; samplingProtoco!: Light catching; eventDate: 14/01/2016;
habitat: Coastal forest; individualCount: 1; sex: female; lifeStage: adult; identifiedBy:
Vincent Maicher; dateldentified: 2017; type: PhysicalObject; institutioniD: hitp://grbio.org/
cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord: PreservedSpecimen

b. scientifichName: Pseudobarobata denticulata Kiriakoff, 1966; continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: Bamboo Camp, Mount Cameroon;
verbatimElevation: 350 m; decimallLafitude: 04.0899; decimallLongitude: 09.0517;
samplingProtocol: Light catching; eventDate: 13/12/2014; habitat: Lowland forest
disturbed by historical selective logging; individualCount: 1; sex: male; lifeStage: adult;
identifiedBy: Vincent Maicher; dateldentified: 2017, type: PhysicalObject; institutionID:
PreservedSpecimen

c. scientifichame: Pseudobarobata denticulata Kiriakoff, 1966; continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: Bamboo Camp, Mount Cameroon;
verbatimElevation: 350 m; decimallLatitude: 04.0899; decimalLongitude: 09.0517;
samplingProtocol: Light catching; eventDate: 21/04/2015; habitat: Lowland forest
disturbed by historical selective logging; individualCount: 4; sex: males; lifeStage: adult;
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identifiedBy: Vincent Maicher; dateldentified: 2017; type: PhysicalObject; institutioniD:
hitp://grbio.org/cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord:
PreservedSpecimen

d. scientificName: Pseudobarobata denticulata Kiriakoff, 1966; continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: Bamboo Camp, Mount Cameroon;
verbatimElevation: 350 m; decimailLatitude: 04.0899; decimalLongitude: 09.0517;
samplingProtocol: Light catching; eventDate: 11/02/2016; habitat: Lowland forest
disturbed by historical selective logging; individualCount: 1; sex: male; lifeStage: adult;
identifiedBy: Vincent Maicher; dateldentified: 2017; type: PhysicalObject; institution|D:
hitp://grbio.org/cool/8t1-g2z6; institutionCode: ZMJU; basisOfRecord:
PreservedSpecimen

e. scientifichame: Pseudobarobata denticulata Kiriakoff, 1966; continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: Crater Lake, Mount Cameroon;
verbatimElevation: 1,450 m; decimallLatitude: 04.1443; decimalLongitude: 09.0717;
samplinaProtocol: Light catching; eventDate: 20/11/2016; habitai: Submontane forest
locally disturbed by elephants; individualCount: 1; sex: male; lifeStage: adult; identifiedBy:
Vincent Maicher; dateldentified: 2017; type: PhysicalObject; institutionlD: hitp://grbio.org/

Distribution

This species was known from Gabon, Central African Republic and Tanzania. Our
record from Cameroon thus broadened its known distribution westwards, as well as
into the Guinean biogeographic region. In the Mount Cameroon region, it was collected
in lowland forests (30 and 350 m a.s.l.), although one specimen was recorded in
submontane forest (1,450 m a.s.l.) (Fig. 26).

Figure 26. [11]

Pseudobarobata denticulata Kiriakoff, 1966. A. dorsal view; B. ventral view. The scale bar
represents 1 cm.
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Pseudobarobata integra Kiriakoff, 1966

Nomenclature

Notodontidae, Notodontinae

Materials

a.

scientificName: Pseudobarobata integra Kiriakoff, 1966; continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: Bamboo Camp, Mount Cameroon;
verbatimElevation: 350 m; decimallLatitude: 04.0899; decimalLongitude: 09.0517;
samplingProtocol: Light catching; eventDate: 12/12/2014; habitat: Lowland forest
disturbed by historical selective logging; individualCount: 2; sex: males; lifeStage: adult;
identifiedBy: Vincent Maicher; dateldentified: 2017, type: PhysicalObject; institution!D:
http://grbio.org/cool/8t1f-g2z6; institutionCode: ZMJU; basisCfRecord:
PreservedSpecimen

scientifichName: Pseudobarobata integra Kiriakoff, 1966; continent: Africa; country:
Cameroon; stateProvince: Southwest Region; locality: Drink Gari, Mount Cameroon;
verbatimElevation: 650 m; decimallatitude: 04.1022; decimalLongitude: 09.0630;
samplingProtocol: Light catching; eventDate: 27/11/2014; habitat: Primary lowland forest;
individualCount: 1; sex: male; lifeStage: adult; identifiedBy: Vincent Maicher;
dateldentified: 2017; type: PhysicalObject; institution|D: http://grbio.org/cool/8t1f-g226;
institutionCode: ZMJU; basisOfRecord: PreservedSpecimen

Distribution
This species was reported from the Congolian biogeographic region only (Central
African Republic and Gabon). Our record extended its known distribution fo the

Guinean biogeographic region. On Mount Cameroon, it was recorded in lowland forests
at 350 and 650 m a.s.l. (Fig. 27).

Figure 27. [

Pseudobarobata integra Kiriakoff, 1966. A. dorsal view; B. ventral view. The scale bar
represents 1 cm.
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Borbo borbonica (Boisduval, 1833)

Nomenclature
Hesperiidae, Hesperinae
Materials

a.

scientifichName: Borbo borbonica (Boisduval, 1833); continent: Africa; country: Cameroon;
stateProvince: Southwest Region; locality: Dikolo Peninsula, Bimbia-Bonadikombo
Community Forest; verbatimElevation: 30 m; decimallatitude: 03.9818;
decimalLongitude: 09.2625; samplingProtocol: Butterfly net; eventDate: 30/12/2014;
habitat: Coastal forest; individualCount: 1; lifeStage: adult; identifiedBy- Szabolcs Safian;
dateldentified: 2015; type: PhysicalObject; institution|D: http://grbio.org/cool/5t1f-g2z6;
institutionCode: ZMJU; basisOfRecord: PreservedSpecimen

scientificName: Borbo borbonica (Boisduval, 1833); continent: Africa; country: Cameroon;
stateProvince: Southwest Region; locality: Crater Lake, Mount Cameroon;
verbatimElevation: 1,450 m; decimalLatitude: 04.1443; decimalLongitude: 09.0717;
samplingProtocol: Butterfly net; eventDate: 26/04/2017; habiiat: Submontane forest
locally disturbed by elephants; individualCount: 1; lifeStage: adult; identifiedBy: Szabolcs
Safian; dateldentified: 2015; type: PhysicalObject; institutioniD: http://grbio_org/cool/8t 1f-
g2z6; institutionCode: ZMJU; basisOfRecord: PreservedSpecimen

Distribution

The nominotypical subspecies is relatively common in the Guinean biogeographic zone
(most countries along the seashore between Mauritania and Nigeria) and from the
Southem African region and Madagascar. Our Cameroonian record thus extended its
distribution to the easternmost edge of the Guinean biogeographic zone. In the Mount
Cameroon region, it was recorded from coastal (30 m a.s.l.) and submontane forests
(1,450 m as.l.) (Fig. 28).

Figure 28. [T]

Borbo borbonica (Boisduval, 1833). A. dorsal view; B. ventral view. The scale bar represents 1
cm.
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Meza mabillei (Holland, 1893)

Nomenclature

Hesperiidae, Hesperiinae

Materials

a.

scientificName: Meza mabiliei (Holland, 1893); continent: Africa; country: Cameroon;
stateProvince: Southwest Region; locality: Dikolo Peninsula, Bimbia-Bonadikombo
Community Forest; verbatimElevation: 30 m; decimallatitude: 03.9818;
decimalLongitude: 09.2625; samplingProtocol: Butterfly net; eventDate: 09/05/2015;
habitat: Coastal forest; individualCount: 1; lifeStage: adult; identifiedBy: Szabolcs Safian |
Robert Tropek; dateldentified: 2015; type: PhysicalObject; institutioniD: hitp://grbio.org/
cool/8t1f-g2z6; institutionCode: ZMJU; basisOfRecord: PreservedSpecimen
scientificName: Meza mabillei (Holland, 1893); continent: Africa; country: Cameroon;
stateProvince: Southwest Region; |locality: Radio Hill, Bimbia village; verbatimElevation:
220 m; decimalLatitude: 03.9666; decimalLongitude: 09.2411; samplingProtocol: Butterfly
net; eventDate: 30/12/2014; habitat: Hilltop with disturbed lowland forest; individualCount:
1; lifeStage: adult; identifiedBy: Szabolcs Safian | Robert Tropek; dateldentified: 2015;
type: PhysicalObject; institutionlD: http://grbio.org/cool/8t1f-g2z6; institutionCode: ZMJU;
basisOfRecord: PreservedSpecimen

Distribution

This species was known to be widely distributed in the Guinean biogeographic region
(most countries from Guinea to Nigeria) and in Gabon. In the Mount Cameroon region,
it was collected in the two lowest localities (30 and 220 m a.s.l.) (Fig. 29).

