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Abstract
Although Madagascar is one of the world’s most important biodiversity hotspots, the knowledge of its faunistic diversity is still incom-
plete, notwithstanding many field campaigns were organized since the 17th century until nowadays, leading to a huge number of verte-
brate and invertebrate records. In this contribution, taking into consideration the geographic distribution by a GBIF dataset including 
286,764 records referred to nine insect orders (Coleoptera, Diptera, Hemiptera, Hymenoptera, Lepidoptera, Neuroptera, Odonata, Or-
thoptera, Trichoptera), we tried to supply some observations on the spatial distribution and to point out some possible biases in the ento-
mological knowledge of Madagascar. Hymenoptera, Coleoptera and Diptera were the most represented orders in the dataset, respective-
ly. Some orders show many “coupled” sampling, with peaks of shared sampled localities between Diptera with Hymenoptera (98.07%) 
and Hemiptera with Coleoptera (64.21%). Considering the geographic location and the extension of the vegetation macrogroups in Mad-
agascar, the entomological data result unevenly distributed. Current Protected Areas’ (PAs) network covers about the 70% of the total 
of the collecting localities for the nine insect orders considered, even though some, such as Trichoptera, Odonata, and Neuroptera seem 
significantly less protected than others. However, the possible new PAs planned for Madagascar could greatly increase in the future the 
protection level for all 9 insect orders analyzed, especially for Neuroptera, Odonata and Lepidoptera. A percentage of 82.3% of the whole 
sampling localities falls inside the PAs themselves or within 1000 m from their borders. A similar pattern is observed for the road net-
work: the 62.9% of the localities fall at least at 1000 m from a road, with no sampling localities observed further than 10 km from a road; 
statistically significant clusters were observed in evaluating these biases, coinciding with major towns or PAs. 

Key words: Madagascar, Insect distribution, Global Biodiversity Information Facility (GBIF), Vegetation macrogroups, GIS analysis, 
Data coverage, Protected areas system, Hotspot analysis.

Introduction

Madagascar has been designated one of the world’s most 
important biodiversity hotspots, and it is characterized by 
a disproportionally diverse flora and fauna (Goodman and 
Benstead 2003, 2005). Recent studies on the Malagasy 
fauna have led to a great increase in the number of known 
animal species and have revealed high proportions of cryp-
tic diversity and microendemism in several animal groups 
(Biondi 2001; Goodman & Benstead 2005; Townsend et 
al. 2009; Vences et al. 2009; Wesener et al. 2011; Biondi 
& D’Alessandro 2013, 2016; D’Alessandro et al. 2014). 
However, because of the presence of diverse biota that 
have evolved in isolation, and the regionally pronounced 
and locally steep environmental gradients, getting a good 
knowledge of the megadiverse fauna of the Madagascar is 
still a far-reaching goal, especially for the invertebrates.
 The first work on Madagascar’s fauna, which was es-
sentially limited to vertebrates, was published as early as 

