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Abstract
The genus Bactrophora Westwood, 1842 comprises only two species known from Central America and northern 
South America, with a notable scarcity of collected specimens. Herein, we provide the first records of the presence 
of this genus in Brazil. These new records, based on entomological collection data and photographic records, extend 
the known distribution of Bactrophora dominans Westwood, 1842 to include the Brazilian Amazonian region. Both 
records emphasize the importance of natural history collections and the significance of the iNaturalist web-based 
application as an instrumental tool in this discovery.
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Introduction
Bactrophorinae is a peculiar group of Neotropical grass-
hoppers characterized by small to medium-sized species, 
usually both sexes are brachypterous or micropterous, 
with strong hind legs, large globular protruding eyes, 
filiform antennae normally longer than head and tho-
rax combined, second tarsomere of hind leg almost same 
length or longer than the first one, and tarsi and ventral 
surface of abdomen bearing sensory bristles (Rowell 

2013). The subfamily comprises three tribes, over 40 gen-
era, and about 200 species (Rowell 2012; Cigliano et al. 
2021), and among them, Bactrophora Westwood, 1842 
is possibly the most distinct taxon, easily recognized 
by the unusually long rostrum, derived from a remark-
able fastigium (Rowell 2013). Bactrophora has a Central 
American–Amazonian distribution, and it is regarded as 
a member of a clade that includes the most basal groups 
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within the Bactrophorini, one of the three tribes within 
the subfamily (Amédégnato et al. 2012).

There are only two known species within the genus 
Bactrophora: B. dominans Westwood, 1842, and B. mira-
bilis (Bruner, 1905). While B. mirabilis can be distin-
guished by a fastigium process whose apex is acuminate 
and pronotal tubercles strongly marked, B. dominans 
fastigium process is larger, with expanded apex, and the 
pronotal surface has less developed tubercles (Bruner 
1905; Rehn 1938). As most Bactrophorinae are forest-
dwelling and many genera, including Bactrophora, are 
known to be arboreal, they are difficult to observe, study 
and collect, contributing to the scarcity of knowledge 
on the subfamily (Rowell 2012; González et al. 2015). 
Not surprisingly, very few studies have been published 
regarding Bactrophora, and among them, we highlight 
the studies of Rehn (1938) and González et al. (2015). 
The latter authors recorded the latest known B. domi-
nans specimens from Venezuela and French Guiana.

There is a tremendous scarcity of preserved speci-
mens of Bactrophora; there are only four specimens of 
B. mirabilis known, collected in Costa Rica (Rehn, 1938; 
González et al. 2015; Cigliano et al. 2021), and 10 spec-
imens of B. dominans, from few localities in northern 
South America (Table 1). As the latter species has a wide 
distribution in forest environments, it was suspected that 
it could be found in Brazil (Rowell 2013; González et al. 
2015).

During an orthopterology course taught by Dr. Pedro 
G.B. Souza-Dias, we found a new record of B. dominans 
from the Brazilian Amazonian region that was uploaded 
to the iNaturalist platform (https://www.inaturalist.org/
observations/58283814). Another specimen was later 
found in the collection of the Universidade Federal do 

Pará (UFPA). Both findings allow us to report the first 
records of Bactrophora dominans in Brazil, thus enhanc-
ing the known distribution of the species. Specimen pho-
tos, as well as a table with relevant information and a 
distribution map, are included.

Methods
One female specimen of B. dominans (Fig. 1; Table 1) 
was found in September 2020 inside a house in the sur-
roundings of Manaus municipality, Amazonas state, 
Brazil. The specimen was photographed (Fig. 1), and the 
image was uploaded to iNaturalist, a web-based applica-
tion designed to capture and share photo-based records 
of plants and animals worldwide. At the time of the 
observation, a female was also found in a collection at 
the Universidade Federal do Pará (UFPA) (Figs. 2, 3). 
The specimen was collected on 1-xi-2008 by fogging in 
Urucu River, Coari municipality (Amazonas State, Bra-
zil) (Figs. 2, 3; Table 1). This specimen will be deposited 
in the entomological collection of the Museu Paraenese 
Emílio Goeldi (MPEG). The pinned specimen was mea-
sured and later photographed using a Leica M205 stereo-
microscope equipped with a Leica DFC 450 camera. The 
measurements (mm) were defined as follows: body length 
(b), as the distance between the apex of the rostrum and 
the end of ovipositor; pronotum (p), as the maximum dis-
tance between the anterior and posterior borders of the 
pronotal disc; hind femur (hf), as the distance between 
the base of the hind femur and its genicular lobes; and 
tegmina (tg), as the distance between the base and the 
apex of tegmina. Both specimens were identified using 
the related literature (Westwood 1842; Martínez 1921; 
Rehn 1938; Rowell 2013; González et al. 2015) and com-
pared with type and other voucher specimens.

