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Abstract

As a service to taxonomists and ecologists using names in the well-known and species-rich ship-fouling
serpulid genus Hydroides we present an update of all 107 non-synonymised scientific names, with additional
information on Hydroides nomenclature, original names, etymologies, and type localities derived from
original literature, and in accord with the World Register of Marine Species (WoRMS) database. An update
is needed because the gender of genus Hydroides has from 1 January 2000 reverted to the original feminine,
due to a change in the wording of International Code of Zoological Nomenclature which was overlooked
at that time, and is contrary to the usage in practice of Hydroides as masculine which had started about
1992, although Code-required from the 1960s. We match 31 further original names of current WoRMS
subjective junior synonyms to each non-synonymised name, and also report on the world distribution of
the genus as illustrated by type localities of the valid names. We include notes on seven species inquirenda.
The correct rendering is given of six names that have been altered for gender agreement for the first time
herein. Hydroides gottfriedi nom. n. replaces junior homonym H. rostrata Pillai, 1971. Currently there are
41 non-synonymised species-group names in Hydroides which should be gender invariant, and 23 names
which would only change if moved to a neuter genus; the remaining 43 names are fully gender variable.
Place-names (23), and personal names (16) make up more than a third (36%) of the species names, with
most of the remainder (68) being descriptive of species character states, usually of operculum morphology
(54). All species, except H. norvegica (63°N), have type localities in shallow-water coastal locations in
temperate to tropical waters below latitude 44°, with the highest number of new species (54) from the
adjoining Western Pacific and Indian Ocean areas. The other concentration of new species (31) are those
first found on the Pacific and Atlantic coasts of North America and in the Caribbean.

Copyright Geoffrey B. Read et al.. This is an open access 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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Introduction

An unusual situation has arisen concerning the correct formulation and spelling of
historic species-group names in Hydroides Gunnerus, 1768 (Serpulidae) with respect
to the established requirement of the International Code of Zoological Nomenclature
(hereafter the Code) that the suffix spelling of a Latin or Latinized adjectival species-
group name must agree in gender with its genus (ICZN 1999: Article 31.2). The
stability of Hydroides names is important for tracking name usages as it is the largest
serpulid genus, currently with 107 non-synonymised names, and also a further 31
original names currently placed as subjective synonyms. Hydroides includes H. elegans
(Haswell, 1883), a model organism for settlement and genetic study (e.g., Hadfield
1998), and some other economically important species such as H. ezoensis Okuda,
1934, H. dianthus (Verrill, 1873), H. dirampha Mérch, 1863, and H. sanctaecrucis
Kroyer [in] Morch, 1863, which are foulers of ship hulls, harbour structures, and
aquaculture equipment (Sun et al. 2015).

Hydroides species are easily recognisable by the morphology of the plug which closes
the mouth of their calcareous tubes. It is a two-tier operculum with a basal funnel and
a distal spinous structure called the verticil. The distinctive and varied structure of the
verticil spines has enabled many Hydroides species to be detected. Identification from tubes
alone is problematic, thus past diversity is difficult to determine from the fossil record in
the absence of the opercula. Hydroides has no current subgenera, but Eupomarus Philippi
1844, the most prominent junior synonym of Hydroides, and the little-used Eucarphus
Morch, 1863, were both at times used as subgenera defined by verticil morphology. The
taxonomic history is reviewed in Bastida-Zavala and ten Hove (2002).

We recently realised that the gender agreement serpulid taxonomists had been
applying to adjectival Hydroides species-group names for the last 16 years was the opposite
of that required by the fourth edition of the Code (ICZN 1999, effective 1 January
2000), in that authors since that date had continued using or creating masculine instead
of feminine Latin forms. Additionally, taxonomists had not consistently observed the
different Code rule applicable prior to 1999, with one author producing new Hydroides
names seemingly of both genders in the same publication (Straughan 1967a). Therefore
we have compiled a checklist of Hydroides name spellings we believe are currently
correct, including also identifying the names not subject to gender agreement.

The derivation of Hydroides as an Annelida genus name is known. Stearn (1983:
266) explains that substantives derived from -oides were commonly used for new
genera before and during Linnzus’ era to indicate resemblance to a genus already
known, sometimes just as temporary names. The -oides suffix is originally adjectival,
transliterated from Greek oerdc. Gunnerus had at first used the cnidarian genus of
Hydra (named for the creature of Greek myth) as the genus name for his new tube-
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dwelling worm in 1766 correspondence with Linnaus, but shortly thereafter changed
it to Hydroides for his new species H. norvegica as published in 1768, “until Mr. v.
Linné makes its genus known” (Gunnerus 1768, Moen 20006). The link to hydrozoans
was spurious, but the genus name persisted. Usage of the same spelling applied to
true hydrozoans persists in Romance language works, where “hydroides” (hydroids)
can substitute for the formal higher group name, Hydrozoa. The pair of usages are
not homonyms in the strict Code sense, but there is some false positive reporting of
the Hydroides annelid genus in bioinformatics search results (e.g., from some of the
Hydrozoa works of Billard, such as Billard 1907).

Hydroides was feminine because Gunnerus clearly treated it as feminine when
he used the feminine ‘norvegica’ as epithet for the worm instead of the masculine
‘norvegicus’ (likewise the calcareous tube was separately named Serpula norvegica by
Gunnerus). However, in recent years Gunnerus’s original feminine gender assignment
for Hydroides became not obvious to most. This is exemplified by Moen (2006), who
in the summary of her historical paper on Gunnerus reports without qualification that
“in 1768 ]J. E. Gunnerus first described the species Hydroides norvegicus”. Although
Moen was well aware Gunnerus did not use that spelling she perhaps believed the
‘correct’ masculine ending (although incorrect since 2000) was always to be used,
regardless of what was originally written.

The Code in its first edition indicated that genus names ending in -oides were to be
treated as masculine (ICZN 1961: 33, Article 30(a)(ii) Examples), whereas in botany
they were treated as feminine (Stearn 1983: 265). By the time of the Code third
edition (ICZN 1985: 30, Article 30(b) Examples) the article text was the same, with
the examples text explaining that these masculine genus names were substantivated
adjectives, thus for Hydroides the adjectival descriptive of ‘hydra-like’ was functioning
as a noun. Mandatory gender agreement, although much debated, was retained in the
Code fourth edition, but changes were made in order “to simplify the identification of
gender in genus-group names” (ICZN 1999: XXVI).

Unexpectedly one of the qualifying clauses now included in the Code fourth
edition (ICZN 1999) had a major effect on Hydroides Gunnerus by reverting it to
feminine status after almost 40 years as the opposite gender. The wording of Article
30.1.4.4 in full is “A compound genus-group name ending in the suffix -izes, -oides,
-ides, -odes, or -istes is to be treated as masculine unless its author, when establishing the
name, stated that it had another gender or treated it as such by combining it with an
adjectival species-group name in another gender form.” Why the Code editorial group
thought the refinement was necessary is unknown, but presumably it was regarded as
better matching contemporary practice with the original 18-19* century usages.

Hydproides began as feminine in 1768, and feminine adjectival endings matching
this were usual for over 220 years but not universal (e.g., H. bifurcatus Pixell, 1913).
Hartman (1965: 79) had maintained original feminine endings in her supplementary
world catalogue, although not long later she had used the masculine for H. pacificus
Hartman (Hartman 1969). Masculine endings, which the Code had required from
the early 1960s onwards, otherwise only became common around 1992 (Moen 2006:
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121), although H. bifidus Imajima, 1982 and H. bisectus Imajima & ten Hove, 1989
were newly described somewhat earlier. Ben-Eliahu and ten Hove (1992: 37) correctly
pointed out that the Code third edition (ICZN 1985) had Hydroides as masculine
(actually in place since the first edition). Serpulid taxonomists then adopted the use of
masculine endings and continued with this right up to August 2015, unaware of the
change back to feminine required from 1 January 2000 when the new Code came into
effect. The fourth edition Code was incorrectly cited as continuing masculine endings in
ten Hove and Ben-Eliahu (2005: 128). In summary, for nearly 40 years species names
in Hydproides were required to have masculine endings according to the ICZN Code,
although largely ignored for about 30 years, and now for the last 16 years they were
required to have the feminine ending as begun by Gunnerus, also ignored. The conflict
was first reported in WoRMS by one of us (GBR) in July 2015, after a misinterpretation
of the Code requirement for Hydroides names was published in Tovar-Herndndez et al.
(2016, as first online July 2015, p.8). Gender-corrected names were subsequently used
in Sun et al. (2015), Kupriyanova et al. (2015), and Sun et al. (2016).

Code Article 31 (ICZN 1999) explains some of the requirements and exceptions
regarding species-group Latin name formation. In general, most species-group names
ending in the suffixes -us, -, -um are declinable and likely to be adjectives. There are
some exceptions applicable here such as -spina, which is a noun in apposition and
should not change with gender, and most other name endings will not change. The
only possible endings of changeable adjectives are -a, -us (these two make up over
60% of all names), -is, -um, -e, -er, -ior, whereas nouns can have all endings (Welter-
Schultes 2013). Personal names as species-group names are usually (exceptions)
formed as genitive-case nouns (ICZN 1999, Article 31.1). Nouns with Latin adjectival
suffixes can become adjectives, notably non-Latin place-names with the suffixes -eznsis
(masculine/feminine) or -emse (neuter), indicating of that place, or suffix “-anus -2,
indicating belonging to. However, nouns compounded with dictionary Latin adjectives
are treated as noun phrases in apposition (ICZN 1999, glossary).

Here we present an update of all non-synonymised names, and additional
information on Hydroides nomenclature, as derived in conjunction with the World
Register of Marine Species (WoRMS) Polychaeta database (Read and Fauchald 2016),
where further details are available. Certain species inquirenda (seven names which
are otherwise valid but require taxonomic clarification due to inadequate original
descriptions) are included and examined in the checklist for analytic purposes, while
noting (as explained by ICZN 1999, Article 23.9.6) that the inclusion of these names
should not later be considered as new usages.

We have taken this opportunity to investigate type localities of all the species, and
to geolocate them to modern standards if possible. Prior to satellite-based navigation
only vessel-based collections were likely to provide type-locality geolocations, and the
descriptions used to pinpoint coastal sites could be vague or problematic. For instance
Treadwell (1939: 164) gave an update that the “precise position” of his Mayagiiez Bay
station 6062 of 1902 could be relocated based on using a red buoy at the harbour
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entrance as a reference point, but we are doubtful of the 100 year longevity of this
buoy. We have been able to suggest placements for at least three species for which only
a vague location was previously available. Type localities are mapped to show the world
distribution.

Methods

The checklist is based on a review of original literature for all Hydroides species-group
names, and a review of about 250 Hydroides-related name records at WoRMS (Read
and ten Hove 2016). Under Code Article 34.2 (ICZN 1999), prior usages in literature
are not required—here we simply formulate and present correct spellings. Gender
agreement is mandatory, which means that non-agreeing scientific names strictly do not
exist as valid spellings, and can be updated without explanation (to the bewilderment
of many in the past, so we strongly advise annotation of new gender-spelling variants
to avoid uncertainty). It is also worth noting that, while gender-agreement variants
obviously are minor spelling changes, the Code is worded so that these different
spellings are not treated as separate usages under prevailing usage rules.

All original literature for Hydroides names was examined. Names as given are our
derivations of correct endings for gender agreement, and are followed as necessary
with the original binominal combination and comments on current status. The
etymology (author’s and/or interpreted dictionary entries) is given, followed by our
evaluation of the type of name (adjective, invariant noun in apposition, etc.) from
available information. The derivation of names is unambiguous when authors give
full etymologies, but this is rare for old names, and often sketchy for modern ones.
Derivations are frequently only evident by matching likely character states mentioned,
and occasionally there seems no obvious basis for the name chosen. The sources we
have used to study derivations include online dictionaries and meta Greek/Latin
language resources (Harper’s Etymonline; Logeion; Lexilogos), the Lewis and Short
(1891) Latin dictionary (print, also online), as well as analytical dictionaries on the
classical languages in science (Brown 1956; Stearn 1983). We have included the current
subjective synonyms at WoRMS (if any) of each name (and their type localities), but
have not included the other superseded recombinations, nor any misspellings of the
valid name (these are fully listed at WoRMS and links to the current and original
name records at WoRMS are in the Suppl. material 1 which also summarises the name
analysis).

The type locality names have been investigated and their geolocations are included,
usually derived by retrospective georeferencing. They are mapped to place the original
discoveries in a geographic context and to locate where topotype material could be
sought. Current place-names were geolocated using several web-based gazetteers (e.g.,
GeoNames, GEOLocate, Marineregions (WoRMS), Wikipedia). Disused historic
names were sought via general web searches and Wikipedia. Holotype georeference
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information in online collections databases and in subsequent publications was
evaluated if available (these data can be based on retrospective approximations,
rather than information supplied by authors on labels). Occasionally modern authors
have published geolocations that are obviously imprecise or displaced, and we have
pointed these out. The point-geolocations of the older taxa are our informed coastal
assignments (indicated as map estimates) if derived from place-names which are towns,
islands, or occasionally only known as strips of coast or other imprecise geographic
extents. Sometimes positioning was assisted by further information from or about
authors. A few times we were unable to narrow the collection site to any point and we
indicate when we have given a general geolocation instead. We are unable to calculate
the uncertainties (in extent) of our derived coordinates, and caution that each is
a precise point location of the possible site, the nearest logical coastal geolocation
at this time, as adjusted with satellite image overlay of terrain using the Wikipedia
GeoLocator mapping tool. A list of geolocations is in the Suppl. material 1.

Results

Checklist of Hydroides species original names

Family SERPULIDAE Rafinesque, 1815

Hydroides Gunnerus, 1768

Type species. Hydroides norvegica Gunnerus, 1768 (original binomen)

Includes Eupomatus Philippi, 1844, type species E. uncinatus Philippi, 1844 (by sub-
sequent designation), Eucarphus Morch, 1863 (as Hydroides (Eucarphus)), type species
uncertain (full synonymy in WoRMS)

Hydroides adamaformis Pillai, 2009 (original binomen)

Etymology: The author states the name for H. adamaformis is derived from Latin
adamas ‘diamond’ in reference to the diamond-shaped appearance of the verticil spines
“although their distal ends are curved inwards”. The suffix -formis ‘shaped’ is used to
form an adjective.

Evaluation: Masculine/feminine invariant adjective (formis, neuter forme) (Stearn
1983: 94).

Type locality: Lucas Island (south west corner), near Dampier Archipelago, Kimberley
region, Western Australia.

Geolocation: -15.2167°, 124.5167° (author, but is east of Lucas).

WoRMS: 555194

Synonyms: No subjective synonyms.
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Hydproides affinis (Marion, 1875) (originally as Eupomatus affinis)

Status: Name now disused and representing a species inquirenda possibly senior to
Hydroides helmata (Iroso, 1921).

Etymology: Not stated, but E. affinis is named from the Latin adjective affinis ‘related to’.
Evaluation: Masculine/feminine invariant adjective (affinis -¢) (Stearn 1983: 94).
Type locality: Golfe de Marseille, France, Mediterranean Sea. No further precision,
but likely to be coastal close to Marseille, possibly at or near Ile Ratonneau, which the
author mentions frequently (Marion and Bobretzky 1875). However, a stone pier off
Arenc, Marseille is also mentioned (as Hydroides uncinata habitat).

Geolocation: 43.2872°, 5.3143° (map estimate, Ile Ratonneau).

WoRMS: 383237

Synonyms: As species inquirenda has no synonyms although H. helmata has been suggested
(Zibrowius 1971: 713-714).

Hydroides alatalateralis (Jones, 1962) (originally as Eupomatus alatalateralis)
Etymology: The author states that E. alatalateralis is named for “limbations that are to
be found on the sides of the spines of the distal opercular circlet”, thus combining the
Latin adjectives a/ata ‘furnished with wings’ and lateralis ‘lateral’.

Evaluation: Masculine/feminine invariant adjective (lateralis -¢) (Stearn 1983: 94).
Type locality: Port Royal, Jamaica, Caribbean Sea.

Geolocation: 17.9369°, -76.8439° (map estimate).

WoRMS: 369228

Synonyms: No subjective synonyms.

Hydroides albiceps (Grube, 1870) (originally as Serpula (Eupomatus) albiceps)
Etymology: Not stated, but S. albiceps may be named for the operculum album men-
tioned by Grube (1870: 521) by combining the Latin adjective albus ‘white’ with -ceps
derived from Latin noun capus ‘head’.

Evaluation: Noun in apposition (cf. noun ‘quadriceps’), or if treated as adjectival -ceps
endings are invariant.

Type locality: “Tor’ (El Tor), Gulf of Suez, Red Sea.

Geolocation: 28.2365°, 33.6130° (map estimate).

WoRMS: 130997

Synonyms: Hydroides spiratubus Pillai, 2009 (Fenelon Island, Kimberley, Australia)
Serpula (Hydroides) multispinosa ternatensis Fischli, 1903 (Ternate, Indonesia)

Hydroides amri Sun, Wong, ten Hove, Hutchings, Williamson & Kupriyanova,
2015 (original binomen)

Etymology: The authors state the name for A. amri is in honour of the Australian
Museum Research Institute (AMRI).
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Evaluation: Invariant non-Latinized noun in apposition ‘amri from an acronym, pro-
nounced as a single word, not letter by letter as if an initialism (ICZN 1999, Article 11.3).
Type locality: Bass Point south, south of Wollongong, NSW, Australia.

Geolocation: -34.6033°, 150.8953° (authors).

WoRMS: 852781

Synonyms: No subjective synonyms.

Hydroides ancorispina Pillai, 1971 (original binomen)

Etymology: Not stated, but H. ancorispina may be named from Latin nouns ancora
‘anchor’, spina ‘thorn’, referring to the fact that both radii and verticil spines have
anchor shaped tips.

Evaluation: Invariant noun in apposition.

Type locality: Wellawate, Colombo, Sri Lanka.

Geolocation: 6.8746°, 79.8569° (map estimate).

WoRMS: 328434

Synonyms: No subjective synonyms.

Hydroides arnoldi Augener, 1918 (original binomen)

Etymology: Not stated, but H. arnoldi is evidently named after one of its collectors,
Arnold Schultze.

Evaluation: Invariant genitive noun arnoldi from modern personal name of Arnold.
Type locality: Reported as two worms from two collection sites, Lome, Togo and Isla
Annobén, Equatorial Guinea, both in Gulf of Guinea, West Africa. However, only
the Annobdn occurrence remains in H. arnoldi (see WoRMS for further explanation).
Geolocation: -1.4063°, 5.6373° (Annobdn, map estimate).

WoRMS: 338000

Synonyms: No subjective synonyms.

Hydroides augeneri Zibrowius, 1973 (original binomen)

Etymology: Not stated, but /. augeneri is evidently named after Hermann Augener.
Evaluation: Invariant genitive noun augeneri from modern personal name of Augener.
Type locality: “Malembe” in Zaire (now Democratic Republic of Congo), but a coastal
instance of the name could not be found, either in DR Congo or its neighbours. Zaire
(DR Congo) has a very narrow access to the coast, and a coastal georeference was
derived from “Vista”, the only other named collection site.

Geolocation: -5.8763°, 12.283° (map estimate for Vista).

WoRMS: 328435

Synonyms: No subjective synonyms.
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Hydroides azorica Zibrowius, 1972b (original binomen)

Etymology: Not stated, but evidently H. azorica is named after the Azores archipelago
where collected.

Evaluation: Latinized adjectival form azorica with correct feminine ending. H. ‘azoricus’
usages exist (e.g., Bellan 2001).

Type locality: On shipwreck “Doria” east of Ponta Delgada port, Ilha de Sao Miguel,
Acores (Azores).

Geolocation: 37.7410°, -25.6478° (map estimate).

WoRMS: 328436

Synonyms: No subjective synonyms.

Hydroides bandaensis Zibrowius, 1972a (original binomen)

Etymology: Not stated, but evidently H. bandaensis is named after the Banda Islands
where collected.

Evaluation: Masculine/feminine invariant “-ensis’ adjective created from non-Latin
geographic name Banda.

Type locality: Banda Islands (exact location unknown), Banda Sea, Indonesia.
Geolocation: -4.525°, 129.9089° (gazetteer, for Banda Islands).

WoRMS: 369229

Synonyms: No subjective synonyms.

Hydyroides bannerorum Bailey-Brock, 1991 (original binomen)

Etymology: The author named H. bannerorum after biologists Albert H. (Hank) and
Dora May (Dee) Banner.

Evaluation: Invariant plural genitive adjective bannerorum from Banner family name.
Type locality: Near Banners Point (Kalaeloa) sewage outfall, near Pearl Harbour,
Oahu, Hawaii, Pacific Ocean.

Geolocation: 21.2719°, -158.1213° (map estimate).

WoRMS: 328437

Synonyms: No subjective synonyms.

Hydroides basispinosa Straughan, 1967a (originally as H. basispinosus)

Status: The synonymy of H. basispinosa and H. gradata Straughan, 1967a with
H. operculata Treadwell, 1929 was re-confirmed by Sun et al. (2015: 63), but is
being re-examined, and we provisionally include the H. basispinosus original name
analysis separately.

Etymology: Not stated, but the compound name for H. basispinosus means ‘spiny-
pedestal’ as derived from Latin (originally Greek) feminine noun basis ‘pedestal’ and
adjective spinosus -a -um ‘spiny’. Basal internal spinules on opercular spines are men-
tioned (not figured).
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Evaluation: Gender-variable adjective (in practice). Elsewhere in the article Straughan
used feminine adjectival new species names, and in relation to the basal spinules
Straughan probably intended another adjectival compound name. Her error in gender
ending can be corrected to “-spinosa’. However, she used the feminine Latin noun ‘basis’
(pedestal), not the adjectival ‘basalis (basal) which would have become ‘basalispinosa’.
If a noun phrase with a feminine noun then ‘basispinosus’ was incorrect Latin (it should
also have been ‘basispinosa’), and the original spelling must be maintained (ICZN
1999, Article 31.2.1). While this can be noted, Straughan is not the only author to
adopt ‘basis’ as if adjectival, and it seems best not to apply the strictest interpretation
here. Usage as ‘basispinosa’ already exists (e.g., Sun et al. 2015: 63).

Type locality: Mouth of Ross River, Townsville, Queensland, Australia.

Geolocation: -19.2569°, 146.8494° (map estimate).

WoRMS: 881640

Synonyms: See H. operculata comments.

Hydroides bifurcata Pixell, 1913 (originally as H. bifurcatus)

Etymology: Not stated, but the name for H. bifurcata is adjectival from Latin furcatus
‘forked’, likely referring to the bifid verticil spines.