1658 by Etienne de Flacourt, the general governor of the 
French colony of Fort Dauphin (Tolagnaro) (Paulian & 
Viette 2003). The true, formal natural exploration expe-
ditions in Madagascar started in the eighteenth century, 
with “naturalist travelers” (Paulian 1954) attracted by the 
reports of previous voyagers, generally merchants or rep-
resentatives of European Countries, on Madagascan flora 
and fauna. 
 In 1833, Boisduval and Klug published general sur-
veys of the Lepidoptera and Coleoptera of the Madagascar 
region, respectively. The first attempt toward a general re-
view of Madagascar’s invertebrates was made by Alfred 
Grandidier (1886-1902) at the turn of the nineteenth cen-
tury, in “Histoire physique, naturelle et politique de Mad-
agascar”. This work included the checklist of Coleoptera 
and monographs of such groups as Mollusca, Myriapoda, 
Lepidoptera Rhopalocera, Blattodea, Mantodea, Hyme-
noptera Formicidae, and a few other family groups of Hy-
menoptera. The phase of the naturalist travelers was fol-
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lowed by the period of the “naturalist amateurs” (Paulian 
1954; Viette 1991), from the beginning of the twentieth 
century, to the World War II. In this period, the activi-
ty of the Académie Malgache (AM) begun, with compre-
hensive publications on several insect groups in its Bul-
letin and Mémoires. After the World War II, the creation 
of the Institut de Recherche Scientifique de Madagascar 
(IRSM), in 1947, gave a new boost to the zoological re-
search in the island. It favored the arrival of professional 
scientists who brought a modern way to do research on 
the field, with standardized techniques for more effective 
collections and more complete knowledge of the fauna, 
even in the less known areas, difficult to reach (e.g. Tsara-
tanàna, Andrigitra, Antsingy). Until the end of 1960s, the 
AM and IRSM supported frequent zoological expeditions. 
Most of the hundreds of scientific reports on the results 
of such expeditions were edited in Faune de Madagascar, 
published under the auspices of the Government of the Re-
publique Malgache, by the Museum d’Histoire Naturelle, 
Paris, and in Bullétin de l’Académie Malgache, Mémoires 
de l’Académie Malgache, Le Naturaliste Malgache, and 
the Mémoires de l’Institut Scientifique de Madagascar. 
From 1970 to 1973, active field work was carried out in 
several mountain areas under the Programme n° 225 of 
the French Centre National de la Recherche Scientifique. 
Even though the main goal of the Programme was getting 
floristic data, it also provided important material for taxo-
nomic entomological research.
 After a period of difficult political transition, lasted un-
til 1985, when few contributions were made on the fau-
nal exploration of Madagascar, current public and private 
Madagascan Institutions dealing with environmental and 
conservationist issues, along with Non-Governmental Or-
ganizations, have become very active: biological sciences, 
which includes studies on the fauna, is the only field of the 
Madagascan research constantly growing (Andriamialisoa 
& Langrand 2003; Gaillard 2011). Recent expeditions in-
corporated researchers of different nationalities and spe-
cialties, under the aegis of World-Wide Fund for Nature, 
Muséum National d’Histoire Naturelle (Paris), Smithso-
nian Institution (Washington, D.C.), California Academy 
of Science (San Francisco), Field Museum of Natural His-
tory (Chicago), The Natural History Museum (London). 
Even though important collections made during these sur-
veys are, for the most part, still waiting to be studied (Au-
thors pers. com.; Paulian & Viette 2003), an increasing 
number of taxonomic papers have been published in dif-
ferent scientific journals and databases. Some taxonomic 
groups were investigated better than other, because of the 
major activity of their collectors.
 In this context, we have considered interesting, through 
the analysis of a large GBIF (Global Biodiversity Infor-
mation Facility) dataset referred to 286,764 presence loca-
tions of nine orders of insects, to estimate the current cov-
erage in the knowledge of the entomofauna in Madagas-
car, trying to evaluate:

a) the areas with highest and lowest number of records;
b) possible significant connections with vegetation mac-

rogroups (sensu Sayre et al. 2013);
c) possible significant connections with current and pro-

posed protected areas;
d) possible existence of correlations between records and 

infrastructures, specifically the road network.

Material and methods

Study area
The study area considered in this research is the island of 
Madagascar. Its bioclimatic zones comprise humid, sub-
humid, montane, dry, and subarid environments with dis-
tinct geographic and vegetation formations (Sayre et al. 
2013). 