Figure 1. Bactrophora dominans Westwood, 1842, female specimen from Manaus, Amazonas State (Brazil), presented in iNaturalist, 
https://www.inaturalist.org/observations/58283814. (Photo: Thalisson Torres)
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Figure 2. Female Bactrophora dominans Westwood, 1842 (UFPA, Brazil). A. Habitus in lateral view. B. Dorsal view. C. Head in ventral view. 
D. Head in lateral view.
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Figure 3. Bactrophora dominans Westwood, 1842 female terminalia (UFPA, Brazil). A. dorsal view. B. Ventral view. C. Lateral view.

Additional photographs (without scale bar) of other 
specimens of B. dominans and B. mirabilis (includ-
ing the types) were made available by the curatorial 
staff of the Museum of Natural History London, UK 
(NHMUK), Instituto Nacional de Biodiversidad, San 
Jose, Costa Rica (INBio), Academy of Natural Sciences 
of Drexel University, Philadelphia, USA (ANSP), and 
Museo Nacional de Ciencias Naturales, Madrid, Spain 
(MNCN) (Fig. 4).

The current known distribution of B. dominans 
was obtained from specimens’ labels, from the photo 
deposited at iNaturalist and literature records. Impre-
cise geographic locations were discarded. Any addi-
tional information (not originally included in specimens’ 
labels) are presented within brackets. The map was built 
using QGIS (v. 3.10.2 with GRASS 7.8.2) with Quick-
MapServices function. The final editing was made in 
Inkscape (0.9.1) (Fig. 6).

Some labels’ data needed to be corrected, and 
approximated coordinates were provided. The locality 
named “Pozo Azul” was mentioned by Rehn (1938) as 
“Pozo Azul de Pirrís, plains of the Rio Grande de Pirrís, 
western Costa Rica”. This river is also known as Parrita 

River, and we used an approximated coordinate available 
in mindat.org. Rehn (1930) also corrected the translitera-
tion error of the locality in Guyana named “R. Paruni” 
for Rupununi River. Both specimens from INBio have 
coordinates on the original labels (in UTM format but 
the zone was not included). However, these coordinates 
were incorrect when written as “L-S” (i.e., South Lati-
tude) and Costa Rica is in North Latitude. Even after cor-
recting to “North Latitude” and using the UTM zones 
where Costa Rica is inserted (i.e., 16 and 17), the orig-
inal coordinates corresponded to points in the Pacific 
Ocean more than 400 km from the Pacific coast of Costa 
Rica. The labels have the locality named (i.e., Corcovado 
National Park), so we strongly believe that someone mis-
took the coordinates while preparing the labels. We used 
approximate coordinates of the localities instead.

Results
Bactrophora dominans Westwood, 1842
Figures 1–3

New records. BRAZIL – Amazonas • Manaus; 03°05′ 
27″S, 059°57′58″W; 08.IX.2020; 1♀, [https://inaturalist.

Table 1. Data for all records ever made for Bactrophora dominans Westwood, 1842 (including information of this study).

Locality Sex Number of specimens Reference

Unknown Female 1 Westwood 1842

Colombia (the exact location is doubtful) Male 1 Martínez 1921; Rehn 1938; González et al. 2015

Guyana, Rupununi River Male 1 Martínez 1921; Rehn 1938; González et al. 2015

Guyana, Colombia, Brazilian and Peru Amazon — — Rowell 2013*

Northern South America, Colombia, Venezuela, Guianas, Suriname, northern Brazil — — González et al. 2015*

Venezuela, Bolívar state (Ichum River in the Tepui Ichum) 04°28′12.53″N, 063°20′36.27″ Female 1 González et al. 2015

French Guiana (Bélizon trail, going to Regina road) Female 1 González et al. 2015

French Guiana (Kapiri trail, close to the town of Regina) Female 2 González et al. 2015

French Guiana Unknown sex 1 Giugliaris in González et al. 2015

Brazil, Amazonas state (Urucu river, Coari) 04°52’33.5”S 065º16’46.3”W Female 1 Silva et al.2021

Brazil, Amazonas state Female 1 iNaturalist

* Distribution estimates found in the literature.
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org/observations/58283814] • Coari, Urucu River; 04°52′ 
33″S, 065°16′46″W; 01.XI.2008; J.A.M. Fernandes leg.; 
1♀, pinned, MPEG.HEX05050457.