Evaluation: Gender-variable adjective. The original incorrect masculine ending as
H. bifurcatus, repeated in Day (1951: 64), was silently corrected to ‘bifurcata’ in Day
(1967: 808).

Type locality: Minicoy/Maliku (as Minikoi), south Lakshadweep archipelago, north of
the Maldive Islands.

Geolocation: 8.2854°, 73.0673° (map estimate).

WoRMS: 873900

Synonyms: No subjective synonyms.

Hydroides bisecta Imajima & ten Hove, 1989 (originally as H. bisectus)
Etymology: Not stated, but H. bisecta is likely named based on bisectus ‘bisected’, a
New Latin past participle used as an adjective, derived from Latin bis ‘two’, secare ‘to
cut’, and referring to the bifid tips of verticil spines.

Evaluation: Gender-variable adjective, corrected herein to ‘bisecta’.

Type locality: off Sesoko Marine Station, Sesoko Island, Okinawa Islands, Japan.
Geolocation: 26.6365°, 127.8661° (map estimate).

WoRMS: 880526

Synonyms: No subjective synonyms.

Hydroides bispinosa Bush, 1910 (original binomen)

Etymology: Not stated, but the name for H. bispinosa is likely referring to the pair of
lateral spinules on the verticil spines described by Bush, based on Latin 4is ‘two’ with
adjective spinosus ‘spined’. Bush compared H. bispinosa with H. multispinosa.
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Evaluation: Gender-variable adjective with correct original feminine ending. Usage as
‘bispinosus’ exists (e.g., Bastida-Zavala and ten Hove 2002: 125).

Type locality: Bermuda. The Yale Peabody Museum type (syntype? YPM IZ 001367.AN)
from the Verrill Bermuda Expedition in 1898, evidently has no further location data, but
Castle Harbour is a collection site mentioned by Bush (1910).

Geolocation: Imprecisely known (possible place of origin, Castle Harbour, 32.3472°,
-64.6872°, Bermuda).

WoRMS: 421083

Synonyms: No subjective synonyms.

Hydroides brachyacantha Rioja, 1941a (original binomen)

Etymology: Not stated, and the description of H. brachyacantha does not indicate
why the name derives from Greek Bpoyv (brachy) ‘short’, axavbo (akantha) ‘spine’,
feminine noun, thus short-spine. In New Latin acantha has frequently been used
as part of feminine compound names in both genera and species-group names. An
identical spelling might be expected to be a noun form in both, but species-group
names ending as -acantha -acanthus have regularly been treated as Latinized Greek
adjectives, and that may have been the intention of the author.

Evaluation: Gender-variable adjective with correct feminine ending. Usages as ‘brachy-
acanthus exist (e.g., Bastida-Zavala and ten Hove 2003: 73).

Type locality: Marina Mazatldn, Mazatldn, Sinaloa, Gulf of California, Mexico.
Geolocation: 23.2797°, -106.4611° (original author, with neotype of Sun et al. (2016:
49) from the same geolocation).

WoRMS: 328441

Synonyms: No subjective synonyms.

Hydroides bulbosa ten Hove, 1990 (originally as H. bulbosus)

Etymology: Not stated, but H. bulbosa is evidently named for the bulbous (Latin
bulbosus -a -um) dorsal verticil spine.

Evaluation: Gender-variable adjective, corrected herein to ‘bulbosa’.

Type locality: Khor Ghubb ’Ali, Musandam Peninsula, Oman, Strait of Hormuz, in a
sheltered bay at 18 m.

Geolocation: 26.2633°, 56.3572° (map estimate).

WoRMS: 882354

Synonyms: No subjective synonyms.

Hydroides calopoma Zibrowius, 1973 (original binomen)

Etymology: Not stated, but the name for H. calopoma is a compound noun which may
be referring to the operculum, from Greek xohog (kalos) ‘beautiful’, nwpo (poma) ‘lid’.
Evaluation: Invariant noun in apposition (indeclinable because ending in a transliter-

ated Greek word).
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Type locality: Isla Tortuga, off Isla Annobén, Equatorial Guinea, Gulf of Guinea.
Geolocation: -1.4055°, 5.6562° (map estimate).
WoRMS: 369230

Synonyms: No subjective synonyms.

Hydroides capensis Zibrowius, 1972b (original binomen)

Etymology: Not stated, but H. capensis is evidently named after the Cape Provinces of
South Africa.

Evaluation: Masculine/feminine invariant “-ensis’ adjective created from non-Latin
geographic name.

Type locality: Offshore from Lambert’s Bay, north of Cape Town, western coast of
South Africa.

Geolocation: -32.0833°, 17.9333° (author).

WoRMS: 338003

Synonyms: No subjective synonyms.

Hydroides chilensis Hartmann-Schréder, 1962 (original binomen)

Etymology: Not stated, but /. chilensis is evidently named after the country of collection.
Evaluation: Masculine/feminine invariant “-ensis’ adjective created from non-Latin
geographic name.

Type locality: Arica (coastal port city), Chile.

Geolocation: -18.4815°, -70.3333° (map estimate).

WoRMS: 328444

Synonyms: No subjective synonyms.

Hydroides crucigera Morch, 1863 (originally as Hydroides (Eucarphus) crucigera)
Etymology: Not stated, but the name for H. crucigera is likely referring to the verticil
spines, which are cross-bearing, from feminine Latin noun crux, crucis ‘cross’, with
Latin suffix ger, gera ‘to bear’.

Evaluation: Gender-variable adjective with correct original feminine ending. Usages
as incorrect suffix ‘crucigerus and as masculine ‘cruciger’ exist (e.g., de Leén Gonzdlez
1990: 336, Bastida-Zavala and ten Hove 2003: 78). Names ending in -ger may be
nouns or masculine adjectives (ICZN 1999, Article 31.2.2). The usage of Mérch was
adjectival as he used feminine -gera.

Type locality: Puntarenas, Gulf of Nicoya, Costa Rica Pacific coast (Morch, 1863 as
“oceano pacifico, juxta Puntarenas”).

Geolocation: 9.9739°, -84.8330° (map estimate).

WoRMS: 333637

Synonyms: Hydroides californicus [sic] Treadwell, 1929 (“Lower California” (Baja
California) Mexico)
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Hydyroides dafnii (Amoureux, Rullier & Fishelson, 1978) (originally as Eupomatus
dafnii)

Etymology: Not stated, but Eupomatus dafnii as “trouvé par Mr. Dafni” is evidently
named after the collector, Yaacob Dafni (Amoureux et al. 1978: 60, 148).
Evaluation: Invariant genitive form dafnii of the modern personal name Dafni.

Type locality: Eilat, Gulf of Aqaba (of Eilat), Israel, Red Sea, on reef coral. The site is
mapped by the authors, but not georeferenced.

Geolocation: 29.5266°, 34.9377° (map estimate).

WoRMS: 369231

Synonyms: No subjective synonyms.

Hydroides deleoni Bastida-Zavala & ten Hove, 2003 (original binomen)
Etymology: The authors state H. deleoni is named after Jests A. de Leén-Gonzilez.
Evaluation: Invariant genitive form deleoni constructed from the personal name
de Leon.

Type locality: Punta San Juanico, Western coast of Baja California Sur, Mexico.
Authors’ georeference (26°13'N, 112°13'W, inland, -26 km off target) is herein
corrected to 26°15'9"N, 112°28'33"W).

Geolocation: 26.2524°, -112.4757° (San Juanico, map estimate).

WoRMS: 328445

Synonyms: No subjective synonyms.

Hydroides dianthus (Verrill, 1873) (originally as Serpula dianthus)

Etymology: Verrill (1873: 28) states for S. dianthus that the name alludes to the resem-
blance to Dianthus flowers as the colours of its branchiae “recalls the varied hues and
forms of different kinds of pinks, (Dianthus.)”. The botanical generic name Dianthus
(flower of Zeus) is New Latin (Linnaus and earlier) from Greek Anoo (Dios), genitive
of Zeus, and av0og (anthos) ‘flower’. As Serpula is feminine and dianthus is masculine
it seems Verrill intended the name as a noun (Actinia dianthus Ellis, 1768 is an earlier
similar pairing).

Evaluation: Invariant noun in apposition.

Type locality: Great Egg Harbor to New Haven and Cape Cod, Atlantic coast USA.
Geolocation: Unknown (New Haven, 41.2520°, -72.9086°, as a central possible place
of origin on Atlantic coast USA).

WoRMS: 131000

Synonyms: Possibly Hydroides hexagonus sensu Pratt, 1916 and others [7on Bosc, 1802]
Serpula dianthus citrina Verrill, 1873 (for Verrill’s colour variant specimens)
Hydroides (Eupomatus) dianthoides Augener, 1922 [partim, fide Bastida-Zavala and ten
Hove 2002: 143) (Haiti, Caribbean Sea)
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Hydpyroides diplochone (Grube, 1878a) (originally as Serpula (Hydroides) diplochone)
Status: Name now disused and representing a species inquirenda. A single subsequent
valid usage of the name was later identified as an occurrence of Hydroides ezoensis (a
junior name), but it is uncertain that Grube’s original serpulid (type missing) was the
same (fide Zibrowius 1978: 144; Sun et al. 2015: 37).

Etymology: Not stated, but the name for Serpula diplochone derives from Greek
Latinized as diplos ‘two-fold” and feminine Greek noun yodvn (choani) ‘funnel’, thus
double funnel, evidently in reference to the two-tier operculum that Grube describes
(a generic character). There are no other names based on chone in Serpulidae, but it is
part of several generic names in Sabellidae.

Evaluation: Invariant noun in apposition.

Type locality: Askold Island, outer Peter the Great Gulf, North Japan Sea. We infer
this to be the type locality. Grube does not present location information beyond that
the material was from “nordjapanischen Meeres”, but it is also mentioned that the
collector was the Siberian-based Polish naturalist Dybowski, whose travels in the region
are documented. In 1874 Benedykt Dybowski collected fauna at Askold Island, near
Vladivostok, Primorsky Krai (fide Zoological Museum, University of Lliv [no date]).
Geolocation: 42.7333°, 132.3333° (map estimate, Askold Island).

WoRMS: 333639

Synonyms: As species inquirenda has no synonyms, although H. ezoensis has been suggested.

Hydroides dipoma (Schmarda, 1861) (originally as Eupomatus dipoma)
Etymology: Not stated, but in the description for Eupomatus dipoma Schmarda (1861:
29) describes in Latin “Operculum duplex infundibuliforme” (double funnel lid) and
in German “Das Thier hat zwei Deckel” (has two lids), evidently referring to the two
opercula figured in his plate, and based on Greek 8¢ (dis) ‘twice’, and nwpor (poma)
‘cap’ (see ten Hove and Ben-Eliahu (2005) for an analysis of records of bi-operculate
specimens in Hydroides).

Evaluation: Invariant compound noun in apposition (indeclinable because ending in
a transliterated Greek word).

Type locality: Cape of Good Hope, South Africa (“Vorgebirge der Guten Hoffnung”).
Geolocation: -34.3583°, 18.4725° (Cape of Good Hope (gazetteer), although
Schmarda more likely was indicating a general coastal area).

WoRMS: 369232

Synonyms: Eupomatus spinosus Pixell, 1913 (Gulf of Suez)

Hydroides uncinatus macronyx Ehlers, 1913 (Simonstown, False Bay, South Africa)

Hydroides dirampha Mérch, 1863 (originally as H. (Eucarphus) dirampha)

Etymology: Not stated, but for H. dirampha Morch describes “utringue inflexione ob-
soleta, unde lateraliter adunco-rostrato” (rudimentary bend both sides, hence laterally-
curved beak), with the Latinization dirampha evidently referring to the twin sharp lat-
eral points of the blunt tip of the verticil spines, ultimately from Greek 8¢ (dis) ‘twice’,



feminine Hydroides 15

and popgoc (rampos) ‘beak’, the latter modified through New Latin masculine noun
forms rhamphus and the lesser-used ramphus (both with a number of usages as part of
compound genus names) to rampha, a usage seemingly unique to Mérch.

Evaluation: Treated here as an invariant noun in apposition, because an incorrect Lati-
nization. While Morch consistently modified his Hydroides names as feminine, and
the name seems intended as feminine adjectival rather than a noun, it looks like a mis-
spelled Latinization which should be left unaltered. Usages in Hydroides as ‘diramphus
exist (e.g., Bastida-Zavala and ten Hove 2002: 161).

Type locality: Saint (St.) Thomas Island, United States Virgin Islands, Lesser Antilles
(“in portu urbis St. Thomae Antillarum”), most likely the Saint Thomas port town of
Charlotte Amalie.

Geolocation: Imprecisely known (near to 18.34°, -64.92° if harbour at Charlotte Amalie,
St Thomas Island).

WoRMS: 131001

Synonyms: Eucarphus serratus Bush, 1910 (Bermuda, western Atlantic)

Eupomatus lunulifer Claparéde, 1870a (Gulf of Naples, Italy, Tyrrhenian Sea)
Hydroides (Eucarphus) benzoni Morch, 1863 (Bahia coast, Brazil)

Hydroides (Eucarphus) cumingii Morch, 1863 (Philippines unspecified)

Hydroides (Eucarphus) cumingii navalis Morch, 1863 (New Zealand unspecified)
Hydroides malleophorus [sic] Rioja, 1942 (Mazatdn, Gulf of California, Mexico Pacific coast)

Hydroides dolabrus Tovar-Herndndez, Villalobos-Guerrero, Kupriyanova &
Sun, 2016 (original binomen)

Etymology: The authors state for H. dolabrus that “dolabrus is from the Latin dolabra,
a sort of pickaxe that resembles the shape of the verticil spines”.

Evaluation: Invariant noun in apposition. The Latin dolabra is a feminine noun, and
cannot become a masculinised adjective as ‘dolabrus’ to match a masculine Hydroides.
This is not a word as listed in classical Latin dictionaries, and should be considered as
an invariant combination of letters. A suitable adjectival equivalent would have been
dolabratus -ara.

Type locality: Mazatlan Marina, Mazatlan, Gulf of California, Mexico Pacific coast.
Geolocation: 23.2798°, -106.4611° (authors).

WoRMS: 851651

Synonyms: No subjective synonyms.

Hydroides elegans (Haswell, 1883) (originally as Eupomatus elegans)

Status: The much-used name H. elegans is nomen protectum with respect to nomen
oblitum H. abbreviata Kroyer [in] Morch, 1863 (Bastida-Zavala and ten Hove, 2002).
Etymology: Not stated, but the Eupomatus elegans name is likely derived from the
Latin adjective elegans -antis (genitive) ‘elegant’.

Evaluation: Invariant adjective (masculine/feminine/neuter ‘-ans’).

Type locality: Port Jackson, NSW, Australia (not further specified).
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Geolocation: -33.8456°, 151.2622° (gazetteer).

WoRMS: 131002

Synonyms: Hydroides abbreviata Kroyer [in] Morch, 1863 [nomen oblitum] (Saint
Croix island, Virgin Islands, Caribbean Sea)

Hydroides incrustans Monro, 1938 (Shoreham Harbour Canal, Sussex, England)
Hydyoides pacificus Hartman, 1969 (Velero station 1452-42, Ship hull & pier, Long
Beach, California)

Hydpyoides spinalateralis Straughan, 1967a (Shoal Point, Mackay, Queensland, Australia)

Hydroides elegantula (Bush, 1910) (originally as Eupomatus elegantulus)
Etymology: Not stated, but the E. elegantulus name is likely derived from Latin
adjective elegans -antis ‘elegant’, combined with the Latin sufhix -#/us, a male diminutive
adjectival form.

Evaluation: Gender-variable adjective, corrected in Hydroides to feminine ‘elegantula’
by Zibrowius (1971: 695).

Type locality: Bermuda. The Yale Peabody Museum holotype YPM 1Z 001323.AN
from the Verrill Bermuda Expedition in 1898, evidently has no further location data,
but Castle Harbour is a collection site mentioned by Bush (1910).

Geolocation: Imprecisely known (possible place of origin, Castle Harbour, 32.3472°,
-64.6872°, Bermuda).

WoRMS: 873929

Synonyms: No subjective synonyms.

Hydroides euplaeana (Delle Chiaje, 1828) (originally as Sabella euplaeana)
Status: Name now disused and representing a species inquirenda that has been
compared to H. pseudouncinata Zibrowius, 1968. It is not a candidate nomen oblitum
(used as valid by Zibrowius, 1972¢: 116-117). If suppression is desirable prevailing
usage of H. pseudouncinata would be maintained (ICZN 1999, Recommendation
23A).

Etymology: Not stated, but Sabella euplaeana was evidently named after the Latin
name for Caiola Island, Naples, where Delle Chiaje states it was collected. Caiola is
modern day Gaiola, in Roman times known as Euplaea. The name as combined with
feminine adjectival suffix -a7a indicates from Euplaea.

Evaluation: Gender-variable geographical Latin adjective (-anus, -ana) from place-
name, with correct original feminine ending,.

Type locality: Caiola (Gaiola/Euplaea) Island, Naples, Italy, Tyrrhenian Sea,
Mediterranean.

Geolocation: 40.7917°, 14.1869° (map estimate).

WoRMS: 381073

Synonyms: As species inquirenda has no synonyms, although H. pseudouncinata has
been suggested.
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Hydroides exaltata (Marenzeller, 1885) (originally as Fupomatus exaltatus)
Etymology: Not stated, but Marenzeller (1885: 217) described the character of the opercular
verticil spines for E. exaltatus as being elevated on a central column (“einer centralen
Siule”). The Latin exaltatus ‘(up) lifted” species-group name is perhaps in reference to this.
Evaluation: Gender-variable adjective, corrected to feminine ‘exaltata’ as recombined
(e.g., Imajima 1976b: 232). Usages in Hydroides as ‘exaltatus’ exist (e.g., Dew 1959: 27).
Type locality: East coast of Enoshima Island (“Ostkiiste der Insel Eno-sima”), Sagami
Bay, Honshu, Japan. There is an Enoshima-retto Island, also off Honshu, but the
Sagami Bay Enoshima Island (only ~0.5 km long) is the most likely visited.
Geolocation: 35.3008°, 139.4839° (map estimate).

WoRMS: 873938

Synonyms: No subjective synonyms.

Hydroides exaltata vesiculosa Fauvel, 1919 (originally as H. exaltatus var. vesiculosus)
Status: Name now disused and representing a species inquirenda. Similarities of the original
description to Hydroides albiceps have been noted, but the name is yet to be synonymised.
Etymology: Not stated, but H. exaltata vesiculosa was evidently named for its vesicular
dorsal verticil spine.

Evaluation: Gender-variable adjective with incorrect original ending, corrected to fem-
inine (e.g., Monro 1937: 316).

Type locality: Gatavaké (Baie de Gatavaké), Mangareva Island, Mangareva/Gambier
Islands, French Polynesia, South Pacific.

Geolocation: -23.1188°, -134.9798° (map estimate).

WoRMS: 875068

Synonyms: As species inquirenda has no synonyms.

Hydroides externispina Straughan, 1967b (original binomen)

Etymology: Not stated, but for H. externispina it is likely the Latin spina ‘thorn’ refers
to the external (curved outwards) spines of the verticil.

Evaluation: Invariant noun in apposition.

Type locality: Heron Island, Queensland, Australia, collected close to the marine station
by Dew (map in Straughan 1967b).

Geolocation: -23.4430°, 151.9110° (map estimate).

WoRMS: 328446

Synonyms: No subjective synonyms.

Hydroides ezoensis Okuda, 1934 (original binomen)

Etymology: Not stated, but H. ezoensis is evidently named after its area of collection,
as Ezo (also as Yezo) is a former name for the island of Hokkaido, Japan. The species-
group name ‘ezoensis’ has often been used for Japanese taxa, along with ‘yezoensis .
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Evaluation: Masculine/feminine invariant “-ensis’ adjective created from non-Latin
geographic name.

Type locality: Not fixed by author. Original records are from “Akkeshi, Muroran, and
Oshoro”, which are widely separated places around the coast of Hokkaido Island, with
the first two having marine stations.

Geolocation: Imprecisely known (possibly as 43.0209°, 144.8368° for Akkeshi Marine
Station).

WoRMS: 131003

Synonyms: See comments for H. diplochone.

Hydroides floridana (Bush, 1910) (originally Eupomatus floridanus, new name
for Eupomatus uncinatus non Philippi sensu Ehlers, 1887)

Etymology: Not stated, but E. floridanus is evidently named after its purported region
of collection. ‘Florida’ is Spanish for flowery land and is here combined with the Latin
adjectival suffix -anus -a -um, indicating from Florida.

Evaluation: Gender-variable adjective based on a non-Latin geographic name, cor-
rected to feminine herein. Usages in Hydroides as ‘floridanus exist (e.g., Bastida-Zavala
and ten Hove 2002: 118) but not previously as ‘floridana .

Type locality: Unknown, not certain to be off namesake Florida. When Ehlers (1887:
286) described the Polychaeta collected from voyages of Coast Survey Steamer “Blake”
he wrote in his native German but recorded the two locations for the Eupomatus
specimens literally in English as “inside fishing ground Cape Rear” and also “off
W. down Cape Dear Rio” (both at 7 fathoms). However, these place-names seem
to be misreadings as they could not be found in the Caribbean or Florida, nor do
the “Blake” voyage reports include the names. The similarity of names suggests the
location is possibly off Cape Fear, North Carolina, with its associated Cape Fear (Rio)
River, disregarding that Ehlers’ monograph title appears to exclude Atlantic coast
voyages the “Blake” also made. As the types are believed lost the original label cannot
be checked. No specimens are currently listed in the Yale Peabody Museum online
catalogue although Bush (1910: 498) earlier saw a mass of several hundred tubes,
indicating an aggregation.

Geolocation: Unknown (if off Cape Fear, North Carolina then that place-name is at
(gazetteer) 33.84°, -77.96°).

WoRMS: 369234

Synonyms: Eupomatus decorus Treadwell, 1931 (Grand Isle, Louisiana, Gulf of Mexico)
Hydroides rostrata Iroso, 1921 [junior objective synonym (same specimen)]

Hydproides furcifera (Grube, 1878b) (originally as Serpula furcifera)
Etymology: Not stated but Grube described for S. furcifera forked spines in the oper-
cular funnel as well as the verticil, thus Latin furca ‘fork’, combined with adjectival
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sufhix -fer -a -um ‘bear’. Lewis and Short (1891: 795) include fircifera as a feminine
noun meaning phallus, but it is unlikely this was Grube’s intention. A more common
adjectival form would be furcillata ‘forked’.