Figure 29. [T
Meza mabillei (Holland, 1893). A. dorsal view; B. ventral view. The scale bar represents 1 cm.
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Acraea macaria (Faricius, 1793)

Homenclature
Mymphalidae, Heliconiinae
Materials

a. scientifichame: Acraea macana (Faricius, 1793); continent: Africa; country: Cameroon;
stateProvince: Southwest Region; locality: Drink Gan, Mount Cameroon;
verbatimElevation: 650 m; decimallLatitude: 04.1022; decimalLongitude: 09.0630;
samplingProtocol: Butterfiy net; eventDate: 01/12/2014; habitat: Primary lowland forest;
individualCount: 1; lifeStage: adult; identifiedBy: Szabolcs Safidn | Robert Tropek;
dateldentified: 2015; type: PhysicalObject; institutionlD: hitp://grbio.org/cool/Bt1f-g2z6;
insfitutionCode: ZMJU; basisOfRecord: PrezservedSpecimen

b. scientifichame: Acraea macana (Faricius, 1793); continent: Africa; country: Camenoon;
stateProvince: Southwest Region; locality: Bamboo Camp, Mount Cameroon;
verbatimElevation: 350 m; decimallLatitude: 04.0899; decimalLongitude: 09.0517;
samplingProtocol: Butterfly net; eventDate: 26/04/2015; habitat- Lowland forest disturbed
by higtorical selective logging; individualCount: 1; lifeStage: adult; ideniifiedBy. Szabolcs
Safian | Robert Tropek; dateldentified: 2015; type: PhysicalObject; institution|D: hitp:4igrii
o.orgicoolBt1f-g2z6; institutionCode: ZMJU; basisOfRecord: PreservedSpecimen

Distribution

A. macaria was known from the western part of the Guinean biogeographic region only
(most countries along the seashore between Senegal and Ghana). Our record from
Cameroon therefore extended its distnbution for over 1,000 km westwards to the
easternmost edge of the Guinean biogeographic region. In the Mount Cameroon
region, it was collected in the two lowest localities (30 and 220 m as.l).

Telchinia encedana (Pierre, 1976)

Nomenclature
MNymphalidae, Heliconiinae
Material

a. scientifichame: Telchinia encedana (Pieme, 1976); continent: Africa; country: Cameroon;
stateProvince: Northwest Region; locality: Mendong Buo, Big Babanki, Bamenda
Highlands; verbatimElevation: 2,200 m; decimallatitude: 06 0921; decimalLongitude:
10.2987; =amplingProfocol. Butterfty net; eventDate: 30/11/2016; habitat: Mosaic of
mountain forest remnants, forest clearings dominated by Plendivm aguilinwm,
submontane grasslands maintained by catile grazing and species-rich scrub vegetation
along streams; individualCount: 1; =ex: male; lifeStage: adult; identifiedBy: Robert Tropek;
dateldentified: 2017, type: PhysicalObject; institution|D: hittp-/igrbio.org/cool/&t1f-g2286;
ingtitutionCode: ZMJU; basisOfRecord: PreservedSpecimen
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Distribution

This relatively widespread species was recorded from numerous countries of the
Guinean (from Senegal to Cameroon) and Congolian (Democratic Republic of the
Congo) biogeographic regions, but also from the Ethiopian, Somalian, Zambezian and
Shaba regions. In Cameroon, its only record was published by Aurivillius (1905) more
than a century ago, from the Adamawa Province. Our recent record therefore
confirmed its presence in the country and extended the species’ distribution range to
the Northwest Province (Fig. 30).

Figure 30. (1]

Teichinia encedana (Pierre, 1976). A. dorsal view; B. ventral view. The scale bar represents 1
cm.

Euphaedra temeraria Hecq, 2007

Nomenclature
Nymphalidae, Limenitidinae
Materials

a. scientifichame: Euphaedra temeraria Hecq, 2007, continent: Africa; country: Cameroon;
stateProvince: Southwest Region; locality: Bamboo Camp, Mount Cameroon;
verbatimElevation: 350 m; decimallLafitude: 04.0899; decimallLongitude: 09.0517;
samplingProtocol: Bait trap; eventDate: 07/12/2014; habitat: Lowland forest disturbed by
historical selective logging; individualCount: 72; lifeStage: adult; identifiedBy: Szabolcs
Safian; dateldentified: 2015; type: PhysicalObject; institutioniD: http-//grbio_org/cool/8t1f-
g2z6; institutionCode: ZMJU; basisOfRecord: PreservedSpecimen

b. scientificName: Euphaedra temeraria Hecq, 2007; continent: Africa; country: Cameroon;
stateProvince: Southwest Region; locality: Drink Gari, Mount Cameroon;
verbatimElevation: 650 m; decimallLatitude: 04.1022; decimalLongitude: 09.0630;
samplingProtocol: Bait trap; eventDate: 02/12/2014; habitat: Primary lowland forest;
individualCount: 53; lifeStage: adult; identifiedBy: Szabolcs Safian; dateldentified: 2015;
type: PhysicalObject; institution|D: http://grbic.org/cool/8t1f-g2z6; institutionCode: ZMJU;
basisOfRecord: PreservedSpecimen

0 scientificName: Euphaedra temeraria Hecq, 2007; continent: Africa; country: Cameroon;
stateProvince: Southwest Region; locality: PlanteCam Camp, Mount Cameroon;
verbatimElevation: 1,100 m; decimalLafitude: 04.1175; decimallLongitude: 09.0709;
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samplingProtocol: Bait trap; eventDate: 14/12/2014; habitat: Upland forest locally
disturbed by elephants; individualCount: 1; lifeStage: adult; identifiedBy: Szabolcs Safian;
dateldentified: 2015; type: PhysicalObject; institution|D: http://grbio.org/cool/8t1f-g226;
institutionCode: ZMJU; basisOfRecord: PreservedSpecimen

Distribution

This species was known from Equatorial Guinea and Gabon, both in the Congolian
biogeographic region. Our record thus extended its distribution range northwards and
evidenced its occurrence in the Guinean biogeographic region. On Mount Cameroon, it
was collected mostly in the lowland forests at 350 and 650 m a.s.l.; one specimen was
caught also in the upland forest at 1,100 m a.s.I. (Fig. 31).

Figure 31. 1]

Euphaedra temeraria Hecq, 2007. A. dorsal view; B. ventral view. The scale bar represents 1
cm.

Neptis metella (Doubleday, [1850])