Datasets
We considered a GBIF dataset (GBIF 2018; access from 
January 2016 to October 2018) of nine orders of insects: 
Coleoptera, Diptera, Hemiptera, Hymenoptera, Lepidop-
tera, Neuroptera, Odonata, Orthoptera and Trichoptera. 
For each order listed, we acquired GPS points of presence 
sites using records of species occurrence within Madagas-
car; records with coordinates missing or failing to match 
the locality description, were excluded from our analy-
sis. GBIF is a portal that collates digitized collection and 
survey data, and is the largest online provider of distribu-
tion records. Notwithstanding the distributional databases 
are considered as spatially biased, due to uneven effort of 
sampling, data storage and mobilization, GBIF, as “digi-
tal accessible information” (DAI), however, represents an 
important resource that allows to gather huge amounts of 
data also for areas where structured data are not available 
(Amano et al. 2016). 
 For our analysis, we used as “operational unit” a taxo-
nomic level of “order”, taking into account that geograph-
ic biases can potentially increase when dealing with low-
er taxonomic levels (family, genus, species) (Bielby et al. 
2006; D’Alessandro et al. 2018). 
 The database consisted of a total of 286,764 records, 
distributed as follows: Coleoptera (71,842); Diptera 
(27,066); Hemiptera (22,382); Hymenoptera (148,985); 
Le pi  doptera (8568); Neuroptera (4777); Odonata (964); 
Or  thoptera (1021); Trichoptera (5483).

Protected areas and infrastructures
Data of both current and proposed Madagascar’s Protect-
ed Areas (PAs) (Gardner et al. 2018) were downloaded 
from the Réseau de la Biodiversité de Madagascar re-
pository (REBIOMA 2018). Spatial information of roads 
of the whole study area were obtained from the Open-
StreetMaps’ Humanitarian Data Exchange (HDX) dataset 
(OpenStreetMap 2018).
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GIS analysis
Biodiversity data analysis through Geographic Informa-
tion Systems (GIS) represents a fundamental technique 
which helps to discover different aspects of conservation 
and management of nature (e.g. Iannella et al. 2016; En-
gen et al. 2018; Iannella et al. 2018a, 2018b; Siles et al. 
2018). 
The distance of presence sites (point shapefiles) from each 
analyzed feature (PAs and roads) was calculated through 
the ‘Extract values to points’ command performed over 
the rasters resulting from the ‘Euclidean distance’ (maxi-
mum distance set to 10 km) analysis on PAs or roads lay-
ers, both performed in ArcMap 10.0 (ESRI 2010).
 The point shapefiles containing distance information 
were used to create two distance grids over the study ar-
ea, both for PAs and roads, through a spatial join. The 
grids were produced with the ‘Generate Tessellation’ tool 
in ArcMap 10.0 (with each element size = 500 km2). After 
the spatial joining process, if a single cell contained more 
than one point within (thus more than a single distance 
value), the median distance was calculated for the cell, in 
order to down-weight possible outliers. 
 The distance grids were analyzed with a hotspot analy-
sis [‘Hot Spot Analysis (Getis-Ord GI*)’] tool in ArcMap 
10.0 (ESRI 2010), to highlight possible statistically sig-
nificant clusters (hot- or cold-spots) in which non-random 
sampling was possibly carried out in terms of low (cold-
spot) or high (hot-spot) distances from a road or a PA’s 
border. All spatial-referenced data and intermediate geo-
processes not listed above were managed in ArcMap 10.0 
(ESRI 2010).