Evaluation: Gender-variable adjective with correct original feminine ending. Names
ending in -fer may be nouns or masculine adjectives (ICZN 1999, Article 31.2.2
example). The usage of Grube was adjectival as he used feminine -fera. A listing-only
usage in Hydroides as ‘furcifer exists (ten Hove and Kupriyanova 2009: 53).

Type locality: “Ubay, Pandanon”, Philippines. Ubay (10.0606°, 124.4707°) is a small
port on Bohol Island, and Pandanon Island (10.1779°, 124.0839°) is a small reef
~45 km to the west of Ubay.

Geolocation: 10.0606°, 124.4707° (map estimate, Ubay).

WoRMS: 369235

Synonyms: Hydroides bifidus [sic] Imajima, 1982 (off Arumonogui, Palau Islands,
Micronesia)

Hydproides fusca Imajima, 1976a (original binomen)

Etymology: Not stated, but the species-group name for H. fusca from Latin fuscus
‘dark’ is evidently in reference to the “glossy black” verticil spines.

Evaluation: Gender-variable adjective with correct original feminine ending. A listing-
only usage in Hydroides as ‘fuscus exists (ten Hove and Kupriyanova 2009: 53).

Type locality: Offshore east off northern tip of Tanegashima (island), Southern Japan,
80 m.

Geolocation: 30.8225°, 131.1335° (map estimate from author’s map).

WoRMS: 369236

Synonyms: No subjective synonyms.

Hydyroides fusicola Morch, 1863 (as H. (Eupomatus) fusicola)

Etymology: Not stated, but H. fusicola is evidently named after the gastropod genus
Fusus (now Fusinus) combined with -cola ‘dweller’, as it was found attached to a
‘Fuso’ sp.

Evaluation: Invariant compound noun in apposition with -colz as a substantival suf-
fix. The Code has a stipulation (ICZN 1999, Article 30.1.4.2) that genera with -cola
endings be treated as masculine compound nouns (or mostly so treated, similar to the
-oidles situation). It has no advice for species-group names with -cola suffixes, but they
are recommended to be treated similarly (David and Gosselin 2002: 34), not declined
to agree with the first noun or the genus.

Type locality: Japan (not further specified). Mérch only knew the specimen was from
the collection of Wessel in Hamburg,.

Geolocation: Unknown (gazetteer Japan central point as 37°, 138°).

WoRMS: 369237
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Synonyms: Hydroides okudai Pillai, 1972 [nom. n. for “H. uncinata (sensu Okuda et
Uschakov)”] (location not fixed by author, but the Okuda (1937: 63) usage was for

Ishihama, Japan, a name for at least four possible Honshu coastal locations)

Hydroides gairacensis Augener, 1934 (originally as H. (Eupomatus) gairacensis)
Status: Candidate nomen protectum against senior name Hydroides (Eupomatus) dunkeri
Mérch, 1863 (fide Bastida-Zavala and ten Hove, 2002: 132). Prevailing usage main-
tained pending proof of sufficient usage of H. gairacensis, but H. dunkeri is a nomen
oblitum, not used as a valid name after 1899 (listings are excluded as usages under
ICZN 1999, Article 23.9.6).

Etymology: Not stated, but H. gairacensis is evidently named after its place of collec-
tion, Gairaca.

Evaluation: Masculine/feminine invariant “-ensis’ adjective created from a non-Latin
place-name.

Type locality: Gairaca, near Santa Marta, Caribbean Sea coast of Colombia.
Geolocation: 11.3184°, -74.1084° (map estimate).

WoRMS: 369238

Synonyms: Hydroides (Eupomatus) dunkeri Morch, 1863 [nomen oblitum] (La Guayra,
Panama, Caribbean Sea)

Hydyroides glandifera Rioja, 1941a (originally as H. glandiferum)

Status: Type taxon by monotypy of Olgaharmania Rioja 1941b, a synonym of Hydroides.

Etymology: Not stated, but as Rioja (1941a: 174) writes of “una robusta protuberancia
. .en forma de glande” for H. glandifera, it is likely to be a functional name for

the bulbous dorsal verticil spine from Latin glans ‘acorn’ combined with adjectival

suffix -fer -a -um ‘bear’. It is unclear why Rioja (incorrectly) used the neuter form

‘glandiferum’ at first, but he later (Rioja 1941b: 733) modified the spelling for his

feminine Olgaharmania glandifera combination.

Evaluation: Gender-variable adjective with corrected feminine ending. Usages in Hydroides

as ‘glandifer and ‘glandiferum’ exist (e.g., Bastida-Zavala and ten Hove 2003: 89).

Type locality: Caleta (Playa Caleta), Acapulco, Mexico.

Geolocation: 16.8313° -99.9031° (map estimate).

WoRMS: 338016

Synonyms: No subjective synonyms.

Hydroides glasbyi Sun, Wong, ten Hove, Hutchings, Williamson & Kupriyanova,
2015 (original binomen)

Etymology: The authors dedicated H. glasbyi to Christopher ]. Glasby.

Evaluation: Invariant genitive form glasbyi of the personal name Glasby.

Type locality: Fort Hill Wharf, Darwin, Northern Territory, Australia.
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Geolocation: -12.4714°, 130.8467° (authors, 12°28'17"S, 130°50'48"E).
WoRMS: 852813
Synonyms: No subjective synonyms.

Hydyroides gracilis (Bush, 1905) (originally as Eupomatus gracilis)

Etymology: Not stated, but the Latin gracilis ‘slender’ name for H. gracilis is likely
referring to the simple verticil spines.

Evaluation: Invariant adjective (masculine/feminine ‘gracilis’).

Type locality: Pacific Grove, California, Pacific coast USA.

Geolocation: 36.6236°, -121.9119° (map estimate).

WoRMS: 333640

Synonyms: Eupomatus intereans Chamberlin, 1919 (Laguna Beach, California coast)

Hydroides gradata Straughan, 1967a (original binomen)

Status: The synonymy of H. basispinosa and H. gradata Straughan, 1967awith H. operculata
Treadwell, 1929 was followed by Sun et al. (2015: 63), but is being re-examined, and we
provisionally include the H. gradata record separately.

Etymology: Not stated, but for H. gradata the Latin gradata ‘gradual’ is evidently
describing the gradual size change of the ring of opercular spines.

Evaluation: Gender-variable adjective with correct original feminine ending.

Type locality: Pretty Beach, 40 km north of Cairns, Queensland, Australia
Geolocation: -16.6111°, 145.5318° (map estimate).

WoRMS: 384604

Synonyms: See H. operculata comments.

Hydyroides helmata (Iroso, 1921) (originally as Eupomatus helmatus)

Status: Zibrowius (1971: 713-714) synonymised an older name, Eupomatus affinis
Marion, 1875, under H. helmata. This is not possible on priority, nor does H. affinis
qualify as a nomen oblitum as it was used as valid (Zibrowius 1968: 115) post 1899. We
include both names (see entry for H. affinis as species inquirenda).

Etymology: Not stated, but E. helmatus is likely named after the larger helmet-like
dorsal verticil spine as Iroso (1921: 54) describes “che ricade sugli altri ad elmo” (which
falls on others [spines] helmet-like). Helm and helmet are not from Latin, though the
author’s construction appears to be intended as adjectival, with adjectival suffix -azus
added to mean helm-like.

Evaluation: Gender-variable adjective corrected to feminine in Hydroides in Zibrowius
(1971: 713).

Type locality: Unspecified Gulf of Naples (Golfo di Napoli), Italy.

Geolocation: Imprecisely known (a Golfo di Napoli mid-point (gazetteer) is 40.8°, 14.2°).
WoRMS: 131004

Synonyms: No subjective synonyms, but has been linked to H. affinis (see above).
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Hydpyroides heterocera (Grube, 1868) (originally as Serpula (Eupomatus) heterocerus)
Etymology: Not stated but the name for S. heterocerus is likely describing the dimor-
phism in verticil spines, from Greek hetepoo (beteros) ‘different’ and xepoc (keras)
‘horn’. The Latinized heterocerus is an adjectival form to be declined.

Evaluation: Gender-variable adjective corrected to feminine in Zibrowius (1971: 715).
Grube (1868: 639) originally incorrectly created a masculine ‘hezerocerus’ in agreeing
with the masculine subgenus Eupomatus rather than the feminine genus Serpula. Us-
ages exist in Hydroides as ‘heterocerus’ (e.g., Ben Eliahu and ten Hove 2011: 26), and as
the misspelling ‘heteroceros’ (e.g., Day 1967: 807).

Type locality: Unspecified Red Sea. Grube’s report title refers to Red Sea worms col-
lected by Georg Ritter von Frauenfeld. Grube states in his opening sentence that the
worms were handed to him without any other information, and it seems he did not
investigate this further. In the narrative of his visit von Frauenfeld (1855) mentions
Suez, the Sinai Peninsula, and seeing countless annelids on the Red Sea shore, but he
does not match observation to locality.

Geolocation: Imprecisely known, but perhaps northern Red Sea (a gazetteer Red Sea
mid-point is 20.3°, 38.6°).

WoRMS: 851900

Synonyms: No subjective synonyms. However, the misidentification Serpula (Hydroides)
uncinata non Philippi, sensu Gravier, 1906, has been assigned to H. heterocera (e.g.,

Pixell 1913: 75).

Hydroides heterofurcata Pillai, 1971 (original binomen)

Etymology: Not stated, but evidently H. heterofurcata is named because there are two
types of furcate verticil spines of the operculum (Pillai 1971: 114).

Evaluation: Gender-variable adjective with correct original feminine ending. Usages as
‘heterofurcatus exist (e.g., ten Hove and Kupriyanova 2009: 53).

Type locality: near Talaimannar Pier, Sri Lanka, 4 m depth.

Geolocation: 9.1079°, 79.7292° (map estimate from author map).

WoRMS: 328449

Synonyms: No subjective synonyms.

Hydroides hexagona (Bosc, 1802) (originally Serpula hexagona)

Status: A name disused by taxonomists and representing a species inquirenda. The origi-
nal description and figure are rudimentary and the species Bosc saw will remain inde-
terminable unless original specimens are found (unlikely). However, the name cannot
be a nomen oblitum as it was revived as H. hexagonus [sic] in three widely used manuals
on invertebrates of the United States eastern coast (Pratt 1916, Grave 1937, Costello et
al. 1957). These instances should be considered misidentifications, and might be refer-
able either to the junior name H. dianthus (fide Zibrowius 1971: 697, Bastida-Zavala
and ten Hove 2002: 108), or to other similar species. Nevertheless, there are multiple
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modern citations of the research on Hydroides sperm (e.g., Colwin and Colwin 1961)
in which the name appeared.

Etymology: Bosc described the tube of Serpula hexagona as “montrant la moitié d’un
prisme hexagone ...”, and the name is a New Latin adjectival form for six-sided, modi-
fied from Greek. Bosc’s figure shows two ridges so the tube cross-section would be
trapezoidal, not literally hexagonal as named, but half (la moitié) of that.

Evaluation: Gender-variable adjective with correct feminine ending herein. Usages in
Hydproides as ‘hexagonus and ‘hexagonis’ exist (e.g., Pratt 1916: 302, Grave and Oliphant
1930: 234) but not previously as ‘hexagona’.

Type locality: Charleston Harbour, Charleston, South Carolina, Atlantic coast USA.
Geolocation: 32.8186°, -79.9279° (gazetteer).

WoRMS: 384606

Synonyms: As species inquirenda has no synonyms.

Hydroides homoceros Pixell, 1913 (original binomen)

Etymology: Not stated, but for H. homoceros it is likely that the Greek hopoo (homos)
‘uniform’ and xepac (keras) ‘horn’, refers to the opercular verticil spines. Pixell appears
to have named ‘homoceros’ as the opposite to ‘heteroceros (her error for the existing
‘heterocerus’) which she mentions.

Evaluation: Incorrect Latinization treated here as an unchanging noun in apposition.
Usages exist as ‘homocera’ (e.g., Ben-Eliahu and ten Hove 1992: 35) and ‘homocerus
(e.g., Bellan 2001: 220).

Type locality: Multiple Indian Ocean localities as the syntypes (aggregated as only
one NHM specimen lot 1924.6.13.147 received from the Cyril Crossland Collection)
came both from the Maldive area (specified as Miladhunmadulu Atoll and Minikoi),
and from off Zanzibar.

Geolocation: Unknown (map estimate 6.02°, 73.19° for Noonu, the southern Milad-
hunmadulu Atoll).

WoRMS: 238212

Synonyms: No subjective synonyms.

Hydroides huanghaiensis Sun & Yang, 2000 (original binomen)

Etymology: Not stated, but H. huanghaiensis is evidently named after the sea in which
the worm was collected as “Huanghai” means Yellow Sea in Chinese.

Evaluation: Masculine/feminine invariant “-ensis’ adjective created from a non-Latin
geographic name, Huanghai.

Type locality: Northern Yellow Sea, off the Chinese coast near Dalian.

Geolocation: 39.00°, 122.1167° (as authors, 39°00'N, 122°70'E [? error for 7']).
WoRMS: 328450

Synonyms: No subjective synonyms.
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Hydroides humilis (Bush, 1905) (originally as Eupomatus humilis)

Etymology: Not stated, but for E. humilis possibly the name, from Latin humilis humble’
(or ‘low’), is referring to the small size of the single specimen collected.

Evaluation: Masculine/feminine invariant adjective (humilis -¢) (Stearn 1983: 94).
Type locality: Guaymas, Gulf of California coast, Sonora state, Mexico. Bush provides
no other details other than the name Guaymas (Mexico).

Geolocation: 27.9087°, -110.8931° (map estimate).

WoRMS: 369239

Synonyms: No subjective synonyms.

Hydroides inermis Monro, 1933 (original binomen)

Etymology: Not stated, but for H. inermis it is likely that the Latin inermis ‘unarmed’,
is referring to the verticil spines without spinules. Monro stated the operculum “lacks
spines both on the lower and the upper calix”.

Evaluation: Masculine/feminine invariant adjective (inermis -e).

Type locality: James Bay, Isla Santiago (was James Island), Galapagos, Ecuador.
Geolocation: -0.1959°, -90.8424° (map estimate).

WoRMS: 338017

Synonyms: No subjective synonyms.

Hydroides inornata Pillai, 1960 (original binomen)

Status: The current synonymy of H. inornata with H. operculata is being re-evaluated,
and meantime it is included separately here.

Etymology: Not stated, but for H. inornata it is likely that the Latin inornatus
‘unadorned’ is referring to the verticil spines without side spinules.

Evaluation: Gender-variable adjective with correct original feminine ending. Usages as
‘inornatus exist (e.g., Amoureux et al.: 57).

Type locality: Maha Alamba (not found, perhaps disused), “about a mile” from the
Negombo Lagoon entrance (an aquatic research institute is nearby), north of Colombo,
west coast of Sri Lanka.

Geolocation: 7.1945°, 79.8392° (map estimate).

WoRMS: 338018

Synonyms: No subjective synonyms, and has been regarded as junior to H. operculata

(e.g., Sun et al. 2015: 62).

Hydroides kimberleyensis Pillai, 2009 (original binomen)

Etymology: The author named H. kimberleyensis after the Kimberley region of Western
Australia.

Evaluation: Masculine/feminine invariant “-ensis’ adjective created from a non-Latin
geographic name.



feminine Hydroides 25

Type locality: Off east side of Fenelon Island (main island of Institut Islands) at 6 m,
Kimberley, Western Australia.

Geolocation: -14.1167°, 125.7167° (author).

WoRMS: 555195

Synonyms: No subjective synonyms.

Hydroides lambecki Bastida-Zavala & ten Hove, 2002 (original binomen)
Etymology: The authors named H. lambecki after Hugh ].P. Lambeck (entomologist,
deceased, one time assistant to ten Hove), who first noted this as a species different
from H. mongeslopezi.

Evaluation: Invariant genitive form lambecki of the personal name Lambeck.

Type locality: Vaarsenbaai (cove), Boca Sami, Curagao, Netherlands Antilles.
Geolocation: 12.15° -69.00° (gazetteer).

WoRMS: 328452

Synonyms: No subjective synonyms.

Hydpoides lirs Kupriyanova, Sun, ten Hove, Wong & Rouse, 2015 (original binomen)
Etymology: The authors named H. /irs after the Australian Museum’s Lizard Island
Research Station (LIRS).

Evaluation: Invariant non-Latinized noun in apposition ‘/irs’ from an acronym, pro-
nounced as a single word.

Type locality: Front of reef between Bird and South Islands, Lizard Island, Queensland,
Australia, -14.6978°, 145.4639° (station MI QLD 2354 in Ribas and Hutchings, 2015).
Geolocation: -14.6978°, 145.4639° (station list).

WoRMS: 877990

Synonyms: No subjective synonyms.

Hydroides longispinosa Imajima, 1976b (original binomen)

Etymology: Not stated, but H. longispinosa evidently is named after the “conspicuous,
long central spine” (long in comparison with H. elegans), based on Latin adjectives
longus ‘long’ with spinosus ‘spined’.

Evaluation: Gender-variable adjective with correct original feminine ending. Usages as
‘longispinosus exist (e.g., Bailey-Brock 1987: 282).

Type locality: Koniya, Amami-Oshima, Amami Islands, Southern Japan.
Geolocation: 28.1472°, 129.3078° (map estimate).

WoRMS: 328453

Synonyms: Hydroides centrospina Wu & Chen, 1981 (Yulin Harbour, Hainan Island,
South China Sea)
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Hydroides longistylaris Chen & Wu, 1980 (original binomen)

Etymology: Not stated, but for H. longistylaris evidently the Latin longus long’ and ad-
jectival Latinization of Greek otvhog (stylos) ‘pillar’ refers to the long, elongated basis
of the opercular funnel, thus ‘pillar-like’.

Evaluation: Masculine/feminine invariant adjective (-szylaris -e).

Type locality: Shellfish farms, Zhangpu (Zhangzhou), Fujian Province, China.
Geolocation: 24.4379°, 117.9762° (map estimate).

WoRMS: 328454

Synonyms: No subjective synonyms.

Hydroides malleolaspina Straughan, 1967a (original binomen)

Etymology: Not stated, but the name for H. malleolaspina is evidently a compound
noun from Latin malleolus ‘small hammer’, referring to the dorsal hammer-shaped
verticil spine, and spina ‘thorn’.

Evaluation: Invariant noun in apposition. Usages as ‘malleolaspinus exist (e.g., Murray
etal. 2010: 393).

Type locality: Pialba, Hervey Bay, Queensland, Australia.

Geolocation: -25.2747°, 152.8345° (map estimate).

WoRMS: 369240

Synonyms: “Hydroides tribamulatus” [sic] Pillai, 2009 [unavailable name (no type-
designation), assignment by Murray et al. 2010] (Australia)

Hydroides microtis Morch, 1863 (originally as H. (Eucarphus) microtis)
Etymology: Not stated, but for H. microtis the ‘micro’ derives from Greek pixpog
(micros) ‘small’, and perhaps is combined with Greek neuter noun genitive otoo
(otos) ‘ear’. The Latinizations ‘microtis and ‘microtus’ are in use as both genus and
species-group names for small-eared biota. Whether the same derivation applies for
H. microtis is unclear, as the verticil spines are knob-tipped and not notably small
or ear-like.

Evaluation: Invariant whether a noun in apposition or (masculine/feminine) intended
as adjectival.

Type locality: North America (unspecified) as “ad Americam borealem” on Argopecten
irradians (was as Pecten), collected by A. B. Mayer, presumably on the Atlantic coast as
A. irradians is the bay scallop of that region.

Geolocation: Unknown (unspecified Atlantic coast of North America, with 44°, -68°
the mid point of the coastal extent).

WoRMS: 333641

Synonyms: No subjective synonyms.
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Hydyroides minax (Grube, 1878b) (originally as Serpula minax)

Etymology: Not stated, but for S. minax the Latin adjective minax -acis meaning ‘jut-
ting out’ is likely referring to the enormous dorsal verticil spine.

Evaluation: Invariant adjective (masculine/feminine ‘minax’).

Type locality: Philippines (unspecified).

Geolocation: Unknown (12°, 122° (gazetteer) is central to the Philippines Islands).
WoRMS: 131007

Synonyms: Serpula (Hydroides) monoceros Gravier, 1906 (Bonhoure Recif, Djibouti,
Gulf of Aden)

Hydyroides mongeslopezi Rioja, 1958 (original binomen)

Etymology: The author named H. mongeslopezi after Ricardo Monges Lopez of Veracruz.
Evaluation: Invariant genitive noun mongeslopezi from modern personal name of
Monges Lépez.

Type locality: On floating pumice, Playa Norte, Isla Santiaguillo, Veracruz, Gulf of
Mexico.

Geolocation: 19.1634°, -95.8502° (map estimate).

WoRMS: 328456

Synonyms: No subjective synonyms.

Hydroides monroi Zibrowius, 1973 (original binomen)

Etymology: Not stated, but the species H. monroi is evidently named after C. C. A.
(Charles Carmichael Arthur) Monro, who had studied the specimens earlier.
Evaluation: Invariant genitive noun monroi from modern personal name of Monro.
Type locality: Pointe Noire, Congo, West Africa.

Geolocation: -4.7858°, 11.8361° (map estimate).

WoRMS: 328457

Synonyms: No subjective synonyms.

Hydroides mucronata Rioja, 1958 (original binomen)

Etymology: Not stated, but the name for H. mucronata is evidently referring to the pointed
(Latin mucronatus) side spines of the verticil spines “que tienen forma de mucron” (Rioja
1958: 256).

Evaluation: Correct original adjectival feminine ending. Usages as ‘mucronatus exist
(e.g., Bastida-Zavala and ten Hove 2002: 141).

Type locality: Isla de Sacrificios, Veracruz, Gulf of Mexico.

Geolocation: 19.1749°, -96.0929° (map estimate).

WoRMS: 328458

Synonyms: No subjective synonyms.



28 Geoffrey B. Read et al. | ZooKeys 642: 1-52 (2017)

Hydroides multispinosa Marenzeller, 1885 (original binomen)

Etymology: Not stated, but the name for H. multispinosa evidently refers adjectivally
to multiple lateral spinules on the verticil spines.

Evaluation: Correct original adjectival feminine ending. Usages as masculine ‘multispinosus
exist (e.g., ten Hove and Kupriyanova 2009: 54).

Type locality: Shore at Eno-sima (Enoshima), Sagami Bay, Honshu, Japan. There is
an Enoshima-retto Island, also off Honshu, but the Sagami Bay Enoshima is the most
likely visited.