Nomenclature
Nymphalidae, Limenitidinae
Materials

a. scientifichame: Neptis metelia (Doubleday, [1850]); continent: Africa; country: Cameroon;
stateProvince: Southwest Region; locality: Radio Hill, Bimbia village; verbatimElevation:
220 m; decimalLatitude: 03.9666; decimallLongitude: 09.2411; samplingProtocol: Butterfly
net; eventDate: 31/12/2014; habitat: Hilltop with disturbed lowland forest; individualCount
1; lifeStage: adult; identifiedBy: Szabolcs Safian | Robert Tropek; dateldentified: 2015;
type: PhysicalObject; insfitution|D: http://grbio.org/cool/8t1f-g2z6; institutionCode: ZMJU;
basisOfRecord: PreservedSpecimen

b. scientifichame: Neptis metelia (Doubleday, [1850]); continent: Africa; country: Cameroon;
stateProvince: Southwest Region; locality: Radio Hill, Bimbia village; verbatimElevation:
220 m; decimalLatitude: 03.9666; decimallLongitude: 09.2411; samplingProtocol: Butterfly
net; eventDate: 08/01/2015; habitat: Hilltop with disturbed lowland forest; individualCount
1; lifeStage: adult; identifiedBy: Szabolcs Safian | Robert Tropek; dateldentified: 2015;
type: PhysicalObject; insfitutioniD: http://grbio.org/cool/8t1f-g2z6; institutionCode: ZMJU;
basisOfRecord: PreservedSpecimen
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c. scientificName: Neptis metella (Doubleday, [1850]); continent: Africa; country: Cameroon;
stateProvince: Northwest Region; locality: Lake Oku, Mount Oku; verbatimElevation:
2,200 m; decimallatitude: 06.1924; decimallongitude: 10.4616; samplingProtocol;
Butterfly net; eventDate: 24/12/2009; habitat: Montane forest; individualCount: 1;
lifeStage: adult; identifiedBy: Robert Tropek; dateldentified: 2015; type: PhysicalObject;
institutionID: http://grbio.org/cool/06zb-203s; instifutionCode: IECA; basisOfRecord:
PreservedSpecimen

d. scientificName: Neptis metella (Doubleday, [1850]); continent: Africa; country: Cameroon;
stateProvince: Centre Region; locality: Ebogo Forest; verbatimElevation: 660 m;
decimalLatitude: 03.3880; decimallLongitude: 11.4700; samplingProtocol: Butterfly net;
eventDate: 04/01/2012; habitat: Disturbed lowland forest; individualCount: 1; lifeStage:
adult; identifiedBy: Robert Tropek; dateldentified: 2015; type: PhysicalObject;
institutionID: http://grbio.org/cool/06zb-203s; institutionCode: IECA; basisOfRecord:
PreservedSpecimen

Distribution

This species was previously known from the Guinean (from Guinea to Nigeria), Shaba,
Zambezian and Sudanian biogeographic regions. Our record in Cameroon partly filled
the gap in its known distribution. It was known as a relatively common species in many
disturbed lowland forests in the sumounding countries (Larsen 2005), thus its
occurrence in Cameroon is not surprising. Three of the four reported specimens were
collected in disturbed lowland forests (220 and 660 m a.s.l.), corresponding to the

known species’ habitats (Larsen 2005). On the other hand, its occurrence at 2,200 m
a.s.|. has evidenced the species as a habitat generalist (Fig. 32).

Figure 32. £

Neptis metella (Doubleday, [1850]). A. dorsal view; B. ventral view. The scale bar represents 1
cm.
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Eurema floricola leonis (Butler, 1886)

Nomenclature

Pieridae, Coliadinae

Materials

a.

scientificName: Eurema floricola leonis (Butler, 1886); taxonRank: subspecies;
scientificNameAuthorship: (Butler, 1886); continent: Africa; country: Cameroon;
stateProvince: Southwest Region; locality: Radio Hill, Bimbia village; verbatimElevation:
220 m; decimallLatitude: 03.9666; decimalLongitude: 09.2411; samplingProtocol: Butterfly
net; eventDate: 09/05/2015; habitat: Hilltop with disturbed lowland forest; individualCount
1; lifeStage: adult; identifiedBy: Szabolcs Safian | Robert Tropek; dateldentified: 2015;
type: PhysicalObject; institutionID: http://grbic.org/cool/8t1f-g2z6; institutionCode: ZMJU;
basisOfRecord: PreservedSpecimen

scientificName: Eurema floricola leonis (Butier, 1886); taxonRank: subspecies,
scientificNameAuthorship: (Butler, 1886); confinent: Africa; couniry: Cameroon;
stateProvince: Southwest Region; locality: Mundemba; verbatimElevation: 20 m;
decimalLatitude: 04.9300; decimallLongitude: 08.8540; samplingProtocol: Butterfly net;
eventDate: 02/01/2010; habitat: Disturbed secondary regrowths; individualCount: 1;
lifeStage: adult; identifiedBy: Robert Tropek; dateldentified: 2015; type: PhysicalObject;
institutionID: http://grbio.org/cool/06zb-203s; institutionCode: IECA; basisOfRecord:
PreservedSpecimen

scientifichame: Eurema floricola leonis (Butier, 1886); taxonRank: subspecies;
scientificNameAuthorship: (Butler, 1886); continent: Africa; country: Cameroon;
stateProvince: Centre Region; locality: Ebogo Forest; verbatimElevation: 660 m;
decimalLatitude: 03.3880; decimallLongitude: 11.4700; sampfingProtocol: Butterfly net;
eventDate: 12/01/2008; habitat: Disturbed lowland forest; individualCount: 1; lifeStage:
adult; identifiedBy: Robert Tropek; dateldentified: 2015; type: PhysicalObject;
institutioniD: http://grbio.org/cool/06zb-203s; institutionCode: IECA; basisOfRecord:
PreservedSpecimen

scientifichame: Eurema floricola leonis (Butler, 1886); taxonRank: subspecies;
scientificNameAuthorship: (Butler, 1886); continent: Africa; couniry: Cameroon;
stateProvince: South Region; locality: Ebodje; verbatimElevation: 20 m; decimallLafitude:
02.5720; decimallLongitude: 09.8320; samplingProtocol: Butterfly net; eventDate:
17/12/2011; habitat: Secondary lowland forest; individuaiCount: 1; lifeStage: adult;
identifiedBy: Robert Tropek; dateldentified: 2015; type: PhysicalObject; institutioniD:
http://grbio.org/cool/06zb-203s; institutionCode: IECA; basisOfRecord:
PreservedSpecimen

Distribution

This species was recorded from West Africa (from Guinea-Bissau to Nigeria) to Central
(Democratic Republic of the Congo) and Eastern Africa. Especially because it was
already known from the Cross River State in Nigeria (Larsen 2005), its occurrence in
Cameroon could be expected. We collected four specimens, each in a different
disturbed lowland forest (from 20 to 660 m a.s.l.), therefore the species seems to be
widespread, but locally scarce in Cameroon. This fully corresponds with T. Larsen’s
experience with this species in Nigeria (Larsen 2005) (Fig. 33).
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Figure 33. EEI
Eurema floricola leonis (Butler, 1886). A. dorsal wview; B. ventral view. The scale bar
represents 1 cm.

Discussion

Altogether, the Lepidoptera species included in this study comprise 31 species and 8
genera new for the entomofauna of Cameroon, as well as a butterfly T. encedana that had
not been recorded for more than a century in Cameroon. With the records from this study,
the known diversity in Cameroon now surpasses 3,000 taxa for moths (species and
subspecies combined; De Prins and De Prins 2019), whilst it approximates 1,600 taxa for
butterflies (Williams 2018).

Of the 31 species new for Cameroon, four are known from the Guinean biogeographic
region only (De Prins and De Prins 2019, Willams 2018). Therefore, our records did not
change their endemic status, although this study extended their distribution to the
eastemmost border of the Guinean region (including an extension of ca. 1,000 km for A.
holobrunnea and A. macaria). Another ten of the listed species had been previously
recorded in the Congolian region only. From these, our records have extended distribution
of Euphaedra temeraria northwards, while the other species’ distributions have been
extended eastwards (De Prins and De Prns 2019, Wiliams 2018). Mainly, we have
evidenced these ten species to occur in the Guinean biogeographic region, although only
at its edge. This broadening of the easternmost, westernmost or northermmeost limits of the
numerous species distribution shows the importance of Cameroon (with special emphasis
on Mount Cameroon) as the ‘crossroads’ between the Guinean and the Congolian
biogeographic regions. It also reinforces Mount Cameroon as a biodiversity hotspot area
{Myers et al. 2000, Ustjuzhanin et al. 2018).

Several other species records included in this report are not surprising since they more or
less expectedly fill gaps in their known distnbution. Most expectedly, we recorded twelve
species (such as A. makomensis and S. plagiatus) already known from the countries
bordering Cameroon or some other nearby countries in the Guinean and Congolian
regions (De Prins and De Prins 2019). Six other species (such as P spurrelli and M.
tripunctata) were known to have a more scattered distnbution amongst West, East and
South Africa, but in countries more distant from Cameroon, forming a relatively large gap in
their known distnbution. Aside from the species with azonal distnbution (such as the
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montane species), such large gaps rather imply lack of knowledge on the species
occurrence (cf. Maicher et al. 2016). Our records in Camercon have confirmed such
suggestion by the partial filling of these distnbution gaps. The record of the widespread T.
encedana more than 100 years after its first and only record in Cameroon is also a perfect
illustration of this general lack of knowledge on the Cameroonian (and Afrotropical)
biodiversity of Lepidoptera. This was already pointed out by Tropek et al. (2013) and
Tropek et al. (2015) for butterflies and by Maicher et al. (2016) for moths.