Additional material examined.
Bactrophora dominans • no collecting data; Bactro-

phora dominans Westwood Type; 80[illegible number]7; 
1 ♀, pinned, ANSP. B. 

GUIANA [GUYANA] – [Upper Takutu–Upper Esse-
quibo] • R. Paruni [Rupununi River]; [03°47′25″N, 058°59′ 
04″W]; V.1916; C.E. Bodkin leg.; Pres. by Imp. Bur. Ent. 
1920–350; 552; 1 ♂, pinned, NHMUK. 

[COLOMBIA] • Santa Fé Bogotá [according to 
Rehn (1930), the exact location is doubtful, but cer-
tainly it is not Bogotá]; 1 ♂, pinned, MNCN_Ent 119721, 
CSIC-MNCN. 

FRENCH GUIANA – [Cayenne] Bélizon trail; [04°16′ 
26″N, 52°38′35″W]; 14.XII.1989; J.L. Giugliaris leg.; 
close to light; 1♀; J.L. Giugliaris Collection. • Regina, 
Kapiri Trail [04°18′35″N, 052°08′03″W]; 02.VIII.2008; 
J.L. Giugliaris leg.; Glass Interception trap, 2♀; one in 
J.L. Giugliaris Collection, the other in an undisclosed 
private collection. 

VENEZUELA – Bolívar • Ichum Tepui; 04°28′12.53″ 
N, 063°20′36.27″W, alt. 650m; 7.III.2013; 1♀; MIZA-
UCV.

Bactrophora mirabilis. COSTA RICA – [Puntare-
nas] • Pozo Azul [09°30′0″N, 84°19′33″W]; June; [C.F.] 
Underwood leg.; Scolocephala mirabilis Bruner Type; 1 
♂, pinned, ANSP Type H308 • Osa península, 3–10 mi 
S. Rincón [3–10 miles south of Rincón, Arboreal Habi-
tat Insecticide sta. 36; [08°33′24″N, 083°27′54″S]; 7–20.
II.1967; H.R. Roberts, E.H. Roberts, M.S. Harrison, 
W.W. Moss, D.A. Nickle leg.; 1 ♀, pinned, ANSP • P. 
N. Corcovado, Sector La Leona, Cerro Puma, #74481; 
L-S-267700 518900 [08°26′51″N, 083°29′09″W]; 100–
300 m alt.; 21.VI–10.VII.2003; M. Moraga. Libre [leg.?]; 
1 ♀, pinned, INBio INB0009734486 • P. N. Corcovado, 
Est. Sirena; 0–100m; L-S-270500, 508300 [08°28′24″N, 
083°35′36″W]; IV.1990; Fonseca leg.; 1 ♂, pinned, INBio 
INBIOCRI000921673.

Identification. According to Rehn (1938), the follow-
ing characteristics can easily distinguish the only two 
known Bactrophora species: Bactrophora dominans 
is characterized by the apex of the fastigium process 
expanded laterally (Figs. 4A–B, 5A–D); pronotal sur-
face with tubercles less developed and not blackish 
(Figs. 4A–B, 5A–D); tegmina narrower, with well-
defined rectangular areolation, and longitudinal veins 
intercalated with conspicuous regular and parallel lon-
gitudinal nervures (Fig. 5E); inner surface of hind femur 
dull greenish, with base and distal fifth orange-red to 
carmine; hind tibia externally dull purplish, internally 
carmine, distal border of the penultimate male ter-
gite with a shallow rectangular emargination, flanked 
by a pair of tiny acute projections and another, much 
larger pair (Fig. 5F). On the other hand, Bactrophora 