Geolocation: 35.2977°, 139.4817° (map estimate).

WoRMS: 335316

Synonyms: No subjective synonyms.

Hydroides nanhaiensis Wu & Chen, 1981 (original binomen)

Etymology: Not stated, but H. nanhaiensis is evidently named broadly geographically
as “Nanhai” is the South China Sea in Chinese.

Evaluation: Masculine/feminine invariant “-ensis’ adjective created from a non-Latin
geographic area name.

Type locality: Xi River estuary, Pearl River Delta, Macao, Guangdong, China coast,
South China Sea, 58m, fixed on rock, stations 6016, 6044 (fide Sun and Yang 2014:
218 (map), 241; no locality in the original text).

Geolocation: 22.0602°, 113.4792° (map estimate, Xi River mouth).

WoRMS: 328459

Synonyms: No subjective synonyms.

Hydroides nigra Zibrowius, 1971 (original binomen)

Etymology: Not stated, but the name for H. nigra is evidently referring to the dark
colour of the operculum, especially of the opercular constriction (“un anneau noir  la
base de I‘opercule”) and the verticil spines, and derived from the Latin adjective niger,
nigra, nigrum ‘black’.

Evaluation: Gender-variable adjective with correct original feminine ending. Usages as
‘niger’ exist (e.g., Bellan 2001: 2206)).

Type locality: Tabarka “au large de l'ile [Tabarka] et de la Pointe Meloula [4 km
west]”, Tunisia, Mediterranean Sea.

Geolocation: 36.9666°, 8.7588° (map estimate for north end of Tabarka).

WoRMS: 328460

Synonyms: No subjective synonyms.

Hydroides nikae Sun, Wong, Tovar-Herndndez, Williamson & Kupriyanova, 2016
(original binomen)
Etymology: The authors named H. nikae after Nika Mikhin, daughter of Kupriyanova.



feminine Hydroides 29

Evaluation: Invariant feminine genitive form nikae of given name Nika.

Type locality: Edithburgh Jetty, Edithburgh, St Vincent Gulf, South Australia.
Geolocation: -35.0848°, 137.7488° (adjusted to jetty from authors’ inland 35°05'S,
137°44'(should be 45') E).

WoRMS: 871949

Synonyms: No subjective synonyms.

Hydroides nodosa Straughan, 1967a (original binomen)

Etymology: Not stated, but H. nodosa is likely named for the internal “rounded pro-
jection” at the base of each verticil spine, from the adjective nodosus -a -um ‘knotty’.
Evaluation: Gender-variable adjective with correct original feminine ending. Usages as
‘nodosus’ exist (e.g., ten Hove and Kupriyanova 2009: 54).

Type locality: Tannum Sands, Gladstone, Queensland, Australia.

Geolocation: -23.93°, 151.37° (map estimate fide Australian Museum holotype
W.4013 catalogue record).

WoRMS: 328461

Synonyms: No subjective synonyms.

Hydroides norvegica Gunnerus, 1768 (original binomen)

Status: The type species of the genus (by monotypy).

Etymology: Not stated, but the name for H. norvegica is evidently derived from the
country of collection, Norway (Latin Norvegia), from which the feminine-suffix adjective
‘norvegica’ is derived.

Evaluation: Gender-variable adjective based on a geographic name. H. norvegica was
given a species-group name with a feminine ending. Many usages as ‘norvegicus exist
(e.g., Moen 2006: 115).

Type locality: Trondelag region, Norway. Trondheimsfjord off Statsbygd is one of
three locations mentioned by Gunnerus (see Moen, 2006: 118).

Geolocation: Imprecisely known (map estimate 63.4687°, 10.011° for off Statsbygd).
WoRMS: 131009

Synonyms: There is an extensive list by McIntosh (1923: 347) of early serpulid names and
usages in Eupomatus, Hydroides, Serpula, and Vermilia that are suggested to be Hydroides
norvegica synonyms. Nine of the placements were repeated later in a world catalogue
(Hartman 1959), but only two can be confirmed here (see Read and Fauchald 2016 for
status of the remainder). Also Mérch, 1863 named a subspecies H. norvegica gronlandica,
based on a Fabricius MS, but it is a nomen dubium unlikely to be a Hydroides.
Eupomatus trypanon Claparéde, 1870b (Gulf of Naples, Italy, Tyrrhenian Sea)
Serpula solitaria Bean, 1844 (Scarborough, North Yorkshire, England)
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Hydyroides novaepommeraniae Augener, 1925 (originally as Hydroides (Eupomatus)
novae-pommeraniae)

Etymology: Not stated, but the name for A. novaepommeraniae is evidently a Latinized
form of the former name of the island of collection, New Britain, Bismarck Archi-
pelago, now part of Papua New Guinea, once a German colony named Neupommern,
after the Baltic (Ostsee) coastal lands besides Pommersche Bucht.

Evaluation: Invariant noun in the genitive case created from a non-Latin geographic
name Latinized as ‘novaepommeran’.

Type locality: “Hanam-Hafen” (Hannan or Garua Harbour), north coast of New Britain,
Papua New Guinea.

Geolocation: -5.2833°, 150.0333° (map estimate).

WoRMS: 131010

Synonyms: Hydroides grubei Pillai, 1965 (Binakayan, Cavite, Manila Bay, Philippines)

Hydroides ochotereana Rioja, 1941a

Etymology: Rioja (1941a: 167) stated the name for H. ochotereana was “dedicar esta
especie al Maestro D. Isaac Ochoterena”, but he used the spelling ‘ochotereana’ for the
species-group name.

Evaluation: Incorrect Latinization to be treated as a noun in apposition. The use of
H. ochotereana has been regarded as an accidental incorrect original spelling by Bastida-
Zavala and ten Hove (2003), who cited Article 32.5 (ICZN 1999) as justification for
using ‘ochoterena’, although that would be an unchanged noun in apposition, rather
than a genitive. Instead, we cannot reject the likelihood that Rioja had intentionally
used the altered “-eana’ ending (after all he used it consistently five times but correctly
spelled the name of dedicatee Ochotorena) aiming to create an adjectival form
of Ochotorena. His adaptation could be intended as a rendering using the suffix
“-anus -ana’ (belonging to), frequently used for adjectival Latinization of nouns
based on personal and geographic names. As it was the author who was responsible
for an incorrect Latinization (ICZN 1999, Article 32.5.1) his original spelling is not
corrected (also see Welter-Schultes, 2013: 77). This also avoids the name looking like
an authorship (ICZN 1999, recommendation 31A).

Type locality: La Aguada and La Quebrada beaches, Acapulco, Mexico.

Geolocation: 16.8461°, -99.9156° (La Quebrada, map estimate).

WoRMS: 328462

Synonyms: No subjective synonyms.

Hydroides operculata (Treadwell, 1929) (originally as Eupomatus operculata [sic])
Etymology: Not stated, but the name for E. operculata derives from the Latin verb
operculo -avi -atum ‘to cover’, and in New Latin operculata is used as an adjectival form.
It is unclear why Treadwell chose the name as all Hydroides have opercula. His speci-
men was endowed with two, but he didn’t name it ‘bioperculara’.
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Evaluation: Gender-variable adjective with incorrect original feminine ending for
Eupomatus. Usages in Hydroides as ‘operculatus’ exist (e.g., Bellan 2001: 226).

Type locality: Berbera, Somaliland, Gulf of Aden.

Geolocation: 10.441°, 45.0075° (map estimate).

WoRMS: 131011

Synonyms: Hydroides basispinosa Straughan, 1967a [re-evaluating, see listing herein]
Hydproides gradata Straughan, 1967a [re-evaluating, see listing herein]

Hydproides inornata Pillai, 1960 [re-evaluating, see listing herein]

Hydyroides panamensis Bastida-Zavala & ten Hove, 2003 (original binomen)
Etymology: The authors state that H. panamensis is named “for its distribution, as far
as known yet restricted to the Pacific side of Panama (and adjacent areas).”
Evaluation: Masculine/feminine invariant “-ensis’ adjective created from a non-Latin
geographic name.

Type locality: Paitilla Beach (Punta Paitilla), Panama City, Western Panama.
Geolocation: 8.9733°, -79.5183° (map estimate).

WoRMS: 328464

Synonyms: No subjective synonyms.

Hydroides parva (Treadwell, 1902) (originally as Eupomatus parvus)

Etymology: Not stated, but Treadwell (1902: 210) stated the specimens of E. parvus
were “very small” (6 mm) thus Latin parvus ‘small’.

Evaluation: Gender-variable adjective recombined in Hydroides with correct feminine
ending (e.g., Zibrowius 1971: 712, 717). Usages in Hydroides as ‘parvus exist (e.g.,
Hartman 1956: 250).

Type locality: West coast of Puerto Rico, Caribbean Sea, at both Boqueron Bay and
nearby Mayagiiez Harbour (station 6062, estimated 18.2°, -67.17°), as Treadwell
had specimens from both locations. No station geolocations appear to have been
available for the various Fish Hawk ‘Porto Rico’ stations (Treadwell 1939). Syntypes
(USNM 16173) in the Smithsonian National Museum of Natural History are recorded
as from Boqueron Bay (Bahia de Boqueron).

Geolocation: 18.0208°, -67.1987° (map estimate, Bahia de Boqueron).

WoRMS: 876557

Synonyms: No subjective synonyms.

Hydroides pectinata (Philippi, 1844) (originally as Eupomatus pectinatus)

Status: Name now disused and representing a species inquirenda. It is not eligible as
a candidate nomen oblitum (used in taxonomy by Iroso 1921: 49, Naples), but is
indeterminable unless original specimens are found. The operculum figured by Philippi
is similar to that of H. elegans (Haswell, 1883) (fide Zibrowius 1971: 718).
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Etymology: Philippi’s brief Latin description of E. pectinatus describes the operculum
spines as ‘utrinque pectinatis (pectinate both sides) with three sharp teeth. The Latin
adjective pectinatus indicates comb-like divisions.

Evaluation: Gender-variable adjective recombined in Hydroides with correct feminine
ending (e.g., Morch, 1863: 377).

Type locality: Unspecified Mediterranean, but can be narrowed to the Tyrrhenian Sea
coast of Italy as Philippi’s activities were in western Italy, and plausibly to Naples as he
was based there prior to 1844.

Geolocation: Unknown (Tyrrhenian Sea, with Naples shore (40.8327°, 14.2358° map
estimate) a possible point location).

WoRMS: 393822

Synonyms: As species inquirenda has no synonyms although /. elegans has been suggested.

Hydyroides perezi Fauvel, 1918 (original binomen)

Etymology: Fauvel announces on the first page of his article that H. perezi is dedicated
to “M. Ch. Pérez”, who collected the worms off the Arabian coast.

Evaluation: Invariant genitive form perezi from personal name Pérez.

Type locality: Pearling banks (within 24°55'N-25°10'N, 54°40'E-55°10'E) dredged ~15
miles from the coast of Oman (currently near Dubai, UAE) (Fauvel 1918: 329).
Geolocation: 25.0417°, 54.9167° (map estimate, mid point of bounds given by
author).

WoRMS: 209947

Synonyms: No subjective synonyms.

Hydroides plateni (Kinberg, 1867) (originally as Eupomatus plateni)

Etymology: Not stated, but E. plateni is evidently named after its La Plata collection
station of the Swedish frigate Eugenie expedition.

Evaluation: Invariant genitive from Old Frankish ‘platen’, ultimately from Greek
mhatuo (platus) ‘flat’, relating to the Spanish La Plata placename, which plausibly had
derived from a once widespread use of ‘plate’ to signify precious metals. Other ‘plateni’
species group names of the period may relate to the German zoological collector Carl
Platen (1843-1899) but clearly not this one.

Type locality: Offshore off the La Plata (“prope ostium fluvii La Plata”) embayment,
Argentina/Uruguay (the Eugenie berthed at Montevideo, Uruguay).

Geolocation: Imprecisely known (map estimate -35.3°, -56.3° for mid La Plata, off-
shore of Montevideo).

WoRMS: 369242

Synonyms: No subjective synonyms.
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Hydroides protulicola Benedict, 1887 (original binomen)

Etymology: Not stated, but H. protulicola is evidently named from Protula (serpulid
genus) combined with -colz ‘dweller’, because it was fastened on the tube of Protula
diomedeae Benedict, 1887.

Evaluation: Invariant compound noun in apposition with -co/z as a substantival suffix.
Type locality: Northeast off Cape Hatteras, North Carolina, Adantic coast USA, 86 m.
Geolocation: 35.7°, -74.9083° (from author as 35°42'00"N, 74°54'30"W).

WoRMS: 338020

Synonyms: No subjective synonyms.

Hydroides pseudexaltata Pillai, 2009 (originally as H. pseudexaltatus)

Etymology: The author states he named H. pseudexaltatus after the superficial similarity
of the operculum to that of H. exaltatus.

Evaluation: Gender variable adjective, with usage as corrected feminine ‘pseudexaltata’
in Sun et al. (2015: 65).

Type locality: Shoreline on “island off north east Heywood Island” Kimberley, Western
Australia. The author’s given geolocation (15°05'S, 124°25'E) is oceanic and clearly
incorrect. This is not a rounding error. The island north east of Heywood is the closely
adjacent and much larger Jungulu Island.

Geolocation: -15.3167°, 124.3493° (map estimate, Jungulu shore adjacent Heywood
Island).

WoRMS: 882697

Synonyms: No subjective synonyms.

Hydroides pseudouncinata Zibrowius, 1968 (original binomen)

Status: Currently valid but it is possibly the same as the disused H. euplaeana (see above).
Etymology: Not stated, but evidently H. pseudouncinata was named because it repre-
sents one of the taxa previously confounded under H. uncinata (see below), a name
regarded as of indeterminable identity from its original description (fide Zibrowius
1971: 709).

Evaluation: Gender-variable adjective with correct original feminine ending. Usages
as ‘pseudouncinatus’ species (or nominal subspecies) exist (e.g., ten Hove and Kupri-
yanova 2009: 54).

Type locality: East off ile Gaby (also Degaby), Marseille, France, Mediterranean Sea
(not in Zibrowius 1968, fide Zibrowius 1971: 708).

Geolocation: 43.2776°, 5.3449° (map estimate).

WoRMS: 131012

Synonyms: No subjective synonyms.
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Hydroides pseudouncinata africana Zibrowius, 1971 (original trinomen)
Etymology: The author named subspecies H. pseudouncinata africana after its continent
of collection, Africa.

Evaluation: Gender-variable adjective with correct original feminine ending. Usages as
‘africanus’ exist (e.g., ten Hove and Kupriyanova 2009: 54).

Type locality: Off Rio de Oro, Mauritania, Atlantic coast of Africa.

Geolocation: 21.0833°, -17.4° (author, 21°05'N, 17°24"W).

WoRMS: 335489

Synonyms: No subjective synonyms.

Hydroides qiui Sun, Wong, ten Hove, Hutchings, Williamson & Kupriyanova,
2015 (original binomen)

Etymology: The authors dedicated H. giui to Jian-Wen Qiu.

Evaluation: Invariant genitive form giui from personal name Qiu.

Type locality: East Arm Port, Darwin Harbour, Northern Territory, Australia.
Geolocation: -12.4917°, 130.8831° (authors, 12°29'30"S, 130°52'59"E).

WoRMS: 852783

Synonyms: No subjective synonyms.

Hydroides ralumiana Augener, 1927 (originally (incorrectly) as H. (Eupomatus)
ralumianus)

Etymology: Not stated, but H. ralumianus is named after Ralum plantation, near its
place of collection.

Evaluation: Gender-variable adjective, based on a non-Latin place-name, corrected
by Day (1967: 806) from the masculine. The suffix “-anus -a’ is frequently used for
Latinization of names based on localities and personal names.

Type locality: Ralum, Kokopo, Blanche Bay, New Britain (Neu-Pommern), Bismarck
Archipelago of Papua New Guinea. The plantation “Ralum” was briefly the base for
Friedrich Dahl, who collected the worms in 1896-97 (fide Augener 1927).
Geolocation: -4.3371°, 152.2674° (map estimate).

WoRMS: 209951

Synonyms: No subjective synonyms.

Hydyroides recta Straughan, 1967a (original binomen)

Etymology: Not stated, but the name for H. recta is perhaps a reference to the 8*
enlarged dorsal verticil spine with its “pointed process perpendicular to it” from Latin
rectus ‘perpendicular’.

Evaluation: Gender-variable adjective with correct original feminine ending. Usages as
masculine ‘rectus’ exist (e.g., Pillai 2009: 132).

Type locality: Pretty Beach, north of Cairns, Queensland, Australia.
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Geolocation: -16.6111°, 145.5318° (map estimate, a beach 40 km north of Cairns).
WoRMS: 328466

Synonyms: No subjective synonyms.

Hydroides recurvispina Rioja, 1941a (original binomen)

Etymology: Not stated, but the name for H. recurvispina is likely referring to the verticil
spines which are sharply curving backwards on themselves. Thus the name is formed
from Latin recurvus ‘backward curved’ combined with spina ‘thorn’.

Evaluation: Invariant noun in apposition. Bastida-Zavala and ten Hove (2003: 99)
maintained the original spelling.

Type locality: La Aguada, Acapulco, Mexico.

Geolocation: 16.8398°, -99.9009° (map estimate).

WoRMS: 328467

Synonyms: No subjective synonyms.

Hydroides rhombobula Chen & Wu, 1980 (originally as H. rhombobulus)
Etymology: Not stated, but the name for H. rombobulus may be referring to the shape
of the verticil spines, derived from a combination of Greek pouBog (rombos) ‘rhombus’,
which is a parallelogram with only opposite angles equal, and Latin -u/us, which is a
diminutive in masculine-form.

Evaluation: Clearly intended as an adjectival name, so it is corrected herein to feminine
rhombobula.

Type locality: Dongshan, Fujian Province, China

Geolocation: 23.6689°, 117.3969° (map estimate).

WoRMS: 882579

Synonyms: No subjective synonyms.

Hydroides rostrata Pillai, 1971 (original name, junior homonym, replacement
name Hydyroides gottfriedi nomen novum)

Status: Previously unreplaced junior homonym preoccupied by the invalid Hydroides
rostrata Iroso, 1921, which was a 7. nom. for the specimen of Eupomatus uncinatus
non Philippi, sensu Ehlers, 1887, but a junior objective synonym of Hydroides flori-
dana (Bush, 1910) as Bush had already re-named it. Replaced by Hydroides gottfried;
nom. n. here.

Etymology: Not stated, but H. rostrata is likely named after the large rostrum-like
verticil spine figured by the author. The adjective rostratus -a -um, means having a beak.
The genitive replacement name H. gortfriedi is in memory of Telesphore Gottfried
Pillai (1930-2013), the original-name author.

Evaluation: Gender-variable adjective with correct original feminine ending. Usages as
‘rostratus’ exist (e.g., ten Hove and Kupriyanova 2009: 54).
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Type locality: Hikkaduwa, Sri Lanka. Types were collected at both Hikkaduwa and
Wellawatte. These localities are separated by some considerable distance, but the holotype
at the Natural History Museum, London BM 1968-1438, is from Hikkaduwa.
Geolocation: 6.1324°, 80.1000° (map estimate).

WoRMS: 328469

Synonyms: No subjective synonyms.

Hydroides salazarvallejoi Bastida-Zavala & ten Hove, 2002 (original binomen)
Etymology: The authors named H. salazarvallejoi as a dedication to Sergio Salazar-
Vallejo.

Evaluation: Invariant genitive form salazarvallejoi from personal name Salazar-Vallejo.
Type locality: Cabo de la Aguja, Santa Marta region, Colombia, Caribbean Sea.
Geolocation: 11.3040°, -74.1937° (map estimate).

WoRMS: 328470

Synonyms: No subjective synonyms.

Hydpyroides sanctaecrucis Krayer [in] Morch, 1863 (originally Hydroides (Eucarphus)
sanctae crucis)

Etymology: Not stated, but H. sanctaecrucis is clearly named after its type locality,
Saint Croix Island, and the syntypes at the Zoological Museum, University of Copen-
hagen are labelled “Kr. St. Croix, legit Oerstedt”. The genitive of the feminine Latin
noun crux ‘cross’ is crucis.

Evaluation: Place-name translated into Latin. The genitive-case noun sanctaecrucis is
invariant.

Type locality: Saint Croix (unspecified further), Virgin Islands, Caribbean Sea.
Geolocation: 17.6949°, -64.7416° (map estimate for the port area).

WoRMS: 333645

Synonyms: Hydroides (Eupomatus) dianthoides Augener, 1922 [partim, fide Bastida-
Zavala and ten Hove 2002: 147] (Haiti, Caribbean Sea)

Hydroides similis (Treadwell, 1929) (originally as Eupomatus similis)

Etymology: Not stated, but an instance of the Latin adjective similis ‘similar to’. Later
in the same work Treadwell (1929: 12) considered his H. californicus (now H. crucig-
era) as similar to his E. similis, which isn’t compared to any taxon, so the more logical
application of the names would have been in reverse.

Evaluation: Masculine/feminine invariant adjective (similis -¢) (Stearn 1983: 94).
Type locality: Unspecified beyond a “Lower California” location on label (Baja
California, Mexico). The collector was Townsend, on the ‘Albatross’ voyage of 1911,
and the location is perhaps more likely the Gulf of California than off the Pacific coast.
Gulf coast sites mentioned by Treadwell where other polychaetes were collected include
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Isla Carmen and Isla San José, but there are many other possibilities (see Townsend
1916: 399, end map).
Geolocation: Unknown (30°, -115° (gazetteer) as Baja California general region, but
perhaps inner coast).

WoRMS: 369244

Synonyms: No subjective synonyms.

Hydroides similoides Bastida-Zavala & ten Hove, 2002 (original binomen)
Etymology: The authors state they named H. similoides for its resemblance to H. similis
(type locality Baja California) thus combining the Latin adjective similis ‘similar to’
with the suffix -oides, also ‘similar to’.

Evaluation: Invariant adjectival suffix -oides.

Type locality: La Parguera (jetty of marine institute), Isla Magueyes, Puerto Rico.
Geolocation: 17.9700°, -67.0463° (map estimate).

WoRMS: 328471

Synonyms: No subjective synonyms.

Hydroides simplidentata Pillai, 2009 (originally as Hydroides simplidentatus)
Etymology: The author states the name H. simplidentatus “refers to the simple
unmodified spines at the base of the enlarged coronal [verticil] spine”, combining
Latin adjectives simplus -a -um ‘simple’ and dentatus -a -um ‘toothed’.

Evaluation: Corrected to the feminine form simplidentata in Sun et al. (2015: 79) as
clearly an adjectival name.