Considering the elevational ranges of the reported species, 19 reported lepidopteran
species were exclusively collected in lowland and upland forests (between 30 and 1,100 m
asl) on Mount Cameroon, while records of five moth species were resincted to
submontane and montane forests (between 1,450 and 2,100 m a s |). Consequently, given
that the local lepidopteran diversity is known to be higher at lower elevations (differing
amongst the lepidopteran groups but always up to 1,100 m a.s.l.; Maicher et al. 2020), it
appears that the knowledge gap seems proportionally comparable between the lower and
higher elevations on the mountain. Although knowledge on precise elevational ranges of
Afrotropical moths is highly limited, all five high-elevation species were previously reported
from countries with montane ranges. These species are also the ones with the known
azonal distributions which can be related to their affiliation to (sub)montane habitats rather
than the severe lack of knowledge on their actual distribution. The remaining seven
species have been recorded in both lowland and montane forests on Mount Cameroon.

In conclusion, our report of numerous butterfly and moth species and genera, previously
not known to occur in Cameroon, highlights the relatively poor knowledge on the local and
regional diversity of Afrotropical Lepidoptera. Moreover, some of these records represent a
substantial extension of the individual species’ known distribuion. Altogether, we
encourage the collection and publishing of similar faunistic data on lepidopteran
occurrence from the Afrotropical countries.
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CHAPTER VIII

Even hotter hotspot: description of seven new
species of many-plumed moths (Lepidoptera,
Alucitidae) from Mount Cameroon

Ustjuzhanin, P., Kovtunovich, V., Maicher, V., Séfian, Sz.,
Delabye, S., Streltzov, A., & Tropek, R. (2020).

Zookeys, 935: 103-1109.

Paratype of Alucita bokwango Ustjuzhanin Kovtunovich, 2020, one of the new described
species collected on Mount Cameroon. © S. Reshetnikov
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Abstract

Mount Camercon, SW Cameroon, has already been described as a unique hotspot of the many-plumed
moth (chldopt:ra, Alucitidae), with their local d.[\r:r_r\[t}r unrivalled in the entire J"Lﬁ'otroplc,s, We con-
firm its importance with description of seven new species: Alueita bakweri Ustjuzhanin & Kovtunovich,
sp. nov., Alucita jana Ustjuzhanin 8 Kovtunovich, sp. nov., Afuerte bakingili Usquzhanin 8 Kovm-
nowich, sp. nov., Alucita tatjana Usr]uzhs.n.[n & Kowvtunovich, sp. nov., Alucita zuza Ust]u.zhs.u.[n & Ko-
viunovich, Sp. MOV, Aluciva ﬂ'q'a Usl:]uxha.nlu 8¢ Kovtunovich, Sp. MOV., and Alucita fm}mnga Ust]u.zha—
nin & Kovtunovich, sp. nov. These descriptions have raised the known local diversity of many-plumed
moth species on Mount Cameroon to 22, Le., over a quarter of the known Afrotropical biodiversity of
this group. This study also emphasises the grear conservation importance of the area.

Copyright Peter Ustiuzhonin =t @l This is an open scosss article distributed under the terms of the Creative Commons Attribution Licerse (SC
BY 4.0), which permits unrestricted use, distribution, 2nd reproduction in any medium, provided the original suthor and source are credited.
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Figure |. Map of the Mount Cameroon region with the sampling localities.

(2018). Each permancnt preparation received a unique code under which it is scarch-
ablc in the collections where they arc stored; the relevant numbers are listed in captions

of the geniralia figures.

Sampling localities

All sampling localitics (Fig. 1) arc listed below; the localitics not included in Ustjuzha-
nin ct al. (2018) are marked with *:

Bamboo Camp. Bamboo Camp (350 m as.l), Mount Camecroon (SW' slope),
4.0879°N, 9.0505°E; a lowland rainforest with historical disturbances from sclective logging.

*Crater Lake. Crater Lake camp (1450 m a.s.l.), Mount Camcroon (SW slopc),
4.1443°N, 9.0717°E; a submontanc rainforest locally disturbed by forest clephants.

Drink Gari. Drink Gari camp (650 m aus.l; also known as “Drinking Gari”),
Mount Camecroon (SW slopc), 4.1014°N, 9.0610°E; a lowland rainforest with canopy
layer presumed to be closed.

*Ekonjo. Ekonjo camp (1150 m a.s.l.), Mount Camecroon (S slopc), 4.0881°N,
9.1168°E; an upland closcd-canopy rainforest.
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Elephant Camp. Elephant Camp (1850 m a.s.l.), Mount Cameroon (SW slope),
4.1170°N, 9.072%°E; a montanc forest with a sparse canopy layer as a consequence of
natural disturbances by forest clephants.

*Mann’s Spring. Mann’s Spring camp (2200 m a.s.l.), Mount Cameroon (SW dlope),
4,1428°N, 9.1225°E; a montane forest at the natural timberline.

*Mapanja. Mapanja camp (1850 m a.s.l.}, Mount Cameroon (5 slope), 4.1157°N,
9.1315°E; a montanc forcst with canopy layer presumed to be cdloscd.

PlanteCam. PlanteCam camp (1100 m a.s.l; also misspdl:d as “P!amica.mp”},
Mount Cameroon (SW slope), 4.1175°N, E2.0709°E; an upland rainforest in the
transition berween the lowland and montanc zones, with a sparse canopy layer as a
consequence of natural disturbances by forest elephants.

Species descriptions

Alrecita bakweri Usljuzha.n.in & Kovtunovich, sp. nov
hetp://zoobank.org/ 4CCBE08C-2366-40FF-B52F-D7B3D60DFS 16
Figs 2,3

Type material. Hofoglpe * | male, (NECJU 201901) Cameroon, PlanteCam, 1100 m
a.s.l., Mount Cameroon (SW slope), 4.1175°N, 9.0709°E, 11-18.X11.2014, lgt. V.
Maicher, 5z. S4fi4dn, 5. Janeéek, R. Tropck.

Diagnosis. In the yellowish colour of its wings, this specics resembles Alucita fer-
ruginea Walsingham, 1881, Alucita baliaxantha ﬂ'v'[cyrick, 1921), and Alucita compsa-
antha (Meyrick, 1924), from which it differs in the structure of male genitalia. Geniralia
of the new species differ from A. baliaxantha by a thin sharp gnathos, prolonged saccus,
and short, wide and wing-like valvac (Fig. 19). Alucita balioxantha gnathos is wider,
with a blunt and round top, the saccus is archlike and not prolonged, and wvalvac arc
thin and lancet-like. In the shape of the uncus and gnathos of the male genitalia, A. bak-
weri is similar to A, ﬁ'rru_gz'nm, from which it differs in havi.ng an clongatcd, narrowing
saccus without the distinct notch on its outer edge. Additionally, unlike 4. ferrugines,
A. bakweri has clusters of small acicular cornuti apically on the acdacagus. Morcover, its
valvac arc short, wide and wing-like, with a bundlc of thin needle-like cornuti in its api-
cal part. Whilst malc genitalia of the new specics have a forked uncus and comparatively
short acdeagus, A. compsexantha has a simple short uncus and a very long acdeagus.

External characters. Wingspan 18 mm. Head with whitc scales, thorax and tegu-
lae yc!lawish—hmwn. Labial pajpus )rt."ow, thin, straigl'n, twice as ]Dng as !ongitun:l'jmj
cye diameter. Third segment discrete, direcred forward, median part framed by brown
lines, apicaﬂy pﬂ]c and sharp. Antenna white, bﬂ.sali}r thickened. ngs yc.llcrwi,sh—hmwn,
with four white transverse lines. Wings basally darkened with brown scales. Abdomen
yellowish-brown. Hind leg pale yellow.