mirabilis has the apex of the fastigium process acu-
minated, conical (Figs. 4D, E, 5G–J); pronotal tuber-
cles more prominent, distinctly blackish (Figs. 4D, E, 
5G–J); tegmina broader, with only irregular areolation 
between the principal longitudinal veins, no notable 
longitudinal nervure marked (Fig. 5K); inner surface 
of hind femur dull carmine, with genicular lobes dark 
purplish olivaceous; hind tibia externally grayish oli-
vaceous and internally dark purplish olivaceous; distal 
border of penultimate male tergite more deeply emar-
ginate, boarded by a pair of pronounced acute projec-
tions (Fig. 5L). Body length = 90.7 mm; pronotum = 
12.6 mm; hind femur = 28.4 mm; tegmina = 42.0 mm.

Discussion
This study was possible only due to the use of two 
important tools for the study of biodiversity: museum 
collections and online social media. During these days 
of increasing environmental degradation and rates of 
extinction in certain groups, natural history museums 
and collections are even more important as they are 
repositories of biodiversity, and, in many cases, house 
vouchers and type specimens with important informa-
tion for genetic, phylogenetic, biogeographic, and eco-
logical studies (Lane 1996; Burrell et al. 2015; Ceballos 
et al. 2017; Schmitt et al. 2018; Domagała and Dobosz 
2019). Museum collections also provide records of the 
distribution and natural history of organisms, essential 
information in understanding biodiversity (Konstantivov 
and Namytovac 2019).

The records of Bactrophora dominans in northern 
South America (Fig. 6) are still scarce, but these new 
records were expected (González et al. 2015). However, 
until this study, the species had not been found in Brazil. 
The finding of a specimen of Bactrophora in a collection, 
increases the distribution of this genus and supports the 
importance of these repositories as witnesses of the bio-
diversity that exists in natural environments (Domagała 
and Dobosz 2019; Konstantivov and Namytovac 2019). 
The specimen of B. dominans in the UFPA collection 
was originally collected using fogging, as has been the 
case for B. mirabilis (Roberts 1973). This supports the 
idea that Bactrophora species are arboreal and more 
than probably live in the forest canopy (Roberts 1973; 
González et al. 2015).

The union of taxonomy and technology through 
online social media, such as iNaturalist, allows records 
citizens and researchers to provide important scientific 
information and distributional data on several insect 
groups, such as termites (Hochmair et al. 2020), pygmy 
grasshoppers (Skejo et al. 2020), monkey grasshoppers 
(Olivier et al. 2020), and raspy crickets (Cadena-Casta-
ñeda et al. 2020). The iNaturalist platform also can help 
record the presence of invasive insects such as ladybird 
beetles (Hiller and Haelewaters 2019). In our study, the 
iNaturalist record allowed us to verify details of the mor-
phology and coloration of a living female, as most of the 
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Figure 4. Bactrophora Westwood, 1842 type specimens. A–C. Bactrophora dominans Westwood, 1842 (NHMUK): (A) lateral view; (B) dorsal 
view; (C) labels. D–F. Bactrophora mirabilis (Bruner, 1905): (D) lateral view; (E) dorsal view; (F) labels. Figures not at scale. (ANSP, Philadel-
phia, USA).
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Figure 5. Bactrophora dominans Westwood, 1842. A. Head in lateral view and B. Head in dorsal view (UFPA). C. Head in lateral view and D. 
Head in dorsal view (CSIC-MNCN). E. Tegmina shape and F. Penultimate male tergite shape (UFPA). Bactrophora mirabilis (Bruner, 1905) G. 
Head in lateral view and H. Head in dorsal view (ANSP). I. Head in lateral view and J. Head in dorsal view (INBIO). K. Tegmina shape and L. 
Penultimate male tergite shape (ANSP). (Figures not at scale)

limited data on this genus come from museum material 
and, consequently, some characteristics are lost with 
specimen preparation.

Data on the biology, natural history, and geo-
graphic distribution of Bactrophora species are still 
poorly known (González et al. 2015), and some details 
about the phallic complex and female genitalia are still 
unexplored.