Results 

The number of presence sites (GPS points) and records 
present in the GBIF dataset analyzed are reported in Ta-
ble 1 and Fig. 1. Based on GBIF data, the best investi-
gated groups, in terms of number of GPS points and re-
cords, are Hymenoptera (3008; 148,975), Coleoptera 
(989; 71842), Diptera (708; 27,066), and Hemiptera (556; 
22382). Groups with the lowest number of GPS points and 
records are Odonata (258; 964), Orthoptera (216; 1021), 
and Trichoptera (227; 1159). The numbers for Neuroptera 
and Lepidoptera were 218; 4799 and 1076; 8568 respec-
tively. Based on the ratio between total records/total GPS 
points (Table 1), it is evident that the average number of 
records per site results strongly variable among the nine 
orders considered, with the highest values for Coleoptera 
(72.64), Hymenoptera (49.53), Hemiptera (40.26), and 
Diptera (32.23) respectively, and the lowest ones for Od-
onata (3.74), Orthoptera (4.73), Trichoptera (5.11), and 
Lepidoptera (7.96) respectively.
 The distribution of records within the different vegeta-
tion macrogroups of Madagascar (Fig. 2a), also reported 
in Table 1 and, as percentage, in Table 2, are shown in 
Fig. 2b. Hymenoptera have the highest number of records 
(148,975) and presence sites (3008), which fall with high-
est percentages in: 1.A.2.Fe.2-Eastern Madagascar Sub-
humid Forest (20.49%), 1.A.2.Fe.1-Eastern Madagascar 
Lowland Rainforest (19.14%) and 1.A.1.Fe.1-Madagascar 
Western Dry Forest (16.68%). Coleoptera, with 71,842 re-
cords distributed in 989 sites, show the highest percentage 
of reports in: 1.A.1.Fe.1-Madagascar Western Dry For-

Table 1 – Total number of records, total presence sites and number of records in each vegetation macrogroup for the nine insect orders 
considered: COL (Coleoptera); DIP (Diptera); HEM (Hemiptera); HYM (Hymenoptera); LEP (Lepidoptera); NEU (Neuroptera); ODO 
(Odonata); ORT (Orthoptera); TRI (Trichoptera) (see text). 
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of records (20.48 %) in the 3.A.2.Fd.1-Madagascar South-
western Coastal Bushland. 
 In order to highlight the importance of each macro-
group in hosting the nine insect orders both in their whole 
and separately (Table 2), we have: 1) considered the ra-
tio between the total number of records (284,754) and the 
total area of Madagascar (587,041 km2), resulting in 0.48 
records per km2; 2) calculated for each vegetation macro-
group an expected value of the number of records (sur-
face in km2 x 0.48); and 3) compared this number with the 
recorded values (Table 2). In accordance with the previ-
ous considerations, it comes out that some macrogroups 
host a significantly higher number than expected values, 
such as 1.A.2.Fe.2-Eastern Madagascar Subhumid For-
est (+ 11.77%) and 1.A.2.Fe.1-Eastern Madagascar Low-
land Rainforest (+ 10.60%), while others show significant-
ly lower percentages than expected, such as 2.A.1.Fq.1-

Fig. 1 – Distribution of localities for all (a) and each (b) of the nine insect orders considered in the study area. The dimension of points 
is proportional to the number of GPS points falling into each specific locality.

a b

est (30.72%), 1.A.2.Fe.2 -Eastern Madagascar Subhumid 
Forest (27.35%) and, to a lesser extent, 3.A.2.Fd.2-Mad-
agascar Southwestern Dry Forest-Thicket (13.21%). An-
other very interesting result is the close association be-
tween the Diptera, with 27,066 records distributed in 708 
sites, and the macrogroup 1.A.2.Fe.2-Eastern Madagascar 
Subhumid Forest, which includes as many as 54.51% of 
the total records referring to this order.
 With regard to the other orders considered, the 1.A.2. 
Fe.2-Eastern Madagascar Subhumid Forest plays a funda-
mental role also for Trichoptera (47.63% of the total re-
cords), Lepidoptera (40.69%), Orthoptera (38.49%) and 
Hemiptera (35.00%). The situation seems to be differ-
ent for Neuroptera, which, despite showing a significant 
percentage of records still in the macrogroup 1.A.2.Fe.2-
Eastern Madagascar Subhumid Forest, shows, as the only 
case among the orders considered, the highest percentage 
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Lepidoptera, may be explained because the sampling of 
some taxa requires some very specialized hunting meth-
ods, that generally does not allow to collect significant 
quantities of material belonging to other orders. The same 
considerations can be made, even if to a lesser extent, for 
Odonata and Trichoptera.
 The surface of the current protected areas in Mada-
gascar covers about 15% of the total area of the island. It 
is distributed through a long corridor along the subhumid 
and humid vegetation macrogroups, in the eastern side, 
and along the central and southern coast, in the western 
side (Figs 2a, 3a). A large PAs system was also estab-
lished throughout the montane, subhumid, dry and humid 
areas in the north. Only few and small areas are protect-
ed in the central part of Madagascar, in a rather dispersed 
network. The proposed PAs system follows a similar dis-
tributional pattern, adding about 9% of protected surface 
in the south and in the north-west of the island, increasing 
significantly the total surface of the protected areas in the 
island (Fig. 3a). 
 Current PAs seem to provide effective protection to 
the set of animal groups here considered, housing 70.11% 
of the total records considered. The percentage in Orthop-
tera (76.20%), Diptera (75.79%), Coleoptera (71.29%), 
and Hymenoptera (70.61%) is particularly high, while it 