Male genitalia. Uncus long, distally widened, apically with triangle notch. Gna-
thos narrow, apicaﬂy tspcrcd, in ]cngth cqual to uncus. Gnathos arms short, thiclk,
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Figures 2, 3. Alucita bakweri Ustjuzhanin 8 Kovtunovich, sp. nov. 2 adult male, Holotype, NEJCU
3 male genitalia, Holotype, preparation slide no. 20190 1. Scale bar: 5 mm.

smoothly bent inwards. Valves short, wide, wing-shaped, apically with bundle of finc
acicular sctac. Ancllus arms wide, short. Saccus clongated, narrow triangular. Acdcagus
almost straight, with an clongatcd uncinate cornutus in middle, groups of fine acicular
cornuti distally, and narrow sharp cornuti sticking out apically.

Distribution. Cameroon.

Flight period. December.

Etymology. We name the species after the Bakweri people, the main cthnic group of
the Mount Camcroon region. Without the priccless assistance of numerous local people
our project would not be possible. We hope such dedication will encourage protection of
the specics’ habitats.

Alucita jana Ustjuzhanin & Kovtunovich, sp. nov.
http://zoobank.org/2EEGAAB9-8CCB-4123-B957-786B6776CB92
Figs 4,5

Type material. Holotype * malc, (NECJU 201902) Camcroon, PlanteCam, 1100 m
a.s.l., Mount Camcroon (SW slopc), 4.1175°N, 9.0709°E, 09-14.1V.2015, Igt. V. Mai-
cher, Sz. Sifidn, S. Jancéck, R. Tropck. Paratypes ¢ 1 male, (CUK), Ekonjo, 1150 m
a.s.l., Mount Cameroon (SW slopc), 4.0881°N, 9.1168°E, 24.X.2017, lgt.V. Maicher,
P. Potocky, S. Dclabyc ¢ 1 male, (CUK), Mapanja camp, 1850 m a.s.l., Mount Cam-
croon (SWslopc), 4.1157°N, 9.1315°E, 25.X.2017, V. Maicher, P. Potocky, S. Delabye.

Diagnosis. The new specics is similar in the shape of the uncus and valves of the
malc genitalia to Alucita tesserata (Mcyrick, 1918) (Fig. 20), but it differs in the apically
narrow gnathos and the presence of a group of finc acicular cornuti in the acdcagus.
Alucita jana also differs from A. fesserata in the wing colouration.
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Figures 4, 5. Alucita jana Ustjuzhanin & Kovtunovich, sp. nov. 4 adult male, Holotype, NEJCU 5 male
genitalia, Holotype, preparation slide no. 201902. Scale bar: 5 mm.

External characters. Wingspan 15 mm. Head, thorax and tegulac with brown ap-
pressed scales. Labial palpus wide, short, 1.5 longer than longitudinal cye diameter, slight-
ly bent upwards, brown scaled inside and outside. Third scgment discrete, apically sharp.
Antenna yellowish-brown. Wings ycllowish-brown, distinctive pale brown band medi-
ally. Forewings show a dark brown postmedial band. Forewing basally with dark brown
scales, hindwing basally light. Distally, altcrnating portions of brown and ycllowish scales.
Fringe of wings ycllow, with altcrnating portions of brown hairs. Hind leg pale yellow.

Male genitalia. Uncus long, apically slightly widened. Gnathos long, distally wid-
cncd, apically slightly tapered, cqual to uncus in length. Valve short, finger-like, mem-
branous. Ancllus arms narrow, long, apically slightly widened. Saccus with oval outer
cdge. Acdcagus straight, basally widencd, apically with a group of finc acicular cornuti.

Distribution. Cameroon.

Flight period. April, October.

Etymoloy. The specics name is a noun in apposition in honour to Robert Tropck’s
mother, Jana Tropkova.

Alucita bakingili Ustjuzhanin & Kovtunovich, sp. nov.
http://zoobank.org/C1503460-2901-4437-BFA7-49D660E2462F
Figs 6-8

Type material. Holotype * malc (NECJU 201903) Camcroon, Bamboo Camp, 350 m
a.s.l., Mount Camcroon (SW slopc), 4.0879°N, 9.0505°E, 12-20.XI1.2014, Igt. V.
Maicher, Sz. Sifidn, S. Jancéck, R. Tropck. Paratypes * 1 male (CUK), same data as
the holotypc * 1 female (NECJU 201908), same data as the holotype ¢ 1 male, (CUK),
PlantcCam, 1100 m a.s.l., Mount Camcroon (SW slopc), 4.1175°N, 9.0709°E, 29.1.-
07.11.2016, lgt. V. Maicher, Sz. Sifidn, R. Tropck.
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Figures 6-8. Alucita bakingili Ustjuzhanin & Kovtunovich, sp. nov. 6 adult male, Holotype, NEJCU
7 male genitalia, Holotype, preparation slide no. 201903 8 female genitalia, Paratype, preparation slide
no. 201908. Scale bar: 5 mm.

Diagnosis. The new specics resembles Alucita fokami Ustjuzhanin & Kovtunovich,
2018 in cxternal appcarance but it substantially differs in both male and female genita-
lia (for genitalia of A. fokami, scc Ustjuzhanin ct al. 2018). Alucita bakingili is similar to
Alucita seychellensis (T.B. Fletcher, 1910) in male genitalia (illustrated in Ustjuzhanin
and Kovtunovich 2016), specifically in the sclerotized process on the sacculus. Alucita
bakingili also diffcrs from A. seychellensis in its wide gnathos, the narrow triangular
valves and the short narrow uncus. In the female genitalia, the new specics is similar
to Alucita rhaptica (Meyrick, 1920) (Fig. 21), from which it differs in its rectangular
lamina postvaginalis and in the longer and narrower ductus.

External characters. Wingspan 12-15 mm, holotypc 12 mm. Head, thorax and
tegulac with dark grey scales and an admixture of white scales. Labial palpus grey outside,
whitc inside, 1.5 times longer than longitudinal eyc diamcter, dirccted forward. Third
scgment short, apically slightly sharpened. Antenna pale grey, distinct dark clongated
spot basally just beyond scape. Wings mottled, ycllowish-grey, medially with a poorly
cxpressed yellowish-brown band. Alternating portions of grey and white scales shaped as
clongated strokes, spots and points on lobe of all wings. Fringe with altcrnating portions
of grey and white hairs. Hind leg palc yellow.

Male genitalia. Uncus short, straight, slightly widened apically. Gnathos wide,
sharply narrowing apically, a little longer than uncus. Valve short, narrow triangular,
membranous. Sacculus with membranous process containing a large sclerotized un-
cinate process in lower part. Ancllus arms very long, basally wide, medially narrow-
ing, apically widened and slightly bent. Saccus with oval outer edge. Acdcagus long,
straight, with two robust cornute in this medial part.

Female genitalia. Papil]a analis narrow, clongatcd. Posterior apophyscs thin, straight.
Anterior apophyscs also thin, straight, cqual in length to posterior apophyses. Lamina
postvaginalis sclerotized, wide, rectangular, with blunt angular latcral projections. An-
trum corrugated, wide, short. Ductus wide, medially swollen. Ductus seminalis short,
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well cxprcsscd. Bursa copulatrix small, oval, with robust clongatcd comb—shapcd sig-
num located basally and reaching basc of ductus seminalis.

Distribution. Camcroon.

Flight period. Dccember to February.

Etymology. The specics is named after Bakingili, a village at the southern foothills
of Mount Cameroon, in which area it was collected. Numecrous people from the village
helped our project as ficld assistants and by many other ways, and thercfore the commu-
nity was crucial for its success. The Bakingili people are also necessary for protection of
the species’ natural arca.

Alucita tatjana Ustjuzhanin & Kovtunovich, sp. nov.
http://zoobank.org/2CCDES55D-7D9C-413C-A5B0-42833DESF770
Figs 9, 10

Type material. Holotype * fcmale, (NECJU 201904) Camcroon, PlantcCam, 1100 m
a.s.l., Mount Cameroon (SW slope), 4.1175°N, 9.0709°E, 09-14.1V.2015, V. Mai-
cher, Sz. Sdfidn, S. Jancéck, R. Tropck; Paratype * 1 female, (CUK), Ekonjo, 1150 m
a.s.l., Mount Camecroon (S slope), 4.0881°N, 9.1168°E, 24.X.2017, lgt. V. Maicher,
P. Potocky, S. Delabye.