Type locality: Unnamed reef north-west of Buffon Island (but cf. author’s supplied
geolocation which is non-reef and east of Buffon Island), Kimberley, Western Australia.
Geolocation: -14.9167°, 124.8° (author as stated, but likely displaced incorrectly by
~13 km to the East).

WoRMS: 882648

Synonyms: No subjective synonyms.

Hydroides sinensis Zibrowius, 1972a (original binomen)

Etymology: Not stated, but H. sinensis is evidently named for its occurrence on the
coast of China.

Evaluation: Masculine/feminine invariant Latin adjective (‘sinensis’) referring to China,
a non-Latin geographic name.

Type locality: Off Qingdao (Zibrowius as “T'sindao’), China coast, northern Yellow Sea.
Geolocation: 36.0565°, 120.38° (map estimate).

WoRMS: 328472

Synonyms: No subjective synonyms.
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Hydyroides spongicola Benedict, 1887 (original binomen)

Etymology: Not stated but H. spongicola is evidently named from English ‘sponge’ as
stem spongi- combined with -cola ‘dweller’, because of its association as “frail calcare-
ous tubes in living sponges”.

Evaluation: Invariant compound noun in apposition with -co/z as a substantival suffix.
Type locality: West offshore from Venice, Florida, Gulf of Mexico, USA, 48 m.
Geolocation: 27.0667°, -83.3542° (as from author as 27°04'00"N, 83°21'15"W).
WoRMS: 338021

Synonyms: No subjective synonyms.

Hydroides steinitzi Ben-Eliahu, 1972 (original binomen)

Etymology: The species H. steinitzi is dedicated to Heinz Steinitz.

Evaluation: Invariant genitive form steinitzi from personal name Steinitz.

Type locality: Sinai bank of Little Bitter Lake, Suez Canal, opposite Al-Kabrit on
Egyptian bank.

Geolocation: 30.2662°, 32.5066° (opposite Al-Kabrit, map estimate).

WoRMS: 131014

Synonyms: No subjective synonyms.

Hydroides stoichadon Zibrowius, 1971 (original binomen)

Etymology: Not stated, but H. stoichadon is from Greek Ztoryadog (Stoichadas), an
old name for Tles d’Hye¢res, an archipelago of small islands near Toulon, Mediterra-
nean coast of France (H. Zibrowius pers. comm.).

Evaluation: Invariant Latinization created from Greek place-name, having the form of
a noun in apposition.

Type locality: Cap du Merlan, the south west corner of Parc Nacional de Port Cros
(island), off the Mediterranean coast of France.

Geolocation: 42.9960°, 6.3718° (map estimate).

WoRMS: 131015

Synonyms: No subjective synonyms.

Hydroides tambalagamensis Pillai, 1961 (original binomen)

Etymology: Not stated but H. tambalagamensis is evidently named after its place of
collection, Tambalagam.

Evaluation: Masculine/feminine invariant “-ensis’ adjective created from a non-Latin
place-name.

Type locality: Nachchikuda, Tambalagam Lake (a bay), eastern Sri Lanka.
Geolocation: 8.5333°, 81.1667° (map estimate).

WoRMS: 328474

Synonyms: Hydroides spiculitubus [noun in apposition] Pillai, 2009 (Long Reef,
Kimberley, Western Australia)
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Hydroides tenhovei Bastida-Zavala & de Le6n Gonzilez, 2002 (original binomen)
Etymology: The authors dedicated the name H. tenhovei to Harry ten Hove.
Evaluation: Invariant genitive form zenhovei from personal name ten Hove.

Type locality: Cabo San Lazaro, western coast of Baja California Sur, Mexico.
Geolocation: 24.7813°, -112.2905° (authors 24°50'N, 112°15"W, adjusted to be coastal).
WoRMS: 328475

Synonyms: No subjective synonyms.

Hydroides trilobula Chen & Wu, 1978 (originally H. trilobulus)

Etymology: Not stated, but the name for A. #rilobulus evidently refers to three vesicular
verticil spines (three lobes), which are small ones, hence the diminutive Latin suffix -2/us.
Evaluation: Clearly meant as an adjectival name, so it is corrected herein to #ilobula.
Type locality: Xisha Islands (Paracel Islands, unspecified further), South China Sea, of
which Yongxing Island is the largest.

Geolocation: Imprecisely known (16.8833°, 112.2833° if Yongxing Island, map
estimate).

WoRMS: 882593

Synonyms: No subjective synonyms.

Hydproides trivesiculosa Straughan, 1967b (originally H. trivesiculosus)
Etymology: Not stated, but the name for H. trivesiculosus is evidently referring to the
three lobes of the enlarged dorsal spine of the verticil, thus #7 with Latin adjective
vesiculosus -a um ‘full of blisters’.

Evaluation: Gender-variable adjective with ending feminine as in Sun et al. (2015: 85)
and Kupriyanova et al. (2015; 293), both mistakenly reporting the original name as
‘trivesiculosa’). Usages as ‘trivesiculosus’ (besides original) exist (e.g., ten Hove and Ben
Eliahu 2005: 134).

Type locality: Heron Island, Queensland coast, Australia, collected close to the marine
station by Dew (map in Straughan 1967b).

Geolocation: -23.4430°, 151.9110° (map estimate).

WoRMS: 882647

Synonyms: No subjective synonyms.

Hydroides trompi Bastida-Zavala & ten Hove, 2003 (original binomen)
Etymology: The authors named H. mrompi dedicated to Jossy S. Tromp, a student of
ten Hove.

Evaluation: Invariant genitive form zrompi from personal name Tromp.

Type locality: Lower chamber wall and floor, Miraflores Locks, Panama Canal, Panama.
Geolocation: 8.9967, -79.5964 (authors).

WoRMS: 328478

Synonyms: No subjective synonyms.
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Hydroides tuberculata Imajima, 1976a (original binomen)

Etymology: Not stated, but the name for H. tuberculata may refer to tubercles (knobs)
on each verticil spine as the Latin noun tuberculum refers to a swelling or lump.
Evaluation: Gender-variable adjectival form of ruberculum with correct original femi-
nine ending. Usages as ‘tuberculatus’ exist (e.g., Bailey-Brock 1987: 282).

Type locality: Urata (beach), Tanegashima (island), Southern Japan. Imajima (1976a)
also gives records for Sumiyoshi, and off Nishinoomote Harbour, Tanegashima, but
a Urata specimen is the holotype (NSMT-Pol. H-120) at the National Museum of
Nature & Science, Tokyo.

Geolocation: 30.8233°, 131.0409° (map estimate, Urata).

WoRMS: 871950

Synonyms: No subjective synonyms.

Hydroides uncinata (Philippi, 1844) (originally as Eupomatus uncinatus)

Status: Name now disused and representing a species inquirenda which is the type
species of Eupomatus. It is not a candidate nomen oblitum (used in taxonomy as valid
by Zibrowius 1968: 109, Hartman 1969: 757, Gibbs 1971: 202, Pillai 1972: 15,
Day 1973: 132, and others), but the taxon it represents may be indeterminable unless
original specimens are found. Zibrowius (1968) named H. pseudouncinata to establish
a separation from H. wuncinata, and Pillai (1972) did likewise with H. okudai. The
name does not obviously threaten the validity of subsequent names, but it is notable
that several H. uncinata usages have been assigned elsewhere, e.g., Serpula (Hydroides)
uncinata non Philippi, sensu Gravier, 1906 to H. heterocera.

Etymology: Not stated, but Philippi described the verticil spines as with “cornubus
octo, apice incurvo uncinatis’ (eight horns, curved tip hooked), thus the name refers to
the hooked spines, from the Latin adjective uncinatus ‘hooked’.

Evaluation: Gender-variable adjective with correct feminine ending. Usages in Hydroides
as ‘uncinatus’ exist (e.g., Ehlers 1913: 582).

Type locality: Unspecified Mediterranean, but can be narrowed to the Tyrrhenian Sea
coast of Italy as Philippi’s activities were in western Italy, and plausibly to Naples as he
was based there prior to 1844.

Geolocation: Unknown (Tyrrhenian Sea, with Naples shore (40.8327°, 14.2358° map
estimate) a possible point location).

WoRMS: 156135

Synonyms: As species inquirenda has no synonyms.

Hydyroides uniformis Imajima & ten Hove, 1986 (original binomen)

Etymology: Not stated, but the name H. uniformis evidently refers to the straight,
thick, unornamented spines of the verticil which are described as “uniform”.
Evaluation: Masculine/feminine invariant adjective (uniformis -¢) (Stearn 1983: 94).
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Type locality: Kesao, Guadalcanal, Solomon Islands, Pacific Ocean.
Geolocation: -9.25°, 159.6667° (map estimate).
WoRMS: 369245

Synonyms: No subjective synonyms.

Hydroides vizagensis Lakshmana Rao, 1969 (original binomen)

Etymology: Not stated, but the name H. vizagensis likely derives from the collection
location, Visakhapatnam, which has the nickname Vizag.

Evaluation: Masculine/feminine invariant “-ensis’ adjective created from a non-Latin
place-name.

Type locality: Naval Base (collected off settlement panels), Visakhapatnam Harbour,
east coast of India, Bay of Bengal.

Geolocation: 17.6938°, 83.2739° (map estimate).

WoRMS: 870503

Synonyms: No subjective synonyms.

Hydroides xishaensis Chen & Wu, 1978 (original binomen)

Etymology: Not stated, but H. xishaensis is evidently named after its area of collection,
the Xisha Islands.

Evaluation: Masculine/feminine invariant “-ensis’ adjective created from a non-Latin
geographic name.

Type locality: Xisha Islands (Paracel Islands, unspecified further), South China Sea, of
which Yongxing Island is the largest.

Geolocation: Imprecisely known (16.8833°, 112.2833° if from Yongxing Island, map
estimate).

WoRMS: 328480

Synonyms: No subjective synonyms.

Discussion

Name characteristics and potential variation

Place-names (23), and personal names (16) make up more than a third (36%) of the
107 non-synonymised species-group names in Hydroides, with most of the remainder
(68) being descriptive of species character states, with a remarkable number relating
to operculum morphology (54). The (perhaps) ‘small-eared’” H. microtis was the only
species where the reason for the author’s choice was not obvious. Otherwise three
species were named for their attractive appearance (H. dianthus, H. elegans, H. elegan-
tula), three were named for the animals they were found on (H. fusicola, H. protulicola,
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H. spongicola), four names are comparative (H. affinis, H. pseudouncinata, H. similis,
H. similoides), two species names probably relate to body size (H. humilis, H. parva),
and one species name relates to the tube form (H. hexagona).

Currently the 107 names include 41 which should be gender invariant (including
17 nouns in apposition, including two acronyms), and 23 with adjectival masculine/
feminine endings in -5, which would only change (to -¢) if moved to a neuter genus
(13 of these are place-names). The remaining 43 names are fully gender variable. There
are 68 adjectival names in total (including 19 adjectival place-names), with only two
adjectival names completely invariant.

Type locality distribution

Type localities of the Hydroides serpulids listed are, with one exception, in shallow-water
coastal locations in temperate to tropical waters between 43.3°N and 35.3°S (Figs 1-2).
Hydroides norvegica is the exception from deeper water (but still inshore), and occurred
at the highest latitude at 63.4°N. It is the most cold tolerant based on type locality, with
a 20° latitudinal gap to all other species type localities, although its distribution extends
south into the Mediterranean (Zibrowius 1971). The western Pacific Ocean (Australia
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Figure 1. Hydroides species type localities of the Eastern Hemisphere (Indian Ocean and Western Pacific).

Labels are current species-group names (except homonym H. rostrata renamed herein as H. gottfriedi nom. n.)
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to northern Japan) has the biggest group of new species at 39, with another 15 species
in the northern Indian Ocean and Red Sea (Fig. 1), a total of 54 for the greater Indo-
Pacific. The Americas north of the equator have 13 new species on the East Pacific coast,
and 18 on the Western Atlantic coast and the Caribbean/Gulf of Mexico area (Fig. 2),
a total of 31 for North American and Caribbean coasts combined. Europe (including
Azores) has only 10 new species, mostly in the Mediterranean Sea (Fig. 1). This leaves
only 12 other species described from elsewhere. Notably, few new species (9) have been
reported from the major continental coasts of the South American coast south of the
equator, and the African coast (outside of the Red Sea and Mediterranean, and includ-
ing Madagascar), but this may be partly a reflection of lesser sampling effort, and also
the consequence of other areas being examined first, given that Hydroides species are
readily translocated on the floating objects and vessel hulls they colonise.
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Abstract

‘The marine mysid species Rhopalophthalmus longipes 1i, 1964 is reported from Malaysian waters for the first
time. Specimens are described and illustrated in detail based on material collected by epibenthic sledge from
the seagrass meadows of Pulau Tinggi, Johor. Specimens exhibit a slight difference from Ii’s type material by
possessing a rounded process bearing two small protrusions apically near the middle distal end of the third seg-
ment of antennal peduncle. In addition, its telson armed with 7-9 moderately strong setae at the lateral margin.

Keywords
Malaysian waters, Mysidae, new record, Rhopalophthalmus longipes, taxonomy

Introduction

The genus Rhopalophthalmus was established in 1906 by Illig in his preliminary report
on the Valdivia Expedition with R. flagellipes as its type species collected from Congo
Estuary, Africa. Later in 1910, Hansen allocated another species to this genus, R. egre-
gius from Bawean Island in the Java Sea, Indonesia, from the Siboga Expedition.

Currently, the genus Rhopalophthalmus contains 27 nominal species (Mees 2010).
The previous records of the genus Rhopalophthalmus in Malaysian waters were restricted
to R. egregius, R. orientalis and R. hastatus (Tan et al. 2014).

Copyright Hai Siang Tan, B.A.R. Azman. This is an open access 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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Rhopalophthalmus longipes was first described from Ajiro, Shizuoka Prefecture, Ja-
pan by Ii (1964) during the South China Sea expedition that was conducted by the
Imperial Fisheries Experimental Station of Japan. It was then found in the adjacent
waters of Nansha Islands, the Spratlys (Wang and Liu 1994) and East China Sea
(Wang and Liu 1997). In 2011, Hanamura et al. recorded the occurrence of R. longipes
from Amami Island, south-western Japan, south-western part of the South China Sea,
and also the western part of Timor Sea. Since Ii’s original description of Rhopalophthal-
mus longipes is relatively brief and literature from different areas noted morphological
variability, the present paper provides a full redescription of R. longipes collected from
Malaysian waters.

Materials and methods

Specimens were collected from two sites (Kampung Pasir Panjang and Kampung Sebi-
rah Kechil) of seagrass beds from Pulau Tinggi, Sultan Iskandar Marine Park (SIMP),
Johor (Fig. 1) by using an epibenthic sledge with a mouth opening of 20 cm height
and 60 cm width, mesh size 140 pm. Three replicates were obtained for each station.
The appendages and mouthparts were dissected and mounted on glycerol gel slides and
then drawn under an optical microscope (Olympus BX43) and stereomicroscope with
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Figure 1. Map of the study area, A Kampung Pasir Panjang and B Kampung Sebirah Kechil, Pulau
Tinggi, Sultan Iskandar Marine Park, Johor.
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camera lucida. The drawings were digitized on Adobe Illustrator CC using the meth-
ods described in Coleman (2003). Material was deposited in Universiti Kebangsaan
Malaysia Muzium Zoologi (UKMMZ).

Systematics

Order MYSIDA Boas, 1883

Family MYSIDAE Haworth, 1825

Subfamily RHOPALOPHTHALMINAE Hansen, 1910
Genus Rhopalophthalmus 1llig, 1906

Rhopalophthalmus longipes 1i, 1964
Figs 2-5

Rhopalophthalmus longipes 1i, 1964, 180, figs 46, 47; Mauchline and Murano 1977, 75
[catalogue]; Muller 1993, 49 [catalogue]; Wang and Liu 1994, 91, figs 14; 1997,
204; 2000, 114, figs 27; Hanamura et al. 2011, 14, figs 8-10.

Material examined. One immature female, 6.5 mm, UKMMZ-1553, Kampung
Sebirah Kechil, Pulau Tinggi, Sultan Iskandar Marine Park, Johor, 02°18.581'N,
104°05.624'E, epibenthic sledge, 25" March 2012, 30.1 °C, depth 7 m, coll. Azman,
B.AR., Tan, H.S. and Shamsul, B.; eight immature females, six juveniles, UKM-
MZ-1554; three juveniles, UKMMZ-1555; two immature females, four juveniles,
UKMMZ-1556; same station. Largest immature female, 6.9 mm, juveniles, 1.9-3.5
mm, males not collected. In the females, smaller than 5.9 mm, the pleopods are not
fully developed. Juveniles: in the smallest specimens at our disposal, measuring 1.9
mm, the eyes are somewhat larger and with stouter stalk than in the adult.

Description. Based on immature female, 6.5 mm, UKMMZ-1553, Figs 24, 5A.

Carapace short; anterior dorsal part of carapace between postorbital spines slightly
produced, forming evenly rounded rostral plate; the postorbital spines sharp, supported
by very short, feebly developed carina; antero-lateral angles of the carapace (“cheeks”)
somewhat sinuous or slightly concave; posterior dorsal margin excavate, leaving the last
two to three posterior thoracic somites exposed completely in dorsal view; cervical sulcus
well marked dorsally and laterally around anterior one-third, nodules not present on the
dorsal surface of carapace, just posterior to cervical groove in addition to posterior one.

Eyes large and globular, somewhat shorter than the first joint of antennular pe-
duncle; cornea well pigmented; the whole eye, including the stalk, nearly 1 %2 times as
long as broad, stalk nearly cylindrical, cornea occupying %5 of the eye and somewhat
narrower than the distal end of the stalk (Fig. 3A).

Antennular peduncle somewhat slender, first segment of antennular peduncle 1 5
times as long as the combined length of distal two segments, armed with several setae
along lateral margin; second segment shortest, slightly shorter than wide; third seg-
ment longer than wide, with three moderate setae, distal outer corner produced into a
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Figure 2. Rhopalophthalmus longipes 1i, 1964, A immature female, 6.5 mm, UKMMZ-1553 B juvenile,
2.4 mm, UKMMZ-1554, Pulau Tinggi, Malaysia.

triangular process under the base of the outer flagellum and a rounded process bearing
two protrusions (Fig. 3B) apically near the middle distal end (Fig. 3C).

Antennal scale extending beyond the distal end of the antennular peduncle, approx.
6Y5—7 times as long as wide, the margins nearly parallel and equal width throughout;
apex almost truncate; a distinct oblique suture marking off the small distal segment;
disto-lateral spine slender, prominent and extending beyond the apex of the scale;
sympod composed of four spines on the inner ventral face at the base of peduncle
(Fig. 3E), two longer and two short spines, the most inner lateral spine around five
times longer than the mesial one (Fig. 3D).

Labrum transverse, without process in front, mandibles with moveable lacinia
thick, molar process thick, slightly produced, with teeth on the end, the palp moder-
ately short, very feebly expanded. Maxilla (Fig. 3F) with the lobe from third segment
deeply cleft, the palp elongated, the exopod rather small.

Abdominal somites smooth, second to fifth somites nearly sub-equal in length, first
and sixth somites 1 %2 times as long as fifth one (Fig. 5A).

Endopods of pereopods (Figs 4A, B, C, D, E, F, 5B) slender and gradually increase
in length posteriorly, remarkable in having proportionately long endopod particu-
larly in seventh one; endopod of third to sixth pereopods similar in shape but length
increasing posteriorly; endopod of third pereopod (Fig. 4C) slightly stouter than the
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A 0.5 mm

C 0.5 mm
D 0.5 mm

F 0.1 mm

G 0.1 mm

Figure 3. Rhopalophthalmus longipes; A anterior part of carapace B third segment of antennular peduncle

C antennule D antenna and antenna scale E sympod spines of antenna F maxilla G maxillule.
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Figure 4. Rhopalophthalmus longipes; A endopod of first pereopod B endopod of second pereopod C en-
dopod of third pereopod D endopod of fourth pereopod E endopod of fifth pereopod F endopod of sixth
pereopod.
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B = 0.1 mm
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Figure 5. Rhopalophthalmus longipes; A immature female (lateral view) B endopod of seventh pereopod
C first pleopod D third pleopod E fifth pleopod F right uropod G telson.

fourth one, carpo-propodus divided into three articles, basal article sub-equal or slight-
ly longer than the carpo-propodus; endopod of fourth to sixth pereopods (Figs 4D,
4E, 4F) having three-segmented carpo-propodus; endopod of seventh pereopod (Fig.
5B) longest, approx. 2% times as long as the exopod, carpo-propodus divided into
four articles, carpus noticeably long, as long as or longer than pereopod normally un-
articulated, barely reaching mid-length of basal plate of exopod.
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Pleopods un-articulated, length generally increasing on posterior somites but that
on third pleopod somewhat short, comparable to first one (Figs 5C, 5D, 5E).

Uropod two-segmented in both endopod and exopod; endopod sub-equal in length
with telson, proximal segment with a strong stout seta at the middle of the ventral in-
ner margin, distal segment % of the endopod in length; exopod with outer margin very
fine setose, somewhat longer than endopod with distal segment % of the exopod in
length and 102 times as long as wide (Fig. 5F).

Telson comparatively narrow and slender, 4 % times as long as basal wide, nearly
same length as the sixth abdominal somite, extends distinctly beyond the articulations
of the uropod, abruptly constricted beyond the articulations of the uropod but not
forming discernible waist, and hardly broadens to first ¥2 point with the lateral mar-
gins nearly parallel, in the next half gradually narrows distally with convex margins
somewhat concave, and accordingly rather slightly broadens distally near the apex;
distal half of the lateral margin armed with 7-9 strong spines, increasing in length
posteriorly in the distal part but become again somewhat shorter towards the apex;
apex narrowly rounded and armed with four extremely strong spines; the apical spines
nearly equal in length with each other, % of the total length of the telson and furnished
with secondary spinules, which are flattened like saw-teeth (Fig. 5G).

Type locality. Shizuoka, Japan

Distribution. Shizuoka, Nagasaki, Japan (Ii, 1964); Nansha Islands, the Spratlys
(Wang and Liu, 1994); East China Sea (Wang and Liu, 1997); off Amami Island,
south-western Japan; south-western part of South China Sea and western part of Ti-
mor Sea (Hanamura et al., 2011) and Pulau Tinggi, Johor, Malaysia (present study).