Acknowledgements
This study has benefited from the facilities provided by 
CNPq/Programa SISBIOTA Brasil (Edital 712 MCT/
CNPq/MMA/MEC/ CAPES/FNDCTeFAPEMIG-Ação 
Transversal/FAPs 166 no. 713 47/2010, process no. 
563360/2010-0), PROTAX/CNPq/ FAPEMIG (process 
no. 440664/2015–2 714 and APQ—04154-15) and CNPq 



902 Check List 17 (3)

Figure 6. Current distribution of Bactrophora dominans Westwood, 1842. Circles: known occurrences; square: new record, individual col-
lected; star: new record, photographic record and data from iNaturalist.

(process no. 310032/2015-6). This study was financed in 
part by the Coordenação de Aperfeiçoamento de Pessoal 
de Nível Superior - Brasil (CAPES) - Finance Code 001). 
We are greatly indebted to Frederic Beneluz and J.L. 
Giuliaris (French Guiana), Jason Weintraub (Academy 
of Natural Sciences of Philadelphia, USA), Hugh Rowell 
(Universität Basel, Switzerland), Bernardo Espinoza and 
Carlos Hernández (Instituto Nacional de Biodiversidad, 
Costa Rica), Alessandro Giusti and George Beccaloni 
(Natural History Museum, London, UK), Mercedes 
París (Colección de Entomología, Museo Nacional de 
Ciencias Naturales, Madrid, España) and Thalisson Tor-
res (Universidade Federal de Amazonas, Manaus, Brasil) 
for providing us with relevant information and/or photo-
graphs under their care of the Bactrophora insects.

Authors’ Contributions
DSMS identified the specimen on iNaturalist, raised dis-
tributional data and organized the manuscript. GT identi-
fied the pinned specimen, made the figures, and took the 
measurements. MF found the specimen information, and 
built the map. JMG provided information on the types 
of both species, as well as details on the other known 
B. dominans specimens. All authors participated in the 
writing process of the manuscript.

References
Amédégnato C, Poulani S, Rowell CHF (2012) A cladistic analysis of 

the tribe Bactrophorini (Bactrophoirinae, Romaleidae). Journal of 

Orthoptera Research 21 (1): 91–107.
Bruner L (1905) Two remarkable New Costa Rican locust. Entomo-

logical News and Proceeding of the Entomological Section of the 
Academy of Natural Science of Philadelphia 16 (1): 315. https://
doi.org/10.1665/034.021.0107

Burrell AS, Disotell TR, Bergey CM (2015) The use of museum speci-
mens with high-throughput DNA sequencers. Journal of Human 
Evolution 79: 35–44. https://doi.org/10.1016/j.jhevol.2014.10.015

Cadena-Castañeda OJ, Arango CJD, Parra NOR, Gracía AG (2020) 
Studies on raspy crickets: new Triaenogryllacris species (Orthop-
tera: Gryllacrididae). Zootaxa 4896 (2): 239–250. https://doi.org/ 
10.11646/zootaxa.4896.2.5

Ceballos G, Ehrlic P R, Dirzo R (2017) Biological annihilation via 
the ongoing sixth mass extinction signaled by vertebrate popu-
lation losses and declines. Proceedings of the National Acad-
emy of Sciences 114 (30): E6089–E6096. https://doi.org/10.1073/
pnas.1704949114

Cigliano MM, Braun H, Eades DC, Otte D (2021) Orthoptera species 
file. Version 5.0/5.0. http://Orthoptera.SpeciesFile.org. Accessed 
on: 2020-10-22.

Domagala PJ, Dobosz R (2019) Urania sloanus (Cramer, 1779) (Lepi-
doptera : Uraniidae), an enigmatic extinct species in Polish Mu-
seum collections. Annales Zoologici 69 (4): 697–702. https://doi.
org/10.3161/00034541ANZ2019.69.4.005

González JM, Shea J, Brewer-Carías C (2015) First reports of Bac-
trophora dominans Westwood, 1842 (Orthoptera: Romaleidae) 
from Venezuela and French Guiana (South America), with com-
ments on biology, ecology and distribution of the species. Check 
List 1 1(2): 1614. https://doi.org/10.15560/11.2.1614

Hiller T, Haelewaters D (2019) A case of silent invasion: Citizen sci-
ence confirms the presence of Harmonia axyridis (Coleoptera, 
Coccinellidae) in Central America. PLoS  ONE 14 (7): e0220082. 
https://doi.org/10.1371/journal.pone.0220082