Diagnosis. The new specics resembles Alucita mischenini Ustjuzhanin & Kovtunovich,
2018 in the light colour of its wings and the wide medial band, but it differs in its larger
size (21 mm vs. 12-15 mm wingspan). Additionally, the position and shape of dark mark-
ings in the basal and distal portions of the wings diffcrentiates A. tatjana from A mischenini
whosc forewings bear extensive brown arcas in in the basal portions and almost continuous
dark brown marks covering the distal halves of the first two forewing lobes (Ustjuzhanin
ct al. 2018). Additionally, forewings of the new specics differ from A mischenini by the
continuation of the brown medial band through most of the length of the second forewing
lobe. In female gcnitnh'a, A. tatjana is similar to A mmpsoxztndm Meyrick, 1924 (Flg. 22),
especially in the shape of the antrum and the absence of any signa in the bursa copulatrix.
However, A tatjana differs in its shorter and wider ductus and substantially shorter anterior
and posterior apophyscs. These specics also differ in the colouration of their wings.

External characters. Wingspan 21 mm. Head, thorax and tegulac with appressed
white scales. Labial palpus twice as long as longitudinal cyc diamcter, white, with a brown
band of the third segment, thin, apically tapered, sharp. Antcnna white. Scape extended
and flattened. Wings whitc with well-expressed wide median band, brown on forewing
and almost black on hindwing. Subterminal band narrower, consisting of brown spots
of scales, intermittently traced throughout all lobes. First forewing lobe apically brown.
Second forewing lobe with brown colouration continuous between median band and
subterminal band. Forewing basally whitc with well<expressed dark brown fringes near
the basc of the cleft berween the sccond and third lobes. Hindwing basally white with
scattered dark brown scales and a prominent dark brown marking across basc of sccond

to sixth lobes. Hind leg pale yellow (although not so apparent in Fig. 9).
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Figures 9, 10. Alucita tatjana Ustjuzhanin & Kovtunovich, sp. nov. 9 adult female, Holotype, NEJCU
10 female genitalia, Holotype, preparation slide no. 201904. Scale bar: 5 mm.

Female genimlin. Papi!la analis narrow, clongatcd. Posterior and anterior apophy—
ses thick, strai.ght. Anterior apophysm cqual in lcngth to posterior apophyscs. Antrum
wide, goblct—likc. Ductus short, cxpandcd in median part around junction with ductus
seminalis, and corrugated at junction with bursa copulatrix. Bursa copulatrix small, oval,
without signa.

Distribution. Cameroon.

Flight period. April, October.

Etymology. The specics is a noun in apposition in honour to Petr Ustjuzhanin’s sister,
Tatjana Ustjuzhanina.

Alucita zuza Ustjuzhanin & Kovtunovich, sp. nov.
http://zoobank.org/3EFBC3D5-E44D-4F58-A1D4-3E5D049D58E3
Flgs 1112

Type material. Holotype * 1 malc, (NECJU 201905) Camcroon, Drink Gari, 650
m a.s.l., Mount Camcroon (SW slopc), 4.1014°N, 9.0610°E, 11-23.IV.2015, lgt. V.
Maicher, Sz. Sifian, S. Janedek, R Tropck; Pmt_}pﬂ ¢ 1 male, (CUK), same dara
as the holotype ¢ 1 male (CUK), PlanteCam, 1100 m a.s.l., Mount Camecroon (SW
slope), 4.1175°N, 9.0709°E, 29.1-07.11.2016, lgt. V. Maicher, Sz. Sifidn, R. Tropck
* 1 male (CUK), Drink Gari, 650 m a.s.l., Mount Camcroon (SW slopc), 4.1014°N,
9.061°E, 20.XI-10.XI1.2014, lge. V. Maicher, Sz. Sdfidn, R. Tropck.

Diagnosis. In its malc genitalia, the new specics shares the clongated saccus and
abscnce of valves with A. fokami (illustrated in Ustjuzhanin ct al. 2018), but it differs in
the narrow uncus which is not expanded apically, and in the abscnce of a long needle-
like cornutus in the acdcagus.
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Figures |1, 12. Alucita zuza Ustjuzhanin & Kovtunovich, sp. nov. Il adult male, Holotype, NEJCU
12 male genitalia, Holotype, preparation slide no. 201905. Scale bar: 5 mm.

External characters. Wingspan 12 mm. Head white, with two brown spots between
antennac. Thorax and tegulac white. Labial palpus straight, 1.5 times as long as longi-
tudinal cyc diameter, with altcrnating white and dark bands on cach segment. Third
segment short, not tapered apically. Antenna yellow, with small dark brown spots basally,
just above scape. Wings mottled in their dark parts. Forewing darker than hindwing,
with predominance of dark brown spots and strokes, while these spots and strokes are less
cxpressed on the hindwing, with prcdominancc of pa]c-ycl]ow portions. Wings basally
white, although locally darkencd with dark brown scalcs. Fringe with alternating portions
of light and brown hairs. Hind leg pale yellow.

Male genitalia. Uncus straight, finger-like, of even width. Gnathos and its arms
wide, short. Valves absent. Ancllus arms short, narrow, arched, apically sharp. Saccus
very long, narrow, clongated, slightly cxpanded medially. Acdeagus straight, medially
with two small, spinous cornuti (not apparent on Fig. 12).

Distribution. Cameroon.

Flight period. November till February, April.

Etymology. The specics name is a noun in apposition. It was named in honour of the
ichthyologist Zuzana Musilovi, Robert Tropek’s wife.

Alucita deja Ustjuzhanin & Kovtunovich, sp. nov.
http://zoobank.org/9C094272-0A16-4CEA-AB05-CD4E3C04D27B
Figs 13-15

Type material. Holotype * malc (NECJU 201906), Camcroon, Bamboo Camp,

350 m a.s.l., Mount Camecroon (SW slopc), 4.0879°N, 9.0505°E, 20.X11.2014, Igt. V.
Maicher, Sz. Sifidn, S. Janeéek, R. Tropck. PamQ}pes ¢ | female (CUK), PlanteCam,
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Figures 13-15. Alucita dga Ustjuzhanin & Kovtunovich, sp. nov. 13 adult female, Paratype, NEJCU
14 male genitalia, Holotype, preparation slide no. 201906 15 female genitalia, Paratype, preparation slide
no. 201909. Scale bar: 5 mm.

1100 m a.s.l., Mount Cameroon (SW slopc), 4.1175°N, 9.0709°E, 11-18.X11.2014,
lgt. V. Maicher, Sz. Sdfidn, S. Janeéck, R. Tropek © 1 female (NECJU 201909), Plant-
cCam, 1100 m a.s.l., Mount Camcroon (SW slopc), 4.1175°N, 9.0709°E, 11-23.
1V.2015, lgt. V. Maicher, Sz. Sdfidn, S. Janeéek, R. Tropck.

Diagnosis. Alucita deja differs from other Alucita specics by the distinctive white mir-
rors on its abdomen. The new specics’” male genitalia arc similar to A. janeceki Ustjuzhanin
& Kovtunovich, 2018 in the absence of valves and the shape of the saccus (illustrated in
Ustjuzhanin ctal. 2018), but A. deja differs in the smoothly rounded apex of its uncus, the
apically sharp ancllus arms, jagged acicular cornuti in the acdcagus, and the wing colouration.

External characters. Female wingspan 15 mm, male wingspan 13 mm. Head with
purc-white appressed scales. Thorax and tegulac also pure white anteriotly, sharply con-
trasting with dark brown postcrior portions. Labial palpus short, 1.5 times as long as
longitudinal cye diameter. Third scgment short, not tapered apically. Antenna brown.
Scape purc white. Wings and fringes dark brown. First lobe of forewing with white
band around 1/3, narrow whitc band around 3/5 and yellowish-brown band cdged
with white around 4/5. Several irregular finc white cross-lines across all other lobes and
fringes of both wings. Hind leg ycllowish-brown. Fourth, sixth and last tergites of ab-
domen with mirrors of pure-white scales. Abdomen completely pure-white ventrally.

Male genitalia. Uncus straight, long, of cven width. Gnathos short, wide, apically
cxpanded. Valves not developed. Ancllus arms straight, apically sharp. Saccus shaped as
clongated oval, with small notch at apex. Acdcagus robust, slightly shorter than entire
genital structure, with jagged acicular cornuti from its medial part to apex.