Remarks. Rhopalophthalmus longipes was first described by Ii (1964) based on the
specimens collected from Japan. This species can be easily distinguished from others
species in having a very narrow telson and secondary spinules on the apical spines of
telson. Another distinct character within the genus is the endopod of third to seventh
thoracopods gradually increasing in length posteriorly and the seventh endopod of
thoracopod being more than twice as long as the exopod.

Rhopalophthalmus longipes resembles Rhopalophthalmus orientalis, which was de-
scribed by Tattersall (1957) from Japanese waters by having two long spines and two
shorter spines at the antennal sympod and possessed peculiarly flattened teeth-saw like
secondary spinules on the apical spines of telson. However, the seventh endopod of
thoracopod in latter species is not as long as twice the length of exopod compared to R.
longipes and the telson is conspicuously slender in the distal half compared to R. orien-
talis, which is moderately broad in distal half. In addition, R. orientalis has small trian-
gular rostrum, which is not found in the R. longipes. R. longipes also shows resemblance
to R terranatalis O. Tattersall, 1957 collected from estuarine waters around the coasts
of Natal from Richard’s Bay (on the east to Langebaan Bay of the south-west coast),
but seventh thoracic endopod of the latter species has seven sub-segments instead of
four sub-segments with an unusually elongated carpus in R. longipes.

The specimens found in this study exhibit some slight differences from the Rho-
palophthalmus longipes of Hanamura et al. (2011) as the small nodules near the cervical
sulcus of the carapace were absent. The specimens at hand also differ from the speci-
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mens described by Ii (1964) and Hanamura et al. (2011) by the combination of these
characters; 1) presence of a triangular process under the base of the outer flagellum;
2) presence of a rounded process bearing two protrusions apically near the middle
distal end of third segment of antennule peduncle; and 3) telson armed with only 7-8
moderately strong setae.
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Abstract

We report 18 species of wild bees plus the domesticated honeybee from the Azores, which adds nine spe-
cies to earlier lists. One species, Hylaeus azorae, seems to be a single island endemic, and three species are
possibly native (Colletes eous, Halictus villosulus, and Hylaeus pictipes). All the remaining bee species are
most likely accidental introductions that arrived after human colonization of the archipelago in the 15
century. Bee diversity in the Azores is similar to bee diversity of Madeira and Cape Verde but nearly ten
times lower than it is in the Canary Islands.

Keywords
Apidae, Azores, Hylaeus azorae, Hymenoptera, pollination

Introduction

The Azores are an archipelago of nine islands and several small islets which range
in age from 5.5 million years for Santa Maria (Feraud et al. 1981) to 0.27 mil-
lion years for Pico (Demand et al. 1982). They are in a very isolated position in
the North Atlantic, ¢. 1300 km from the European continental coast, 1900 km
from Newfoundland and 880 km from Madeira, the closest archipelago (Fig. 1).

Copyright Julie A Weissmann et al. This is an open access 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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Figure 1. a Map of the Northern Atlantic islands b Azores archipelago (modified from Schaefer et al.
2011).

It is therefore not surprising that a strictly terrestrial insect group such as the bees
(Hymenoptera, Apidae) is represented with a low number of lineages in the Azores.
According to the latest published checklist (Franquinho de Aguiar et al. 2010) only
nine species plus the honeybee (Apis mellifera) occur in the archipelago. The latter
is kept by apiculturists on most islands but currently not known to exist in the wild
on any of the Azorean islands. Even though the number of species is low, wild bees
are relatively common in the Azores and can occur in high numbers of individuals
in natural vegetation, often visiting endemic plant species like the Azores goldenrod
(Solidago azorica, Asteraceae) or Azores belllower (Azorina vidalii, Campanulaceae)
(Weissmann and Schaefer, unpubl. data), but also exotic invasive plant species (Pi-
cango et al., unpubl. data). Their importance for pollination, a key ecosystem service,
and thus for survival of the endemic flora and crop production in the Azores has not
been studied very well so far. As mentioned by Borges et al. (2010), Hymenoptera in
general are poorly studied in the Azores, and there is the urgent need to address the
Linnean shortfall and carry out basic inventory and taxonomic work, later followed
by more advanced ecological and behavioural studies.

One of the reasons for the lack of pollinator studies in the Azores could be their
difficult taxonomy and the challenge to identify wild bee species in the field. Our aim
therefore is to provide a comprehensive up-to-date checklist of the bee species of the
Azores and highlight characters suitable for field identification, without the need to
collect the bee and examine e.g. the male genital apparatus or micropunctures on the
scutum. We try to avoid jargon and complicated technical terms as much as possible
to allow ecologists and botanists who are not experienced entomologists to identify all
bees of the Azores to species- or at least genus-level. In this way, we hope to stimulate
more research on bees and pollinators in general in the archipelago, in order to improve
conservation management of endangered plants as well as fruit production.
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Material and methods

To obtain a comprehensive species list, we combined observation data of almost two
decades of fieldwork by all authors with a review of the available literature, discussions
with many experts (see acknowledgements) and visits to the bee collections in Linz
(Biology Center, Oberésterreichisches Landesmuseum Linz) and Munich (Bavarian
State Collection of Zoology, ZSM). Most of our field work was done on Corvo, Flores,
Faial, Graciosa, Santa Maria, and Terceira, with occasional bee observations on the
three remaining islands of the archipelago. We made thousands of bee observations
during all these years but did not collect large numbers of voucher specimens. Instead,
we just took a few selected individuals every year, often animals found dead on road-
sides, in spider webs or in Japanese beetle traps (Azores Agriculture Services monitor-
ing plan for Popillia japonica). These were identified using the latest morphological
identification keys for Europe (e.g., Amiet 1996, Amiet et al. 2001, Amiet et al. 2004,
Amiet and Krebs 2014, Falk and Lewington 2015, Scheuchl and Willner 2016). We
tried to obtain photographs of living individuals in addition to the voucher specimens,
since these are an important source of ecological and behavioural information (e.g.,
flower visitation, phenology, nesting and mating behaviour) not available from col-
lected material.

For all species, except except Apis mellifera, Bombus pratorum, Halictus lativentris,
Hylaeus azorae, Megachile concinna, Megachile pyrenaica, and Osmia niveata, we used
DNA barcoding to obtain some sort of molecular confirmation of the species iden-
tity. We extracted DNA from legs or the thorax of up to six dry or ethanol-preserved
individuals per species using a NucleoSpin tissue kit (Macherey-Nagel, Germany) fol-
lowing the manufacturer’s protocol. Then we used polymerase chain reaction (PCR)
to amplify c. 600 nucleotides of the mitochondrial cytochrome ¢ oxidase I (COI) gene
as described in Schmidt et al. (2015). For PCR we relied on the Kapa2G Fast ready
mix (Kapa Biosystems, Wilmington, USA) following the suggested standard protocol.
Following Smith et al. (2012), we first worked with the primer combination LepF1
and LepR1, and for poor quality DNA samples added the internal primers C_ANT-
MR1D and RonMWASPdeg_t1. Because of problems with Wolbachia (see below), we
designed a new forward primer Hym-COI-F (TAA GAA TAATTATTC GWA TAG
AAT TAA G), which was used together with LepR1 for all halictid and colletid bees.
We cleaned the PCR products enzymatically with ExoSAP-IT mix (Affymetrix, Santa
Clara, USA) and sent them to a private company (GATC, Konstanz, Germany) for
Sanger sequencing. We edited and assembled the raw sequence reads using Geneious
6.1.8 (Biomatters, Auckland, New Zealand). Then we performed BLAST (Basic Lo-
cal Alignment Search Tool) searches in GenBank (www.ncbi.nlm.nih.gov/genbank/)
to compare our sequences to all publicly available bee sequences. Furthermore, we
aligned the obtained COI sequences with additional sequences from other parts of
the species ranges downloaded from GenBank in Geneious 6.1.8 using the Geneious



66 Julie A. Weissmann et al. | ZooKeys 642: 63—-95 (2017)

alignment algorithm. We added COI sequences from GenBank of the six species, for
which no sequence from Azorean material was available and Vespula germanica (intro-
duced invasive in the Azores) as an outgroup and used RAXML v. 8.1.18 (Stamatakis,
2014) on the CIPRES Science Gateway v.3.3 (http://phylo.org) to estimate a maxi-
mum likelihood (ML) phylogeny.

Results

In total, we found evidence for occurrence of 18 wild bee species from seven genera
(Anthidium, Bombus, Colletes, Halictus, Hylaeus, Megachile, and Osmia) and four fami-
lies (Apidae, Colletidae, Halictidae, and Megachilidae) plus the domesticated honey-
bee Apis mellifera in the Azores. For 15 species, we have detailed photographs from the
field in the Azores and for 17 species, at least one specimen from the Azores exists in
our collections or in other public collections. For one species, Osmia niveata, we found
only literature data (see species accounts for details).

We managed to produce COI sequence data for ten species, which we used for
comparison with GenBank sequences, mostly those from the study of Schmidt et al.
(2015). A match of 98-100% to at least two GenBank sequences with the same species
identity was interpreted as support of our morphological identification (see species ac-
counts for exceptions). DNA extraction from both ethanol and air dried specimens of
different age (up to 17 years) was successful. However, we observed that PCR reactions
with the standard barcoding primer combination LepF1-LepR1 resulted mostly in se-
quences of Wolbachia parasites, whereas the use of internal primers or our more specific
newly designed forward primer gave 100% bee sequences (see also Smith et al. 2012).
All sequences have been deposited in GenBank (acc. no. KX824760-80). The ML
community phylogeny (Fig. 2) is well resolved and all genera and species are recovered
as monophyletic, with very little intraspecific genetic variation. Four of the three fami-
lies are also recovered as monophyletic. The only exception is Colletidae, where the
Hylaeus lineage and the Colletes lineage do not form a clade. However, the bootstrap
values are very low at these nodes and it should be kept in mind that all this is based
on just 657 nucleotides of the mitochondrial COI gene. To obtain a more robust
phylogeny estimate, additional mitochondrial and nuclear DNA sequences would be
necessary but this is beyond the scope of our checklist.

The current state of knowledge regarding the distribution per island within the
archipelago is shown in Table 1. Most species (14) are known from the largest island,
Sao Miguel, followed by Faial with 12 species and the small islands Corvo and Flores
with 11 species each. Only seven species are currently known from Sio Jorge. Most
species seem to occur on several or all islands. Just one species, Hylaeus azorae, might
be a single-island endemic, known only from Pico island. Megachile pyrenaica and
Bombus pratorum are also restricted to a single island, Santa Maria and Faial respec-
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Halictus villosulus B62 Corvo
Halictus villosulus B61 Corvo
Halictus villosulus B33 Flores
Halictus villosulus B60 Corvo
Halictus villosulus JF903563 France
Halictus villosulus B51 Terceira
Halictus villosulus B38 Graciosa
Halictus villosulus KJ836810 Germany
Halictus villosulus KT074062 UK
100l Halictus villosulus KJ837665 Germany
Halictus minutissir KJ837045 Spain
Halictus morio KJ837166 Germany
g5[ Halictus morio KX374775 Germany
Halictus morio B27 Graciosa
100, Halictus morio B50 Terceira
Halictus morio KX374855 Germany
Halictus morio KX374886 Germany
991 Halictus morio KJ839826 Germany
100y Halictus smeathmanellus B36 Terceira
Halictus smeathmanellus KT074061 UK
Halictus is KT074053
1_“ Halictus malachurus KJ838467 Germany

ko

Halictidae

100

Halictus malachurus GU706055 Germany
Halictus malachurus KJ838516 Germany
Halictus malachurus B21 Flores
1001 Halictus KJ839722 Spain
Halictus malachurus B23 Graciosa
Hylaeus pictipes HQ563102 Germany
Hylaeus pictipes KJ836451 Germany
Hylaeus pictipes KJ838569 Germany
99l Hylaeus pictipes KJ838603 Spain
Hylaeus pictipes KJ837552 Germany
Hylaeus pictipes B6 Pico
o4 99| Hylaeus signatus KJ837965 Germany
Hylaeus signatus B12 Graciosa
Hylaeus signatus HM401452 Germany
Hylaeus signatus KJ836815 Croatia
100} yjaeus signatus KJ839036 Germany
Hylaeus signatus HM401451 Germany
Colletes eous EF028501 Greece
Colletes eous B46 Santa Maria

Colletidae

Bombus ruderatus KJ836928 Hungary
Bombus ruderatus KJ734255 UK
Bombus ruderatus B63 Faial
78| Bombus ruderatus B64 Faial

100| | Bombus ruderatus KP671610 Portugal

Bombus ruderatus KJ746616 UK
Bombus ruderatus KJ839611 Germany
Bombus pratorum GU705922 Germany
Bombus terrestris B65 Flores
Bombus terrestris B67 Flores
Bombus terrestris B66 Flores
831 Bombus terrestris AY181169 Denmark
1001l Bombus maderensis JQ769073 Madeira
Bombus canariensis JQ769067 Canaries
Apis mellifera KR902201 Canada

Megachile centuncularis B70 Terceira
101 "l

Apidae

Megachile centuncularis B71 Terceira
Megachile centuncularis KR808115 Canada
0| i is KJ838449 Germany
100} Megachile centuncularis KJ839746 Croatia
Megachile centuncularis KJ836985 Germany
74 i ica KJ838168 ltaly
] idi i GU706005 Germany
Osmia niveata KJ839115 Italy

Megachilidae

Vespula ica GU596845 outgroup

Figure 2. ML phylogeny estimate of the bee species of the Azores archipelago based on 657 nucleotides
of the COI gene; sequences of Azorean samples in red, those from other regions in black; the phylogeny
is rooted on the Azorean invasive Vespula germanica; for sequences downloaded from GenBank, the ac-
cession numbers are given, for new Azorean sequences we give the collection number of TUM; the two
species Megachile concinna and Hylaeus azorae are missing in the tree because of lack of material from the

Azores for sequencing and lack of sequences from other sources.

tively, but certainly recent introductions. Megachile concinna is known only from the
islands of the western group, Colletes eous only from the eastern group.

Our current state of data with regards to foraging is summarized in Table 2. It is
based on the observations over the past decades but is certainly not exhaustive. For
several species, e.g. Bombus pratorum, a much wider host plant spectrum can be as-
sumed. Only one species, Hylaeus signatus, is known to be a specialist in other parts of
its range but it seems to be less strict in the Azores (see below). Foraging preferences of
four species (Megachile pyrenaica, Halictus lativentris, Hylaeus azorae, Osmia niveata)
are unknown in the Azores.
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Table 2. Flowering plant groups visited by wild bee species in the Azores.

Bee species

Plant family

Anthidium manicatum

Asteraceae, Fabaceae, Lamiaceae

Bombus pratorum

Lamiaceae

Bombus ruderatus

Aizoaceae, Asteraceae, Boraginaceae, Brassicaceae, Elacagnaceae, Ericaceae, Fabaceae,
Hydrangeaceae, Hypericaceae, Lamiaceae, Myrtaceae, Plantaginaceae, Polygonaceae,
Primulaceae, Resedaceae, Rosaceae, Scrophulariaceae, Solanaceae, Tropaeolaceae,
Verbenaceae, Zingiberaceae

Bombus terrestris

Aizoaceae, Asteraceae, Boraginaceae, Brassicaceae, Campanulaceae, Caprifoliaceae,
Elacagnaceae, Ericaceae, Frankeniaceae, Iridaceae, Lamiaceae, Myrtaceae,
Pittosporaceae, Plantaginaceae, Primulaceae, Resedaceae, Rosaceae, Solanaceae,
Tropacolaceae, Zingiberaceae

Colletes eous

Asteraceae

Halictus lativentris

Unknown

Halictus malachurus

Apiaceae, Asteraceae, Campanulaceae, Ericaceae, Resedaceae, Tamaricaceae

Halictus minutissimus

Asteraceae (Erigeron karvinskianus)

Halictus morio

Apiaceae, Asteraceae, Campanulaceae, Fabaceae, Hydrangeaceae, Hypericaceae,
Lamiaceae, Lythraceae, Oxalidaceae, Polygonaceae, Ranunculaceae, Rosaceae,
Scrophulariaceae, Zingiberaceae

Halictus smeathmanellus

Asteraceae (Solidago azorica), Campanulaceae (Azorina vidalii), Fabaceae

Halictus villosulus

Asteraceae, Ericaceae, Fabaceae, Frankeniaceae, Gentianaceae, Hydrangeaceae,
Hypericaceae, Lamiaceae, Plantaginaceae, Primulaceae, Rosaceae

Hylaeus azorae Unknown
. Asteraceae (Solidago azorica, Helminthotheca echioides), Ranunculaceae (Ranunculus
Hylaeus pictipes .
cortusifolins)
Hylaeus signatus Resedaceae (Reseda luteola), Tamaricaceae (Tamarix afvicana)

Megachile centuncularis

Asteraceae, Fabaceae

Megachile concinna

Fabaceae (Lotus corniculatus)

Megachile pyrenaica

Unknown

Osmia niveata

Unknown

Annotated checklist

In the following, we provide short species accounts for all 19 bee species for which we
found evidence that they exist or have existed in the Azores. General distribution data
and most information on nesting and social behaviour is based on literature (Amiet and
Krebs 2014, Falk and Lewington 2015, Scheuchl and Willner 2016). Information on
foraging and phenology is based on observations by the authors unless other sources
are indicated. This information was compiled during fieldwork in the Azores since
1998 and is therefore much more comprehensive than the data from the collected
individuals. The specimen numbers refer to the collections at Technical University
of Munich (TUM) and University of Azores, Entomoteca Dalberto Teixeira Pombo

(EDTP).
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Apidae

Bombus Latreille

Large, hairy, predominantly black, yellow- or white-banded eusocial bees. Nests are
built in cavities in the ground, preferably old mouse nests. Females collect pollen with
special structures, pollen baskets, on the tibiae of their hind legs. These are absent in
parasitic bumblebees of which none are known in the Azores. Three species in the
Azores.

Bombus pratorum (Linnaeus)

Description. Large black bee (wing length 13 mm in queens and 10 mm in workers
and males), queens and workers with a bright yellow band on the thorax close to the
head, a second one in the middle of the abdomen on tergite 2 (often paler or missing in
workers), and orange tip of the abdomen; males with yellow head, large bright yellow
band in the upper part of the abdomen, and orange tip of the abdomen (Fig. 3g-h).

Distinguishing features. Smallest bumblebee of the Azores and only bee species
with orange tip of abdomen in the archipelago.

General distribution. From Portugal in the West to Kamchatka in the East, and
from northern Scotland in the North to northern Iran in the South.

Distribution in the Azores. Faial.

First record. 2015.

Nesting. No nests observed in the Azores, elsewhere the species has colonies of
50-120 individuals in existing cavities on the surface or in the soil.

Social behaviour. Primitively eusocial.

Foraging. The only observation in the Azores was on Prunella vulgaris (Lami-
aceae), elsewhere the species is polylectic.

Phenology. August.

Material. None.

Note. One single observation by Valter Jacinto on Faial Island, Miradouro da
Caldeira (c. 850 m asl.), 13 August 2015, (http://www.inaturalist.org/observa-
tions/1910834).

Bombus ruderatus (Fabricius)

Description. Large black bee; wing length 18 mm and total length up to 22 mm in
queens, workers with wing length of 13 mm and total length up to 16 mm, males with
wing length of 14 mm; queens and workers with two brownish-yellow bands on the
thorax, a narrow yellow band and white tip of the abdomen (Fig. 3a, ¢); males with
paler yellow bands, more white abdomen and white hairy face pattern (Fig. 3e).
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Figure 3. Azorean Bombus species: @ Bombus ruderatus queen, UK b Bombus terrestris queen, July 2016,
Terceira; c) Bombus ruderatus worker on Ballota nigra (Lamiaceae), July 2016, Terceira (Angra do Herofs-
mo) d Bombus terrestris worker on Azorina vidalii (Campanulaceae), July 2015, Corvo € Bombus ruderatus
male on Lantana camara (Verbenaceae), September 2010, Sao Miguel f Bombus terrestris male, July 2016,
Flores g Bombus pratorum male on Prunella vulgaris (Lamiaceae), August 2015, Faial (Miradoura da Cal-
deira) h Bombus pratorum worker, Norway; photos: Steven Falk (a), Hanno Schaefer (b, c, e, f), Julie
A. Weissmann (d), Valter Jacinto (g) and Kjetil Fellheim on wikipedia (creative commons license) (h);

scale bars 2 mm.
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Distinguishing features. Of the two bumblebee species in the archipelago, B. rud-
eratus is the paler species and can be recognized by the different colour pattern (two
yellow bands on the thorax vs. one yellow thorax band in B. terrestris).

General distribution. Madeira; throughout Europe from the Iberian Peninsula
to southern Scandinavia; North Africa; Asia to Siberia in the East; introduced and
invasive in New Zealand and South America (Chile, Argentina).

Distribution in the Azores. All islands.

First record. 1865 (Godman 1870, as B. hortorum).

Nesting. Colonies of up to 50-100 workers in existing holes in the ground.

Social behaviour. Primitively eusocial.

Foraging. Polylectic, visits a wide range of species, including exotic invaders like
Lantana camara, Verbenaceae (Fig. 3e).

Phenology. All year.

Material. Faial (Horta), August-September 1930, leg. L. Chopard, det. Benoist
(Benoist et al. 1936, not seen) Faial (Castello Branco, from Japanese beetle trap),
1999, 1 worker, 9 males, leg. H. Schaefer, coll. TUM (specimens B48-B49, B52-B56,
B63-B64, B72).

COI sequences of specimens B63-64 (TUM), acc. no. KX824771-72, are identi-
cal to B. ruderatus sequences from Portugal and UK in GenBank (see Fig. 2).

Note. Reports of Bombus hortorum L. by Benoist et al. (19306) refer to this species.

Bombus terrestris (Linnaeus)

Description. Large black bee (wing length 18 mm, total length 20-22 mm in queens;
wing length 13 mm, total length 11-17 mm in workers; wing length 14 mm, total
length 11-17 mm in males) with one strong brownish-yellow band on the thorax close
to the head, a second one in the middle of the abdomen (tergite 2), and bright white
tip of the abdomen (Fig. 3b, d, f).

Distinguishing features. In contrast to B. ruderatus, only one yellowish band on
the thorax, which is deeper in colour than in the previous species.

General distribution. North Africa, Eurasia (Portugal to Norway in the North
and Japan in the East), populations on the Canaries and Madeira have been described
as distinct species but at least for Madeira, this is not supported (Widmer et al. 1998,
Williams et al. 2012); introduced and invasive in parts of Asia, New Zealand, Tasma-
nia, and South America.

Distribution in the Azores. All islands.

First record. Williams et al. 2012 (no island specified).

Nesting. Colonies of several 100 workers in existing holes in the ground.