Table 2 – Percentages of the presence sites in the vegetation macrogroups and deviation (Dev) respect to the expected values in the nine 
insect orders considered: COL (Coleoptera); DIP (Diptera); HEM (Hemiptera); HYM (Hymenoptera); LEP (Lepidoptera); NEU (Neu-
roptera); ODO (Odonata); ORT (Orthoptera); TRI (Trichoptera) (see text).

Malagasy Subhumid Woodland & Savanna (-10.40%) and 
2.A.1.Fp.1- Madagascar Plateau Woodland & Grassland 
(-7.06%) (Fig. 2c). 
 The interpretation of these results can be complex, be-
cause they are probably due on one hand to a real prefer-
ence of the entomofauna for some specific environmental 
types, but on the other hand to biases referable, for exam-
ple, to non-homogenous sampling efforts in the different 
areas and/or for the different insect groups. 
 The copresence of the investigated groups was more 
deeply investigated by evaluating the percentage of shared 
sites, reported in the intersection matrix between the GPS 
points of the various orders (Table 3; shared sites are also 
visible in Fig. 1b). Orthoptera and Neuroptera show the 
highest levels of sharing, especially with the most repre-
sentative orders like Hymenoptera, Coleoptera and He-
miptera. Single peaks can be seen also in different groups, 
such as Diptera with Hymenoptera (98.07%), and He-
miptera with Coleoptera (64.21%) and Hymenoptera 
(57.37%). The high sharing rate probably depends on the 
use of the same collection method (e.g. Malaise traps or 
pitfall traps), and/or the co-occurrence of the collection 
activity (e.g. over the same scientific expeditions). The 
low sharing of sites, like for Hymenoptera (of which the 
records refer mostly to Formicidae (cf. Fisher 2005) and 
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is significantly lower in Trichoptera (35.63%), Odonata 
(41.29%) and Neuroptera (48.82%) (Fig. 3c). The estab-
lishment of proposed PAs would result in an increase of 
protection. The percentage of points of presence in pro-
tected areas would rise to 85.09%, with the most signif-
icant increases for Neuroptera (+ 32.61%), Odonata (+ 
27.07%) and Lepidoptera (+ 22.93%), while in other or-
ders the increase settles between 11 and 17% (Fig. 3b).

 With regard to the current PAs, the results agree with 
the distance analysis performed for PAs, in which the dis-
tance class 0 ÷ 1000 m (i.e. a sampling locality falls within 
a PA or is in a distance of at most 1 km) hosts 5501 sites 
(82.3%), followed by the second class (1000 ÷ 2000 m), 
hosting 334 sites (5.0%); sites falling 10 km or more out-
side the PAs’ borders are 320 (4.8%) (Fig. 4a). Two main 
cold-spots (i.e. a statistically significant cluster of areas 

Fig. 2 – Vegetation macrogroups of the study area (from Sayre et al. 2013) (a) and the corresponding percentage with respect to the lo-
calities inhabited by each of the nine orders considered (b); the real (red) and expected (blue) percentages of GPS points within each 
vegetation macrogroup for the nine insect orders considered, in black the difference real-expected (c).