Female genitalia. Papilla analis narrow, clongated. Posterior apophyscs thin, straight,
shorter than antcrior apophyses. Antrum wide, sclerotized, shaped as truncated tube with
extended ostium. Outer edge of ostium jagged. Ductus wide and corrugated ar its con-
fluence to antrum and bursa copulatrix. Ductus seminalis short, bag—likc, membranous,
departing from conflucnce of ductus to antrum. Bursa copulatrix of irregular oval shape
with clongated protrusion at apex.

Distribution. Cameroon.
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Figures 16-18. Alucita bokwango Ustjuzhanin & Kovtunovich, sp. nov. 16 adult male, Paratype, NE-
JCU 17 male genitalia, Holotype, preparation slide no. 201907 18 female genitalia, Paratype, preparation
slide no. 201910. Scale bar: 5 mm.

Flight period. April, December.
Etymology. The specics name is a noun in apposition in honour of the limnologist
and cyanobacteria specialist, Andreja Kust, a dear soulmate of Vincent Maicher.

Alucita bokwango Ustjuzhanin & Kovtunovich, sp. nov.
http://zoobank.org/C84BASAD-3588-494F-86C8-55SDEA44AC841
Figs 16-18

Type material. Holotype * malc (NECJU 201907), Camcroon, Elephant Camp, 1850 m
a.s.l., Mount Cameroon (SW slope), 4.1170°N, 9.0729°E, 19-24.X1.2014, lgt. V. Mai-
cher, Sz. Sifian, S. Jancéck, R. Tropck. Paratypes ¢ 1 female, (NECJU 201910), + 16
cx., (NECJU, CUK), same data as holotypc ¢ 1 malc, (CUK), PlantcCam, 1100 maus.l.,
Mount Camcroon (SW slopc), 4.1175°N, 9.0709°E, 06-15.11.2016, lgt. V. Maicher,
Sz. Sifidn, R Tmpck * 2 ex., (CUK, NECJU), PlantcCam, 1100 m a.s.l., 4.1175°N,
9.0709°E, 11-18.X11.2014, lgt. V. Maicher, Sz. Sifidn, S. Janeéek, R. Tmpck * | male
(CUK), Crater Lake, 1500 m a.s.l., Mount Camcroon (SW slopc), 4.1443°N, 9.0717°E,
11-21.11.2016, lgt. P. Porocky, Sz Sifidn, J. Mertens, S Janeéek, R. Tropck ¢ | male
(CUK), Elcphant Camp, 1850 m a.s.l,, Mount Camcroon (SW slopc), 4.1170°N,
9.0729°E, 17-22.11.2017, lgt. P. Potocky, Sz. Safidn, J. Mertens, S. Jancéek, R. Tropck® 1
male (NECJU), Mann’s Spring, 2200 m a.s.l., Mount Camcroon (SW slopc), 4.1428°N,
9.1225°E, 16-21.IV.2017, lgt. V. Maicher, P. Potocky; S. Delabye 1 male (CUK), Cra-
ter Lake, 1500 m a.s.l., Mount Camecroon (SW slopc), 4.1443°N, 9.0717°E, 23-29.
1V.2017, Igt. V. Maicher, P. Potocky, S. Delabye * 8 ex., (NECJU, CUK), Elephant Camp,
1850 m a.s.l., Mount Camcroon (SW slopc), 4.1170°N, E9.0729°E, 18-26.IV.2017,
Igt. V. Maicher, P. Potocky; S. Delabye ¢ 5 ex. (CUK, NECJU), Mapanja, 1850 m as.l.,
Mount Cameroon (S slopc), 4.1157°N, 9.1315°E, 05-14.V.2017, lge. V. Maicher, P. Po-
tocky, S. Delabye ¢ 6 ex. (CUK, NECJU), Mapanja, 1850 m a.s.l., Mount Camecroon
(SW slope), 4.1157°N, 9.1315°E, 23-28.X.2017, lgt. V. Maicher, P Potocky; S. Delabye.
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21

Figures 19-24. Comparative illustrations of other Alucita specics mentioned in the new specics’ diag-
noses |9 A balioxantha (Meyrick, 1921), type, male genitalia 20 A. tesserata (Meyrick, 1918), type, male
genitalia 21 A. rhaptica (Meyrick, 1920), female genitalia 22 A. compsoxantha (Meyrick, 1924), type,
female genitalia 23 A. chloracta (Meyrick, 1908), type, adult female 24 A. chlonacta, type, female genitalia.

Diagnosis. The new species resembles Alucita chloracta (Meyrick, 1908) in its cx-
ternal characters and the structure of the male genitalia. Genitalia of A. bokwango
differs from A. chloracta in the needle-like apex of the uncus and the oval apical expan-
sions of the valvac, whilst the uncus of A. chloracta is noticcably widened apically with
a notch and valvac have a rounded apex. In its female genitalia, A bokwango differs
from A. chloracta (Flg 24) in the short narrow ductus, wide funncl-shapcd antrum and
abscnce of a plaque-like signum in the bursa copulatrix. The wing colouration of A
bokwango is morc contrasted than in A. chloracta (Fig. 23), and the new specics is also
substantially larger (23-25 mm vs. 15-16 mm wingspan).

External characters. Wingspan 23-25 mm. Head, thorax, tegulac and abdomen
all dark brown. Labial palpus ycllowish-brown, three times as long as longitudinal cye
diameter, dirccted forward. Third scgment thin, apically tapered. Antenna pale brown,
with small dark brown spots basally, just above scape. Wings brown, outer edge slightly
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]'jghtcr. Medial band on all wings whitish, almost transparent, intcrspcrscd with brown
portions of hairs on lobes fringe. Hind leg yellow.

Male genitalia. Uncus thin, long, ncedle-shaped. Gnathos cqual to uncus in
length, apically sharp. Valves long, membranous, smoothly forming an oval api-
cally. Ancllus arms straight, narrow, cqual to gnathos in their length. Saccus oval.
ﬁcdca.gus robust, thick, almost oqual in lcngth to gcnital structure without uncus,
two spinous cornuti distally.

Female gen.italia. Papilla analis oval, wide d‘l.mughout ]:ng(h. Posterior apophysr.s
slightly shorter than anterior, thick and slightly undulated. Antrum wide, funnel-like.
Ductus short, thin, membranous. Bursa copulatrix large, oval, with two large, lanceo-
late signa (although not clearly apparent in Fig. 18).

Distribution. Cameroon.

Flight period. October-May

Etymology. The specics is named after Bokwango, a village on the castern slope of
Mount Cameroon where our project established its main base and where we made a
lot of good fricnds. Many of the specics records were also made in forests belonging to
the village. Last but not least, most of our ficld assistants and other helpers came from
Bolowango and we are thankful to all of them for the success of the project. We strongly
belicve this dedication will also help protect the unique biediversity of the region.

Note. 18 specimens from Elephant Camp, 19-24.X1.2014, and two specimens
from PlanteCam, 11-18.X11.2014, (all lgt. V. Maicher, 5z. Sifidn, S Janeéek, R. Tro-
pek), were crroncously indicated as A. chloracta by Ustjuzhanin cral. (2018). The other
A chloracta specimens referred by Ustjuzhanin et al. (2018) from Bamboo Camp,
Drink Gari and PlanteCam were identified correctly.

Discussion

With the seven newly described Alucita specics, the known diversity of many-plumed
moths on Mount Cameroon has been increased to 22 species (Table 1). Altogether,
19 of these specics were collected in the single locality, PlanteCam (Table 1), but the
general diversicy patterns will be analysed only once the complete Aluerte material
from our collections is processed. This compriscs more than a quarter of the known
Afrotropical diversity of many-plumed moths. At most, only a fow specics of the group
are known from other localities in the region [Ustjmfhanin et al. 2018; De Prins and
De Prins 2019). Although microlepidopteran diversity in the Guinco-Congolian forest
zone remains largely unknown, discoveries of multiple undescribed specics of many-
plumed moths from a single locality is unexpected (Ustjuzhanin et al. 2018).