Hochmair HH, Scheffrahn RH, Basille M, Boone M (2020) Evaluating 
the data quality of iNaturalist termite records. PLoS ONE 15 (5): 
e0226534. https://doi.org/10.1371/journal.pone.0226534

https://doi.org/10.1665/034.021.0107
https://doi.org/10.1665/034.021.0107
https://doi.org/10.1016/j.jhevol.2014.10.015
https://doi.org/10.11646/zootaxa.4896.2.5
https://doi.org/10.11646/zootaxa.4896.2.5
https://doi.org/10.1073/pnas.1704949114
https://doi.org/10.1073/pnas.1704949114
https://doi.org/10.3161/00034541ANZ2019.69.4.005
https://doi.org/10.3161/00034541ANZ2019.69.4.005
https://doi.org/10.15560/11.2.1614
https://doi.org/10.1371/journal.pone.0220082
https://doi.org/10.1371/journal.pone.0226534


Silva et al.  |  First report of Bactrophora dominans from Brazil 903

Konstantinov FV, Namyatova AA (2019) Taxonomic revisions and 
specimen databases  in the Internet age: dealing with a species 
rich insect taxon. Entomological Review 99 (3): 340–361. https://
doi.org/10.1134/S0013873819030072

Lane M A (1996) Roles of natural history collections. Annals of the 
Missouri Botanical Garden 83 (4): 536–545. https://doi.org/10.23 
07/2399994

Martínez S (1912) Nota acerca de la Bactrophora dominans Westwood 
(Orth. Locust). Memorias de la Real Sociedad Española de Histo-
ria Natural. Tomo Extraordinario 503–508.

Olivier RS, Siqueira AM, Lima JMV, Souza-Dias PGB (2020) First 
record of Eumastacidae in Rio de Janeiro state, Brazil (Orthop-
tera, Caelifera). Check List 16 (5): 1165–1169. https://doi.org/10. 
15560/16.5.1165

Rehn JAG (1938) A revision of the Neotropical Euthymiae (Orthop-
tera, Acrididae,  Cyrtacanthacridinae). Proceedings of the Acad-
emy of Natural Sciences of  Philadelphia 90: 41–102.

Roberts HR (1973) Arboreal Orthoptera in the rain forests of Costa 
Rica collected with insecticide: a report on the grasshoppers (Ac-
rididae), including new species. Proceedings of the Academy of 
Natural Sciences of Philadelphia 125 (3): 49–66.

Rowell CHF (2012) New bactrophorine taxa (Orthoptera, Romaleidae, 
Bactophorinae) from Panama and Costa Rica. Journal of Orthop-
tera Research 21 (2): 281–300. https://doi.org/10.1665/034.021.0215

Rowell CHF (2013) The grasshoppers (Caelifera) of Costa Rica and 
Panama. Publications on orthopteran diversity. The Orthopterists’ 
Socety, 611 pp.

Schmitt CJ, Cook JA, Zamudio KR, Edwards SV (2018) Museum 
specimens of terrestrial vertebrates are sensitive indicators of en-
vironmental change in the Anthropocene. Philosophical Transac-
tions of the Royal Society B: Biological Sciences 374: 20170387. 
https://doi.org/10.1098/rstb.2017.0387

Skejo J, Connors M, Hendriksen M, Lambert N, Chong G, McMas-
ter I, Monaghan N, Rentz D, Richter R, Rose K, Franjević D 
(2020) Online social media tells story of Anaselina, Paraselina, 
and Selivinga (Orthoptera, Tetrigidae), rare Australian pygmy 
grasshoppers. ZooKeys 948: 107–119. https://doi.org/10.3897/zoo 
keys.948.52910

Westwood JO (1842) Plate XVII – Illustrations of two rostrated Lo-
custidae. In: Westwood JO (Ed.) Arcana Entomologica; or Illus-
trations of new, rare and interesting insects. Vol 1. Bradbury and 
Evans, London, England, 65–66.

https://doi.org/10.1134/S0013873819030072
https://doi.org/10.1134/S0013873819030072
https://doi.org/10.2307/2399994
https://doi.org/10.2307/2399994
https://doi.org/10.15560/16.5.1165
https://doi.org/10.15560/16.5.1165
https://doi.org/10.1665/034.021.0215
https://doi.org/10.1098/rstb.2017.0387
https://doi.org/10.3897/zookeys.948.52910
https://doi.org/10.3897/zookeys.948.52910