b

c

a
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in which the sampling was carried out at short distanc-
es from the target feature, a Protected Area in this case) 
are located in the north and in the central-west Madagas-
car, while two wide hot-spots (i.e. a statistically signifi-
cant cluster of areas in which the sampling was carried 
out at long distances from a Protected Area) are identi-
fied in the central-east and in the southern part of the is-
land (Fig. 4a). In according to the distance analysis per-
formed for roads, 4197 sampling sites (62.9%) are located 
within the 0 ÷ 1000 m distance range, followed by 630 

sites (9.4%) of the second class (1000 ÷ 2000 m) (Fig. 
4b). No sampling sites beyond the 10 km distance from 
roads were found. The main cold spots are in the central-
east and in the southern part of the island, where also the 
main cities of the island occur, while the hot-spots are lo-
cated in the north and in the central-west Madagascar, less 
urbanized (Fig. 4b). Therefore, most samplings occurred 
within PAs or close to roads, and, because main roads 
are usually outside PAs, a reversed situation is observed 
in the hotspot analysis of PAs’ and roads’ distances.

Fig. 3 – Distribution of current (green) and potential (orange) Protected Areas of Madagascar (source: REBIOMA) (a); percentage of 
presence locations falling within current (red) and current + potential (blue) Protected Areas for the total and each of the nine orders con-
sidered. In black, the variation between the two percentages is also reported (b); percentage of localities falling inside (green) and out-
side (dashed) current Protected Areas network (c).

a b

c
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Discussion

The estimate of the current knowledge of the entomofau-
na in Madagascar shows that about 35% of the whole is-
land is not covered by the GBIF dataset, and that a very 
high percentage of knowledge seems to be based on a rath-
er limited number of areas with high values of ratio total 
records/total GPS points. This is particularly evident for 
some groups, such as Coleoptera, Hymenoptera, Hemip-
tera, and Diptera (ratio between 32 and 73), while for oth-
ers, such as Odonata, Orthoptera, Trichoptera, and Lepi-
doptera, the values are much lower (between 3 and 8); this 
fact is probably due to the more extensive methods used in 
the collecting of this second group of insect orders. 
 Considering the geographic location and the extension 
of the vegetation macrogroups in Madagascar, the ento-
mological data appear unevenly distributed. The presence 
of forests seems to be an important determinant of where 

insects were collected, in according to what was reported 
by D’Alessandro et al. (2014). For example, the subhumid 
and lowland forests in the east show much higher percent-
ages than expected, while the woodlands and grasslands 
of the plateau in southern Madagascar seem to be not only 
poorer but also significantly underestimated (Table 2). 
 Generally, Protected Areas attract insect collectors 
within their borders, so as to significantly create bias-sam-
pled clusters (Fig. 4a), and this also happens in Madagas-
car. In addition, the easiness of access to sampling sites is 
also an important facilitation in collecting insects, consid-
ering that a very high number of sampling localities fall 
near the roads (Fig. 4b). Few localities, in fact, fall out-
side the PAs borders, while no sampling locality observed 
is further than 10 km from roads. Finally, the potential 
extension of the system of the Protected Areas, for years 
planned for Madagascar, would lead to a significant per-
centage increase in the inclusion of areas of entomological 

Table 3 – Correlation percentages of the common presence sites among the nine insect orders considered: COL (Coleoptera); DIP 
(Diptera); HEM (Hemiptera); HYM (Hymenoptera); LEP (Lepidoptera); NEU (Neuroptera); ODO (Odonata); ORT (Orthoptera); TRI 
(Trichoptera) (see text).
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interest, especially for the Neuroptera, Odonata and Lepi-
doptera.
 We can conclude that analyses on the level of ento-
mological knowledge of a given area, even if based on 
partial databases, provide useful results with highly rel-
evant nature conservation politics when performed on a 
very large number of records, identifying areas still in def-
icit of knowledge or possible biases in the data collection 
methods used. 
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