Mount Cameroon is known to harbour high diversity in many groups, including
L:pidoptcra (c.g., Ballcstcms-Mcjis et al. 2013; Maicher ecal. 2016; Prz.yi:-}fiowicz ct
al. 2019; Dclabyc er al. 2020). This is usually cxpla'mcd as a result of the combina-
tion of its position at the border berween the Guincan and Congoelian biogeographic
regions, its diversity of habitats along the clevarional and precipitation gradients,
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Table I. Summary of all specimens of Alvcita moths sampled on Mount Cameroon in this study and by
Ustjuzhanin et al. (2018).

|
g g X - B.E3 3
Sampling locality mm_?%ﬁg E s,.g“é §§&g§§ 5’“5
EERERRLIESRERERIR NS
e . W, . T e e e T s T
Bimbia-Bonadikombo 30 m 1
Bamboo Camp 350m 1 3 3 T 1 2 2 21 N 4
Drink Gari 650 m 1 1 1.1 L3 3
PlanteCam 1100 m L1 F 31221 2115211111
Ekonjo 1150 m
Crater Lake 1450 m 2
Elephant Camp 1850 m 7 7 7
Mapanja 1850 m 11 1
Mann’s Spring 2200 m 1

and its isolated “sky island™ character I:Ustjuzhanin er al. 2018). Nevertheless, even
such unique combination of conditions can hardly cxplain why Mount Cameroon
so strongly outnumbers all other Afrotropical localitics in the specics richness of
its many-plumed moths. Of the known 22 Alucita species, 16 have been described
from the sitc and have not yet been found anywhere clse. Although it is highly
cxpected that some of these will be distributed more widely, several of the newly
described specics are distinctive and unmistakable in their appearance. These arc
unlikely to have been overlooked in collections. Therefore, we expect that most of
this many-plumed moth diversity is endemic to the study arca. Several other poten-
tially endemic species of moths (c.g., Yakovlev and Sdfidn 2016; De Prins and De
Prins 2019; Pnyb)flowicz et al. 2019;) and bucterflies {:.g., Larsen 200%; Sifidn and
Tropek, 2016; Sdfidn cral. 2019) are already known from Mount Cameroon. Never-
theless, the real characrer of the endemism within Alucitidae on Mount Cameroon,
as well as the mechanisms underlying the group’s speciation (or even local radiation),
will need more detailed research.
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Summary

The aim of the thesis was to explore how the selected ecological and
biogeographical factors might influence and structure Lepidoptera
community structure in the generally understudied Afrotropical systems
(rainforests and savannahs).

The first two chapters focused on the effects of small-scale spatial
mechanisms on butterfly and moth communities. To our knowledge, they
came as the first comprehensive studies of habitat use by fruit-feeding
moths in any tropical area. In Chapter I, we focused on habitat
associations of fruit-feeding butterflies and moths in Afrotropical
rainforests in the foothills of Mount Cameroon. Mainly, we tested our
hypothesis that whilst moths are affected mostly by the plant community
composition, forest openness and structure is more crucial for the
communities of butterflies. This brought the direct and well-standardized
comparison of the two closely related groups of herbivorous insects with
partly different habitat use. We showed that the butterfly communities
depended mostly on forest openness. Moth species richness depended
more on plant diversity and forest openness, whereas their community
composition was mainly influenced by forest openness. Moreover, canopy
and understory communities differed in their patterns, the latter not being
influencd by any habitat characteristics, while canopy communties tended
to follow the general patterns. The revealed strong differences in factors
responsible for forming of the two closely related insect groups can
potentially influence community ecology in tropical ecosystems, as it
warns against too strong generalizations based on single taxon studies. The
study also highlighted the need to study and sample both canopy and
understory strata.
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In Chapter |1, we investigated the effects of natural disturbances
made by forest elephants on Lepidoptera and tree communities on Mount
Cameroon. As seen in Chapter I, moths and butterflies differ in their
habitat requiremens and use. An opening of the forest canopy was expected
to change the composition of the communities. We surveyed insect and
tree communities at mid-elevation (two altitudes) during two different
seasons in forests impacted by forest elephants and in untouched forests.
The forest structure was modified by elephants, leading to less dense forest
with generally higher trees and an open canopy. Despite being generalized
herbivores, elephants are selective browser of palatable species, leading to
a decrease in tree species richness and changes in tree community
composition. This had indirect effects on Lepidoptera communties.
Butterflies are more dependant on solar radiation, explaining the higher
diversity of butterflies in the disturbed areas. On the other hand, moths are
more dependant on plant diversity, and the decrease of plant diversity by
elephants impacted negatively their communities. This work provided
evidence that forest elephants are the key ecological engineer species,
similarly to savannah elephants, as they strongly impact both vegetation
and Lepidoptera communities. In Central Africa, elephant forest
populations are decreasing at an important rate, and the impacts of such a
small dense population of elephants on Mount Cameroon raise
conservation concerns and issues.

In Chapter 111, we focused on shifts of species richness patterns,
seasonal turnover, and seasonal shifts of species’elevational ranges along
the elevation gradient on Mount Cameroon. Butterflies and moths were
sampled at seven elevations during three different seasons. While we
revealed a mid-elevation peak of species richness for almost all groups of
Lepidoptera, confirming the most common biodiversity pattern along the
elevational gradient, this chapter is novel in demonstrating seasonal up-
and downbhill shifts for six out of the nine studied Lepidopteran groups,
shifts so far not reported from any tropical mountains. This study is an
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important contribution to research on tropical biodiversity and elevational
ranges, in the context of assessing the impacts of the global climatic
change. We brought strong evidence that the seasonal dynamics of local
communities need to be included in studies on tropical biodiversity, along
elevational gradients. Moreover, regarding the habitat use and associations
of Lepidoptera communities studied in the Chapters | and I, it would be
interesting to describe the niche conservatism and niche breadth of the
Lepidoptera communities along the elevational gradient of Mount
Cameroon. The high-elevation species could use the more diverse
environment, i.e. be more generalised, because their niches are more
constrained by abiotic factors than interspecific competition. Such
hypothesis should be tested in the future.

In Chapter 1V, since the effects of environmental productivity on
insect diversity patterns is understudied, we checked relationships between
species richness and abundance of moths with environmental productivity
at noth local and regional scales in southern African savannah ecosystems.
Moths were sampled at 12 sites, at the beginning of the rainy season, and
along an environmental productivity gradient not depending on latitudes
and elevations. While we expected a positive linear relationship of species
richness at both scales, we revealed a pattern with an exponential growth
of moth species richness at both scales along the gradient, indicating,
through temperature and water availability, the indirect effects of
envirnomental productivity on moth communities in African savannahs.
However, although we also predicted a positive relationship between the
number of individuals and environmental productivity, we shown no
significant relationships, suggesting that abundance does not limit the
species richness of moth communities, and implying that insect abundance
is not a strong estimate of insect diversity patterns. Comparative studies
on other trophic levels on such continent-wide gradients of environmental
productivity would be interesting to test, especially on insect predators, in
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order to reveal whether environmental productivity structure similar
patterns of diversity, as expected by the productivy hypothesis.

Chapters V till VIII emphasise that the exceptional diversity and
distribution of Afrotropical Lepidoptera is still largely unexplored. Using
DNA barcoding enabled to describe the taxonomic diversity and
composition of Lepidoptera assemblages, and to confirm its low
knowledge in the Central Africa (Chapter V). The high amount of new
country records found in our samples shows our general lack of knowledge
on Afrotropical Lepidoptera (Chapters VI and VI1I). Moreover, the area
appeared to be the newly discovered hotspot for many-plumed moths
(Chapter VIII).

Conclusion

The several studies included in this thesis reported several ecological and
taxonomical aspects of Lepidoptera communities in the Afrotropics. Some
ecological gradients, such as elevation and productivity, and their effects
on biodiversity patterns have been studied here. Studying these ecological
gradients offered the opportunity to reveal how small and large spatial and
temporal scale mechanisms structure insect communities and their
diversity patterns. It is remarkable to notice that their spatial and temporal
mechanisms remain far from being totally understood and deserve more
attention. Moreover, since temperature is thought to be one of the most
important factors affecting insect abundance, distribution, and survival,
understanding those mechanisms seem to be even more important in order
to predict insect community changes in the context of the global climate.
Furthermore, identifying areas with the high species richness, vulnerable
groups of species, or endemic species, is needed for land management and
conservation. The few examples of the Afrotropical studies in this thesis
showed how unique they are in terms of biodiversity, climate, and habitats.
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