Social behaviour. Primitively eusocial.

Foraging. Polylectic, visits a wide range of species, including endemics like Azo-
rina vidalii (Campanulaceae, Fig. 3d), and invasive exotics like Hedychium gardneri-
anum (Zingiberaceae) and Leycesteria formosa (Caprifoliaceae).

Phenology. All year (queens flying December/January to March).
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Material. Graciosa, 1 worker; Flores (Santa Cruz and Lajes das Flores, from Japa-
nese beetle trap), July 2016, 9 queens, 9 workers, all leg. H. Schaefer, coll. TUM
(specimens B2, B47, B65-B67, B73-B87).

COI sequences of specimens H. Schaefer B65-B67 (TUM), acc. no. KX824773-
75, are identical to a B. terrestris sequence from Denmark and a B. maderensis se-
quence from Madeira in GenBank but differ slightly from B. canariensis JQ769067
(see Fig. 2).

Colletidae

Colletes Latreille

Medium-sized solitary bees. Most species have conspicuous bright hair bands on the
abdomen. Nests are built in light soil, often in aggregation. The chambers are lined
with a cellophane-like substance. Females collect pollen on the hind legs and the sides
of the propodeum. One species in the Azores.

Colletes eous (Morice)

Description. Medium-sized bee (total length 10-13 mm in both sexes, wing length c.
8 mm in females) with orange brown hairy thorax and dark abdomen with white hairy
tergite margins (Fig. 4a—b).

Distinguishing features. Medium-sized bee with light brown thorax and con-
spicuously black and white ringed abdomen.

General distribution. Mediterranean region to Central Asia (Kuhlmann 2005).

Distribution in the Azores. Sao Miguel and Santa Maria.

First record. 1972.

Nesting. See above.

Social behaviour. Solitary.

Foraging. Based on literature polylectic.

Phenology. June-July.

Material. Santa Maria (Vila do Porto), July 1972, 1 male, leg. N.L.H. Krauss,
coll. Snow Entomological Museum, Lawrence, Kansas; Sao Miguel (Mosteiros),
24.07.2004, 1 male, leg. A. Kroupa, coll. Kroupa (M. Kuhlmann, pers. comm.,
28.09.2016); Santa Maria, July 2001, 1 female, leg. H. Schaefer, det. M. Kuhlmann,
coll. TUM (B46).

Note. According to M. Kuhlmann, Kiel (pers. comm., 23.11.2015) earlier reports
of C. canescens Smith 1853, from the islands, most likely refer to this species.

DNA barcoding of specimen B46 (acc. no. KX824776) and BLAST search in Gen-
Bank resulted in C. eous from Greece as best match (acc. no. EF028501). However, the
similarity is only 94%, which means that there are 23 nucleotide differences distributed
over the entire COI sequences (see also branch length difference in the ML tree, Fig. 2).
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Figure 4. Azorean Colletes species: a aggregation of more than 50 males of Colletes eous, June 2001,
Santa Maria (pasture near airport) b Colletes eous female from Santa Maria (B46, TUM); photos: Hanno
Schaefer (a) and Julie A. Weissmann (b); scale bars 2 mm.

This suggests that the Azorean Colletes is not the same species as the one sequenced from
Greece but more morphological and genetic data is needed to solve this question.

Hpylaeus Fabricius, (Prosopis)

All Azorean Hylaeus species are small black bees with whitish or yellow face patterns,
the males with a mask-like pattern (Fig. 5a—c), the females usually with two dots (Fig.
5d—e). They are solitary bees and build their nests in hollow twigs or other cavities in
wood, stone or vertical soil banks. Females collect pollen in their crop. Three species in
the Azores, none of them mentioned in the previous lists for Macaronesia (Erlandsson
1983) or the Azores (Franquinho de Aguiar et al. 2010).

Hylaeus (Prosopis) azorae (Warncke)

Description. Male 6-7 mm, female unknown; sternite 7 with winged appendages,
sternite 8 deeply V-shaped (Fig. 6a).

Distinguishing features. Male with +/- rectangular yellowish face pattern (Fig.
5a); female unknown.

General distribution. Endemic to the Azores.

Distribution in the Azores. Pico, Montanha do Pico.

First record. 1938 (described in Warncke 1992b, known only from the type).

Nesting. Unknown, probably in hollow twigs.

Social behaviour. Unknown, but probably solitary.

Foraging. Unknown.

Phenology. July.

Material. Pico, 10.07.1938, 1 male, leg. Ragnar Stora, coll. Linz.
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Figure 5. Face patterns of the Azorean Hylaeus species; males in the top row, females below: a Hylaeus

azorae b Hylaeus pictipes € Hylaeus signatus d Hylaeus pictipes € Hylaeus signatus; photos: Esther Ockermiiller

(Oberssterreichisches Landesmuseum Linz) (a, b, d) and Julie A. Weissmann (c, €); scale bars 0.1 mm.

Hylaeus (Prosopis) pictipes (Nylander)

Description. Small black bee (wing length 3.5 mm, total length c. 5 mm) with elongate
face, yellow face patterns, and black mandibles (Fig. 5b, d, 6¢); groove (fovea) alongside
inner eye margin curved towards lateral ocelli (cf. Falk and Lewington 2015, p. 81).

Distinguishing features. Smallest Hylaeus in the Azores, male with yellow face
pattern exceeding insertion point of antennae, female face pattern with two small trap-
ezoidal yellow spots; legs of males mainly yellow.

General distribution. Eurasia, from Portugal to the Caucasus.

Distribution in the Azores. Corvo, Faial, Flores, Graciosa, Pico, Sao Miguel.

First record. 1938 (first mentioned in Warncke 1992b).

Nesting. Builds nests in pithy stems or uses existing cavities (e.g., hollow twigs,
holes of wood-boring beetles).

Social behaviour. Solitary.

Foraging. Polylectic, observed on Ranunculaceae (Ranunculus cortusifolius) (Fig.
6d) and Asteraceae (Solidago azorica, Helminthotheca echioides).

Phenology. June-August.

Material. Faial (Horta), 30.06.-05.07.1938, 1 female, leg. Richard K. H. Frey; Pico
(Madalena), 6-9.07.1938, 1 male, leg. Ragnar Stord; Pico (Madalena), 6-9.07.1938, 1
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Figure 6. Azorean Hylaeus species: a Hylaeus azorae male, Holotype from Pico, Oberésterreichisches

Landesmuseum Linz b Hylaeus signatus male in Reseda luteola (Resedaceae), regurgitating nectar, June
2012, Graciosa € Hylaeus pictipes female, dorsal view, on Solidago azorica (Asteraceae), July 2015, Corvo
d Hylaeus pictipes male (second male in the background) on Ranunculus cortusifolius (Ranunculaceae),
June 2012, Corvo; photos: Hanno Schaefer (a, b, d); Julie A. Weissmann (c); scale bars 2 mm.

female, leg. Richard K. H. Frey; S. Miguel (San Roque), 21.07.1938, 1 male, leg. Richard
K. H. Frey, all det. and coll. Warncke (Linz). Corvo, 3 males; Graciosa (rim of Caldeira),
1 male; Pico (Sao Roque), 2 females, all leg. H. Schaefer, coll. TUM (B3-B7, B44).

The COI sequence of specimen H. Schaefer B6 (TUM), acc. no. KX824777, differs
in 1-7 positions from the five H. pictipes sequences from Spain and Germany in GenBank
(see Fig. 2).

Hylaeus signatus (Panzer)

Description. Medium-sized black bee (total length 7-9 mm in both sexes, wing length
4.5-5.5 mm in females and 4-6 mm in males) with roundish face and conspicuous
yellowish-white face markings, without curved grooves (fovea) along eye margin; man-
dibles and legs black; white hair bands on lateral sides of tergite 1 (Fig. 6b).

Distinguishing features. Relatively large; male with mask not exceeding insertion
point of antennae (Fig. 5 ¢), female face pattern with the two spots larger than in A.
pictipes and more triangular in outline (Fig. 5e); Reseda specialist.
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General distribution. Madeira (introduced); North Africa; Eurasia, from Portu-
gal in the West to northern Scandinavia and Uzbekistan in the East.

Distribution in the Azores. All islands except Sao Jorge.

First record. 2001 (Santa Maria; H. Schaefer, unpublished data).

Nesting. In existing cavities (twigs, earth, abandoned nests of other hymenoptera, etc.),
sometimes in dense aggregations.

Social behaviour. Solitary bee.

Foraging. Oligolectic, usually Reseda specialist, but in the Azores also observed on
Tamarix africana (Tamaricaceae).

Phenology. June-August.

Material. Corvo (Vila do Corvo), 04.08.2014, 1 male; Graciosa, June 2012, 3
females, 7 males on 7amarix; Terceira (airport), 08.08.2014, 1 female, 1 male; Santa
Maria, 1 female, all leg. H. Schaefer, coll. TUM (B8-B20; B45).

The COI sequence of specimen H. Schaefer B12 (TUM), acc. no. KX824778, is
identical to a H. signatus sequence from Germany (KJ837965, see Fig. 2).

Halictidae

Halictus Latreille

All Azorean Halictus species are small brownish bees, often occurring in large num-
bers and nesting in the ground. Males are elongate bees with long antennae (Fig. 7a).
Females of the genus can be recognized by a median furrow on the otherwise hairy
tergite 5 near the tip of the abdomen (Fig. 7d) and relatively short antennae. Females
collect pollen with help of pollen brushes on their hind legs. Both solitary and eusocial
species of this genus exist in the Azores. The Azorean species are commonly treated as
members of the genus Lasioglossum but we follow Amiet and Krebs (2014) and include
Lasioglossum in a broadly circumscribed Halictus. Six species in the Azores.

Halictus lativentris (Schenk), (Lasioglossum lativentre)

Description. Small, dark brown bee (total length 8-9 mm in both sexes, wing length
5,5-6 mm in females and 4,5-5,5 mm in males), with narrow bands of pale hair on
the abdomen; stigma light brown (Fig. 7a-b).

Distinguishing features. Unknown.

General distribution. West- and Central Europe.

Distribution in the Azores. Faial, Sao Miguel.

First record. 1984 (first mentioned by Stockl 1988).

Nesting. Probably in light soils.

Social behaviour. Solitary.

Foraging. No observation data from the Azores available, probably polylectic.
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Figure 7. Azorean Halictus species: @ Halictus lativentris male, UK b Halictus lativentris female from

Faial, leg. P. Wirtz ¢ Halictus malachurus male on Foeniculum vulgare (Apiaceae) with Brassicogethes beetle
in the foreground, July 2016, Corvo d Halictus malachurus female on Galactites tomentosus (Asteraceae),
June 2012, Graciosa; € Halictus malachurus female on Reseda luteola (Resedaceae), July 2016, Corvo
f Halictus malachurus female approaching nest, while another female guards the entrance hole and touches
the antennae of the arriving bee to control its scent, July 2016, Corvo; photos: Jeremy Early (a), Es-
ther Ockermiiller (Oberésterreichisches Landesmuseum Linz) (b), Julie A. Weissmann (c, e, f); Hanno
Schaefer (d); scale bars 2 mm.

Phenology. July-August.

Material. Sio Miguel (Remédios), 10.08.1984, 1 male, leg. La Roche, det. Ebmer
(Ebmer, pers. comm., 20.09.2016); Faial (Horta), 22.07.1992, 1 female, leg. P. Wirtz,
det. Ebmer, coll. Warncke (Linz).
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Halictus malachurus (Kirby), (Lasioglossum malachurum)

Description. Small dark brown bee (total length 7-10 mm in both sexes, wing length
5,5-6,5 mm in females and 4,5-6,5 mm in males); males and females with densely
punctuated scutum and top of propodeum with angulate hind corner; males with
black or extensively red abdomen, particularly long antennae and extensively yellow
legs (Fig. 7c—f).

Distinguishing features. The largest representative of the genus in the Azores;
“shoulders” of the thorax strongly angled (Fig. 7e).

General distribution. North Africa; Eurasia, from Portugal to Iran and North to
Denmark.

Distribution in the Azores. All islands except Terceira (where probably overlooked).

First record. 1930 (first mentioned by Benoist et al. 1936).

Nesting. Ground nesting (mostly in compacted soil), often in large aggregations;
sentinel bee closes access with her head (Fig. 7f).

Social behaviour. Eusocial, sometimes polygynous, and sometimes (in warmer
environments) with several broods of workers.

Foraging. Polylectic, observed e.g., on Apiaceae (Foeniculum vulgare), Asteraceae
(Galactites tomentosus, Helminthotheca echioides, Solidago azorica, Tolpis azorica) and
Resedaceae (Reseda luteola).

Phenology. July-September.

Material. Sio Miguel (Furnas) and Faial (Horta), August-September 1930, leg. L.
Chopard, det. Bliithgen (Benoist et al. 1936, not seen). Sao Miguel, September 1954,
5 males, leg. M. Diniz. Sao Miguel (Lagoa das Furnas), 07.08.1984, 1 female; Sao
Miguel (Ponta Delgada), 12.08.1984, 2 females; Sao Miguel (Ginetes), 11.08.1984,
2 females; Sao Miguel (Sao Joao), 09.08.1984, 2 females, 2 males; Sao Miguel (Fetei-
ras), 11.08.1984, 4 males, all leg. La Roche, det. Ebmer (Ebmer, pers. comm.). Flores,
02.08.2014, 1 female; Graciosa, 3 females, 1 male, all leg. H. Schaefer, coll. TUM
(specimens B21-B25).

The COI sequences of specimens H. Schaefer B21 and B23 (TUM), acc. no.
KX824763-64, differ in 1-5 positions from the H. malachurus sequences from Spain
and Germany in GenBank (see Fig. 2).

Halictus minutissimus (Kirby), (Lasioglossum minutissimums; Evylaeus minutissimus)

Description. Tiny blackish bee (total length ¢. 5 mm in both sexes, wing length 3,54
mm in females and 3—3,5 mm in males); males with entirely dark hind legs (Fig. 8a—b).

Distinguishing features. Smallest of the Halictus species in the Azores, behaviour
more hectic than other bees.

General distribution. West- and Central Europe.

Distribution in the Azores. Faial, Sio Miguel, Terceira.

First record. 1986 (first mentioned by Ebmer 1988).
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Nesting. Ground nests, sometimes in large aggregations.

Social behaviour. Solitary.

Foraging. Polylectic, observed on Asteraceae (Erigeron karvinskianus).

Phenology. July.

Material. Faial (Horta), July 1986, 1 female, leg. Aptroot, det. Ebmer, coll.
Mus. Leiden (Ebmer 1988); Sao Miguel (Ponta Delgada), July 1992, leg. Wirtz, det.
Warncke (Wirtz 1994, not seen).

Halictus morio (Fabricius), (Lasioglossum morio)

Description. Small black bee (total length 7-8 mm, wing length 4 mm), in the sun
often shining metallic green; with narrow bands of whitish hair on the abdomen (Fig.
8c—d).

Distinguishing features. With H. smeathmanellus, one of the two small and
greenish representatives of the genus in the Azores, but smaller in size than the former
species; thorax and abdomen metallic green; males with entirely black tarsi.

General distribution. North Africa; Eurasia, from Portugal to Kazakhstan and
north to Finland.

Distribution in the Azores. All islands except Faial (where probably overlooked).

First record. 1930 (first mentioned by Benoist et al. 1936).

Nesting. On bare or sparsely vegetated surfaces on south-facing slopes or flat areas
(here, the entrance often with small conical tumuli), often in large aggregations.

Social behaviour. Primitively eusocial.

Foraging. Polylectic, observed on Asteraceae (Helminthotheca echioides, Sonchus
asper) and Oxalidaceae (Oxalis corniculata).

Phenology. April-September.

Material. Sao Miguel (Furnas), August-September 1930, leg. L. Chopard, det.
Bliithgen (Benoist et al. 1936, not seen). Sao Miguel (2 km SE Feteiras), 11.08.1984,
3 females 1 male; Sao Miguel (Feteiras), 11.08.1984, 3 females, 2 males; Sao Miguel
(Santana), 07.08.1984, 1 male; Sao Miguel (Ponta Delgada), 12.08.1984, 1 male,
Sao Miguel (Vila Franca), 07.08.1984, 1 male, all leg. La Roche, det. Ebmer (Eb-
mer, pers. comm.). S0 Miguel (Lagoa das Furnas), 23.04.1984, 1 male, leg. Suko,
det. Ebmer, coll. Mus. Bremen (Ebmer, pers. comm.). Sao Miguel (Ponta Delgada),
July 1992, leg. Wirtz, det. Warncke (Wirtz 1994, not seen). Santa Maria (Vila do
Porto), July 1972, 1 female, det. Ebmer, coll. Senckenberg Frankfurt (Ebmer, pers.
comm.). Graciosa (Serra Branca), 4 females; Graciosa (Serra dos Fontes), 3 females;
Terceira, 08.08.2014, 1 female, all leg. H. Schaefer, coll. TUM (specimens B26-
B32, B50).

The COI sequences of specimens H. Schaefer B27 and B50 (TUM), acc. no.
KX824760-61, differ in 1-2 positions from the closest H. morio sequences in Gen-
Bank, which are of German origin (see Fig. 2).
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Figure 8. Azorean Halictus species (continued): @ Halictus minutissimus male on Erigeron karvinskianus
(Asteraceae), July 2016, Terceira (Monte Brasil) b Halictus minutissimus female on Erigeron karvinskianus
(Asteraceae), July 2016, Terceira (Monte Brasil) € Halictus morio male, UK d Halictus morio female from
Graciosa (B29, TUM) e Halictus smeathmanellus male on Solidago azorica (Asteraceae), August 2015,
Flores f Halictus smeathmanellus female on Azorina vidalii (Campanulaceae), July 2015, Corvo g Halictus
villosulus male from Corvo (B60, TUM) h Halictus villosulus female on Leontodon taraxacoides (Aster-
aceae), June 2012, Graciosa; photos: Julie A. Weissmann (a, d, e, f, g); Hanno Schaefer (b, h); Steven
Falk (c); scale bars 2 mm.



82 Julie A. Weissmann et al. | ZooKeys 642: 63—-95 (2017)

Halictus smeathmanellus (Kirby), (Lasioglossum smeathmanellum)

Description. Small black bee (wing length 4.5 mm in females and 4-4.5 mm in
males), in the sun shining metallic green, scutum sparsely punctuated (Fig. 8e—f).

Distinguishing features. With /. morio, one of the two small and greenish repre-
sentatives of the genus in the Azores, but larger in size than the former species.

General distribution. North Africa (Morocco); in Europe from the Iberian Pen-
insula to Scotland and SW Germany.

Distribution in the Azores. Corvo, Flores, Pico, Sao Miguel, Terceira.

First record. First mentioned in Bliithgen (1944), no island specified.

Nesting. Mostly in vertical structures (sparsely vegetated slopes, crevices in cliffs or
walls), often in large aggregations.

Social behaviour. Probably solitary (http://www.bwars.com/bee/halictidae/lasio-
glossum-smeathmanellum) but no observations from the Azores available.

Foraging. Polylectic, observed on Asteraceae (Solidago azorica).

Phenology. July-August.

Material. Pico (Madalena), July 1986, 6 females, 1 male, det. Ebmer, coll. Museum
Leiden (Ebmer, pers. comm.). Terceira (airport), 1 female, leg. H. Schaefer, B36 (TUM).

The COI sequence of specimen H. Schaefer B36 (TUM), acc. no. KX824762, is
identical to a H. smeathmanellus sequence from England in GenBank (KT074061, see
Fig. 2).

Halictus villosulus (Kirby), (Lasioglossum villosulum)

Description. Medium-sized bee (total length 6-9 mm in females and 6-8 mm in
males, wing length 4.5-5.5 mm in females and 4—4.5 mm in males,); scutum with
unusually large punctures, top of propodeum roundish; head and thorax hairy; abdo-
men shiny black (Fig. 8g-h).

Distinguishing features. Medium-sized Halictus (similar in size to H. smeath-
manellus but not metallic green); head densely white villous, thorax and abdomen
blackish dark with scattered long white hairs.

General distribution. Madeira, Canaries; North Africa; Eurasia, from Portugal to
Nepal and Malaysia in the East and Finland in the North.

Distribution in the Azores. All islands.

First record. 1930 (first mentioned by Benoist et al. 1936).

Nesting. In various substrates on sparsely vegetated slopes, cliffs or flat areas (in the
latter, the entrance often with small tumuli); often in large aggregations.

Social behaviour. Solitary.

Foraging. Polylectic, observed on Asteraceae (Helminthotheca echioides, Hypochaeris
radicata, Leontodon taraxacoides, Sonchus asper) and Frankeniaceae (Frankenia laevis).

Phenology. June-September; H. villosulus is known to be bivoltine (two genera-
tions per year) elsewhere but no detailed observational data is available from the Azores.
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Material. Sao Miguel (Furnas) and Terceira (Monte Brasil), August-September
1930, leg. L. Chopard, det. Bliithgen (Benoist et al. 1936, not seen). Sdo Miguel
(Ponta Delgada), July 1992, leg. Wirtz, det. Warncke (Wirtz 1994, not seen). Sao
Miguel (Ponte), July 1986, 3 females; Faial (Horta), July 1986, 5 females, 5 males;
Pico (Magdalena), July 1986, 1 male, all det. Ebmer, coll. Museum Leiden (Ebmer,
pers. comm.). Sdo Miguel (S. Joao), 09.08.1984, 1 female, 1 male; Sao Miguel (Pon-
ta Delgada), 12.08.1984, 1 female; Sao Miguel (Vila Franca), 07.08.1984, 1 male;
Sao Miguel (Remedios), 10.08.1984, 1 male, all leg. La Roche, det. Ebmer (Ebmer,
pers. comm.). Santa Maria (Vila do Porto), July 1972, 2 females, det. Ebmer, coll.
Senckenberg Frankfurt (Ebmer, pers. comm.). Corvo (lighthouse), 5 females, 1 male;
Flores (Ponta da Faja), 05.08.2014, 3 females; Graciosa, June 2012, 6 females; Ter-
ceira (airport), 1 male; Terceira, 08.08.2014, 1 female, all leg. H. Schaefer, coll. TUM
(specimens B33-B35, B37-B43, B51, B57-B62).

The COI sequence of specimens H. Schaefer B33, B38, B51, B60-B62 (TUM),
acc. no. KX824765-70, are (near) identical to a H. morio sequence from France in
GenBank (JF903563), but they differ in at least 15 positions from the remaining /.
morio sequences in GenBank (see Fig. 2).

Megachilidae

The females of all representatives of this group collect pollen with a pollen brush be-
neath their abdomen.

Anthidium Fabricius

The genus is characterised by a specialised nesting behaviour: females build their nests
from plant hairs or rarely resin and can be recognised when transporting such balls of
plant fibres or resin in their mandibles. The males show territorial behaviour. Solitary.
One species with limited distribution in the Azores, likely an introduction.

Anthidium manicatum (Linnaeus)

Description. Total length 11-12 mm in females and 14-18 mm in males, wing length
8-10 mm in females and 9,5-12 mm in males; wings dark, face and legs yellow, body
black with yellow spots and bands, tergite 7 of males with five black spine-like exten-
sions (Fig. 9a-b).

Distinguishing features. Both sexes with conspicuous yellow-black abdominal
patterns; can be confused only with similar looking syrphid flies or species of wasps,
especially the introduced Vespula germanica, but differs from all these taxa in flight
behaviour and abdominal pollen collection (in females).
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Figure 9. Azorean Megachilidae: a Anthidium manicatum male, note the spine-like extensions at the
tip of the abdomen, July 2016, Faial b Anthidium manicatum female on Lotus corniculatus (Fabaceae),
July 2016, Faial ¢ grapevine, Vitis vinifera (Vitaceae), leaves with oval and circular cuts made by leafcut-
ter bees, probably M. centuncularis, June 2013, Corvo d Megachile centuncularis female resting on leaf
of Kahili ginger, Hedychium gardnerianum (Zingiberaceae), August 2015, Flores € Megachile concinna
female, July 2016, Flores f Megachile concinna female on Lotus corniculatus (Fabaceae), July 2016, Corvo
g Megachile pyrenaicalrufescens, female on its clay nest, 26.04.2010, France (Le Muy) h Osmia niveata,
female on Centaurea spec., Israel; photos: Julie A. Weissmann (a, b, d, e, f), Hanno Schaefer (c), Nico J.
Vereecken (g), Gideon Pisanty on wikipedia (creative commons license) (h); scale bars 2 mm.
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General distribution. Eurasia, North Africa; introduced in the Canaries, North
and South America, New Zealand.

Distribution in the Azores. Faial, Sao Miguel.

First record. 1857 (Drouét 1861).

Nesting. In existing holes; cell walls and closing plugs are built out of plant fibres.

Social behaviour. Solitary.

Foraging. Polylectic; preference for Lamiaceae, where the females also collect plant
hairs for their nest, observed on Lotus corniculatus (Fabaceae).

Phenology. July-September.

Material. Faial (Horta), September 1952, 1 female (Carthy 1955, not seen). Sio
Miguel (Ponta Delgada), July 1992, leg. Wirtz, det. Warncke (Wirtz 1994, not seen).

Megachile Latreille

The genus is known for two different types of specialised nesting behaviour (Trunz et al.
2016). In subgenus Megachile, the female bees build their nests in holes of wood or stone
and use pieces of cut-out sections of leaves or petals (“leaf-cutter bees”). Their cuttings are
quite conspicuous (Fig. 9¢) and can help to locate the bees in the field. In subgenus Chal-
icodoma, females construct nests of mud and sand instead of leaf pieces (Fig. 9g). Females
of the genus are easy to recognize by their strong mandibles and by their tendency to
bend the abdomen upwards when visiting flowers. Solitary. Three species in the Azores.

Megachile centuncularis (Linnaeus)

Description. Medium-sized (total length 11-12 mm in females and 9-11 mm in
males, wing length 7-8,5 mm in females and 7-8 mm in males) dark brown bees with
yellowish hair and reddish abdominal pollen collecting brushes (Fig. 9d).

Distinguishing features. Females with conspicuous ventral pollen brushes and
strong mandibels.

General distribution. West- and Central Europe.

Distribution in the Azores. Corvo, Faial, Flores, Sao Jorge, Sao Miguel, Terceira.

First record. 1865 (Godman 1870).

Nesting. In existing holes (e.g. in dead wood, walls, soil or twigs); cell walls and
closing plugs are built of leaf sections.

Social behaviour. Solitary.

Foraging. Polylectic, Asteraceae, Fabaceae.

Phenology. July-September.

Material. Sao Miguel (Furnas, Ponta Delgada), August-September 1930, leg. L. Chopard,
det. Benoist (Benoist et al. 1936, not seen). Faial (Horta), August-September 1952, 2 females
(Carthy 1955, not seen). Terceira, 2 females, leg. A. Picanco MF22.1, MF22.2 (EDTP).

The COI sequences of specimens MF22.1, MF22.2 (EDTP), acc. no. KX824779-
80, are identical to a M. centuncularis sequence from Germany in GenBank (KJ838449),
and very similar to others from Canada, Croatia, and Germany (see Fig. 2).
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Megachile concinna Smith; syn.: M. atratula Rebmann (see Gonzalez et al. 2010)

Description. Smallest of the leafcutter bees in the Azores (total length 9 mm in females
and 7 mm in males). Strongly banded tergites, silvery-brown appearance. Females have
a silvery pollen brush underneath the abdomen (Fig. 9e¢).

Distinguishing features. Smallest of the leafcutter bees on the Azores, silvery-
brown appearance; fast flyer.

General distribution. Mediterranean region.

Distribution in the Azores. Corvo, Flores, Faial.

First record. Ornosa et al. (2007), as M. atratula.

Nesting. Probably in sandy ground near the coast but no nest observations avail-
able from the Azores.

Social behaviour. Solitary.

Foraging. Polylectic, with strong preference for Fabaceae, especially Lozus species
(Fig. 9f).

Phenology. Observed in July-August.

Material. None seen; listed in the AMNH database for the Azores - http://www.
discoverlife.org/mp/2012id=AMNH_BEES67697

Note. The M. concinna complex is currently focus of phylogenetic analyses by C. Praz
but no Azorean material was included in the study (C. Praz, pers. comm., Sept. 2016).

Megachile pyrenaica Lepeletier, (Chalicodoma pyrenaicum)

Description. Medium-sized (total length 13—-16 mm), dark, very hairy bees (Fig. 9g).
Distinguishing features. Only bee species in the Azores that builds large clay nests.
General distribution. Mediterranean region.

Distribution in the Azores. Santa Maria.

First record. 2012 (see: http://www.gba.uac.pt/media/press&events/ver.php?id=126)

Nesting. Unknown.

Social behaviour. Solitary.

Foraging. Probably oligolectic on Fabaceae (Scheuchl and Willner 2016) but no
observational data available from the Azores.

Phenology. June-July.

Material. Santa Maria (near airport), 2 specimens, 2012, det. Kratochwil, coll.

Kratochwil (pers. comm., 30.09.2016).

Note. Easily confused with the morphologically very similar C. rufescens, from

which it differs mainly by its orange tarsi (M. Aubert, pers. comm., Sept. 2016).

Osmia Panzer

Build their nest in existing cavities in wood or stone. Solitary. One species in the Azores
but no recent confirmation.
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Osmia niveata (Fabricius), syn. Osmia fulviventris (Panzer)

Description. Small dark bee (total length 8-10 mm; wing length 7-8 mm in females
and 6-7 mm in males) with conspicuous orange red pollen collecting brushes on the
underside of the abdomen (Fig. 9h).

General distribution. Madeira, West Palaearctic.

Distribution in the Azores. Probably Sao Miguel and Terceira (see below).

First record. 1865 (Godman 1870).

Nesting. Probably in existing cavities in wood or stone but no observations from
the Azores available.

Social behaviour. Solitary.

Foraging. Oligolectic on Asteraceae, with preference for thistles and relatives
(Scheuchl and Willner 2016) but no foraging observations from the Azores available.

Phenology. Unknown.

Material. No specimens seen/known to us.

Note. Records of Osmia emarginaria St. Farg from Sao Miguel and Terceira (God-
man, 1870) most likely refer to this species.

Domesticated species

Apis Linnaeus
Apis mellifera Linnaeus

Description and distinguishing features. Honeybees are larger than most wild bees
in the islands (total length 11-13 mm in workers, 13—16 mm in males; wing length
9-10 mm in workers and 12-13,5 mm in males) but can be confused with some syr-
phid flies (e.g., Eristalis tenax). They differ from superficially similar Megachile by their
pollen-collecting mode: scopae on the legs (Fig. 10), not abdominal brushes.

General distribution. Probably native to the Mediterranean region but kept by
beekeepers in temperate regions worldwide for honey production.

Distribution in the Azores. Apiculture is declining in the Azores (maybe as a result
of accidental introduction of Varroa destructor mites) but honeybee colonies are still
kept on all islands; in 2010, the number of bee colonies in the Azores was c. 3850, be-
longing to 255 beekeepers (source: Paulo Miranda at http://montedomel.blogspot.de).

First record. 16™ century (Frutuoso 2005); according to Marques (cited in Crane
1999: 219) “[bleckeeping was started in 1554 (...), the bees probably being taken
there from Portugal.”

Nesting. Today, honeybees are not known to occur as escaped/feral bees in the
archipelago but Drouét (1861) reported wild honeybees from Sao Miguel.

Social behaviour. Highly eusocial.

Foraging. Polylectic.

Phenology. All year.
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Figure 10. Apis mellifera worker on Azorina vidalii (Campanulaceae), August 2015, Flores; photo: Julie
A. Weissmann; scale bar 2 mm.

Material. Sao Miguel (Furnas) and Terceira (Monte Brasil), August-September
1930, leg. L. Chopard, det. Benoist (Benoist et al. 1936, not seen).

Note. De la Rta et al. (2006) analysed genetic diversity of Azorean honeybees and
found a comparably low number of mitochondrial haplotypes, some of them shared
with Madeiran honeybees, other probably recent introductions from the mainland.

Discussion

We add nine species to the latest list of Franquinho de Aguiar et al. (2010), which dou-
bles the number of bee species in the archipelago. This massive increase is most likely
not the result of numerous introduction or colonization events in the past few years but
rather reflects the lack of research on Hymenoptera in the Azores (see also Borges et al.
2010). However, the origin of most species remains rather doubtful and some, e.g. Bom-
bus pratorum and Megachile pyrenaica, are probably very recent introductions, which
will perhaps not establish a permanent population and disappear after a few years.

The total number of now 18 wild bee species plus Apis mellifera is similar to
Madeira, where Kratochwil et al. (2008) reported 15 species plus honeybee and
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Fellendorf et al. (1999) reported 18 species plus honeybee. In the Cape Verdes, the
currently known species number is also similar (21 according to Bdez et al. 2005,
Straka and Engel 2012, Schaefer, unpubl. data). However, it is likely that more
fieldwork in the Cape Verdes will lead to an increase of species numbers, especially
in the halictid bees, where so far very few species are listed. In the well surveyed Ca-
nary Islands, bee diversity is much higher than elsewhere in Macaronesia, with 124
species, many of them with several subspecies (Bdez et al. 2004). A comparison of
species number per genus in the four archipelagos (Table 3) shows that the Canaries
have a much higher number of genera, probably a result of the close proximity to
the North African/Mediterranean bee diversity centre. Furthermore, several of them
(e.g., Andrena, Halictus, Osmia) seem to have radiated in the Canaries, whereas no
species rich bee radiations have been discovered so far in the remaining archipelagos.

When comparing bee species numbers per island in the Azores, it is important to
keep in mind that our fieldwork on Pico, Sao Jorge, and Sao Miguel was less extensive
than in the rest of the archipelago, so species numbers on these four islands are likely
an underestimate of the true diversity. So far, it seems that bee diversity is fairly similar
on all islands (seven to 14 species) and does not depend on classical biogeographical
and ecological variables (island size, amount of natural vegetation, flowering plant
diversity or altitude). More fieldwork is needed to confirm distribution per island and
also assess altitudinal ranges and habitat preferences of the different bee species in the
islands. There is recent evidence from Terceira that many bee species are foraging in
disturbed habitats (Picango et al., unpubl. data) but it is unclear if they can survive
without natural vegetation. Further research on the impact of land use changes and the
effects of invasive plant species on the long term survival of each of the Azorean bee
species seems particularly important.

Five of the wild species (and the domesticated honeybee) are social, Bombus pratorum,
Bombus ruderatus, Bombus tervestris, Halictus malachurus, and Halictus morio. The remain-
ing species are solitary but three of them, Halictus minutissimus, Halictus smeathmanellus,
and Halictus villosulus nest in aggregations. As pollen sources, most of the Azorean bees
seem to visit a broad range of flowering plants. The only exception is Hylaeus signatus,
which is mainly found on Reseda but not strictly specialized in the Azores, because it also
visits 7amarix africana. None of the species in our list has a parasitic life form, which is
remarkable given the high number of parasitic “cuckoo bees” on the mainland. The cuck-
00 bee Sphecodes pseudofasciatus Blitthgen (historically confused with Sphecodes croaticus
Meyer) was listed for the Azores in the AMNH Bees database (http://www.discoverlife.
org/mp/2012id=AMNH_BEES44929), but this entry seems to be an error (J. Ascher, pers.
comm., Sept. 2016). However, the occurrence of Sphecodes in the Azores would not be too
surprising since several potential host species (halictids) exist and the genus is known from
Cape Verde (Pauly et al. 2002, Straka and Engel 2012 [S. capverdensis = S. pinguiculus))
and the Canary Islands (Bogusch and Straka 2012, Warncke 1992a [S. atlanticus, S. hirtel-
lus, S. marginatus, S. punctipes, S. ruficrus]) but apparently not from Madeira.

The Apidae of the Azores are another case where it seems important to caution
against the uncritical use of checklist data. The number of bees in the Azores has
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Table 3. Comparison of species number per genus in the four Macaronesian archipelagos; for Madeira
based on Fellendorf et al. (1999), for Canaries on Bdez et al. (2004) and for Cape Verdes based on Bdez
etal. (2005), Straka and Engel (2012), and Schaefer, unpubl. data.

Genus Azores Madeira Canaries | Cape Verdes
Amegilla -- 1 3 4
Ammobates - - 2 -
Andrena -- 3 21 -
Anthidium 1 - 2 -
Anthophora - - 4 -

Apis (1] (1] (1] (1]
Bombus 3 2 1 -
Ceratina - - 1 --

Ceylalictus -- - - 3

Chiasmognathus - - - 1
Colletes 1 - 2
Dasypoda - — 1
Dioxys - - 2 -
2
1
2

Dufourea - -
Epeolus - -

Eucera - -
Halictus (incl. Lasioglossum) 6 3 16 2
Heliophila - -~ 3 -
Hoplitis - 2 - -
Hylaeus 3 2 5
Megachile 3 8
Melecta -- - 5
Melitta - - 2 -
5
4

Nomada - -
Nomioides - --
Osmia 1 3 14 -

Panurgus - -

2

Parammobatodes - - 1

Sphecodes - - 6
Stelis - 1 2 _

4

3

Tetralonia - -

Thyreus - -

Xylocopa -- 1 - 1
Total species number (excl. Apis mellifera) 18 19 124 20

been underestimated a lot so far. Moreover, while the latest checklist (Franquinho de
Aguiar et al. 2010) classifies all bee species except the honeybee as “native”, none of
them were seen as “natives” in the previous version by Borges et al. (2005). Currently,
it seems best to classify only one species as endemic, the poorly known Hylaeus azorae,
collected only once on Pico island but clearly morphologically distinct from any other
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Macaronesian Hylaeus. The related H. pictipes is found mainly in natural habitats on
native plants and shows some genetic differentiation compared to mainland material.
Therefore, we suggest to classify it as “possibly native” species, even if this is still a bit
speculative. Based on the same reasoning, we also suggest to classify Halictus villosulus
as “possibly native”, because it is mainly found in the higher altitudes of the islands
in more natural vegetation than the other halictids and is also known from Madeira
and the Canaries. For several of the remaining species, it seems clear that they are
recent introductions because they are restricted to disturbed habitats at low altitudes,
often on just a single island (e.g.: Anthidium manicatum, Megachile pyrenaica, Hylaeus
signatus). Most of the halictid bees, of which endemic and native species are known in
Madeira and the Canaries, are currently best classified as “probably introduced” until
comprehensive phylogeographic analyses allow to make a more informed decision. The
genetic data available so far, shows hardly any differentiation of the island populations
from the mainland, which seems to reject the hypothesis of long isolated evolution
following colonization prior to the arrival of human settlers in the 15% century. The
available material from the Azores also does not show any significant morphological
differentiation from mainland populations (A. Ebmer, pers. comm.). Notably, we also
do not find any evidence for an undescribed endemic Halictus species, which had been
reported as “endemic super generalist” pollinator from Flores (Olesen et al. 2002). The
widespread and probably introduced Halictus malachurus is today the most common
bee in the study site of Olesen et al. (2002) on Flores and material collected by Olesen
has been identified as H. malachurus (A. Ebmer, pers. comm.). This would suggest
that contrary to the interpretation of Olesen et al. (2002), instead of endemic super
generalists, an introduced pollinator complex, consisting mainly of H. malachurus and
H. morio plus the less abundant H. smeathmanellus and H. lativentris might be most
important for pollination networks in the Azores today. However, detailed observa-
tions, ideally on several islands and in different plant communities are needed before
any definitive conclusion should be drawn.

From an evolutionary biology perspective, it is interesting that the percentage
of endemic bees in the Azores (one endemic species, 5%) seems to be much lower
than in Madeira (six endemic species, 33% (Fellendorf et al. 1999)) and the Canaries
(46 endemic species, 37% (Bdez et al. 2004)) or Cape Verdes (eleven endemic species,
55% (Bdez et al. 2005, Straka and Engel 2012)). Whether this pattern is real and a
result of e.g., the comparably young geological age or low habitat heterogeneity of the
Azores, or simply reflects differences in the research intensity in the different archipela-
gos remains to be seen.

Conclusions

With 18 wild species plus the domesticated honeybee, the bee diversity in the Azores
seems similar to that of Madeira and Cape Verde but much lower than in the Canaries.
The small number of endemic/native species suggests that the endemic flora of the Azores
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might have evolved mainly without presence of pollinating bees and adapted to other
pollinator groups but more research is needed to confirm this hypothesis. More generally,
we show that detailed taxonomic work and comprehensive fieldwork is needed before
any checklist data can be used for macroecological studies (biodiversity comparisons) and
ecological studies, e.g. pollination network analyses.
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Abstract

Ten species of the genus Lista are recognized from China. Among them, five species are described as new
to science, namely, L. angustusa sp. n., L. gilvasa sp. n., L. longifundamena sp. n., L. menghaiensis sp. n.,
and L. sichuanensis sp. n. Diagnoses are provided for the genus and five previously described species,
L. haraldusalis (Walker, 1859), L. insulsalis (Lederer, 1863), L. ficki (Christoph, 1881), L. plinthochroa
(West, 1931), and L. variegata (Moore, 1888), that occur in China. Two species, L. plinthochroa and
L. variegata, are reported from China for the first time. All adults and their genital structures are illus-
trated. A key to the Chinese species is provided.

Keywords
China, new record, new species, Pyraloidea, taxonomy

Introduction

The genus Lista was erected by Walker in 1859, based on Lista genisusalis Walker,
1859 as the type species. Subsequently Lederer (1863) erected Paracme for insulsalis
(Lederer, 1863) from Ningbo (Zhejiang, China), Christoph (1881) erected Crane-
ophora for ficki (Christoph, 1881) from Heilongjiang (China), and Butler (1889) pro-
posed Belonepholis for the species striata from Dharmsala (India) as a junior synonym

Copyright Mingqgiang Wang et al. This is an open access 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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of ficki. These genera were synonymized with Lisza by Solis (1992), a paper which also
listed seven species under Lisza by Solis (1992), L. carniola (Hampson, 1916), L. ficki,
L. haraldusalis (Walker, 1859), L. insulsalis, L. sumatrana (Hering, 1901), L. variegata
(Moore, 1888) and L. plinthochroa (West, 1931). Yamanaka described a new species,
L. monticola Yamanaka, 2000, from Nepal. At present, eight species of Lista have been
reported all over the world and are distributed in the Palaearctic and Oriental Regions.

In China, three species were previously recorded, L. ficki, L. insulsalis and L. haral-
dusalis (Caradja 1925; Wang et al. 2003; Li and Ren 2008). In this paper, two species,
L. plinthochroa and L. variegata, are newly recorded from China, and an additional five
species are described as new to science.

Material and methods

The specimens examined and the types of the new species are deposited in the collec-
tion of the Institute of Zoology, Chinese Academy of Sciences (IZCAS), Beijing, P. R.
China. The specimens were collected with different methods, but mainly by light traps.
The photographs of moths and their genitalia were taken with a NIKON D7000 digi-
tal camera connected to a NIKON SMZ 1500 stereomicroscope. Methods of dissec-
tion, morphometrics, and terminology follow Wang et al. (2003) and Slamka (2006).

Taxonomic account

Lista Walker, 1859

Lista Walker, 1859: 877. Type species: Lista genisusalis Walker, 1859

Paracme Lederer, 1863: 338. Type species: Poracme insulsalis Lederer, 1863
Craneophora Christoph, 1881: 1. Type species: Craneophora ficki Christoph, 1881
Belonepholis Butler, 1889: 89. Type species: Belonepholis striata Butler, 1889

Diagnosis. The genus is very special in its external characters. It can be easily distin-
guished from other genera of the subfamily by having a much brighter and conspicu-
ous wing pattern. The valva usually has spines or sclerotized plate medially located in
the male genitalia and the oval or rounded corpus bursae have the rounded signa in
the female genitalia, which are same as in the genus Stericta. But it differs from the
latter by the shapes of valva and juxta. In general, the wings have an orange to yellow
postmedial fascia with dark brown edges. In the male genitalia, the uncus usually has
long or short spines laterally located, the sacculus always has two sclerotized processes
medially located, and the valva usually has a variously-shaped sclerotized plate in the
central area distal to the saccular processes.

Description. Head covered with dense scales; labial and maxillary palpi upturned;
antennae filiform, male with a scape extension covered with dense scales. Both wings
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with similar patterns, fasciae indistinct except postmedial fascia, postmedial fasciae
conspicuous, and smooth at border.

Male genitalia. Uncus broad, gnathos various. Valva broad, and outer margin
usually truncated; costa sclerotized; sacculus well developed, often with hook-like
or spine-like processes, usually extending backward to base of valva. Phallus slender,
slightly curved.

Female genitalia. Ovipositor covered with dense setae. Sterigma associated with
the ostium bursae appears to be sclerotized. The papillae analis are not extruded and
are located within the 8" segment; the sterigma is lightly sclerotized and the lamella
postvaginalis is variously sclerotized. Apophysis anterior nearly same length or longer
than apophysis posterior. Ductus bursae slender, usually membranous. Corpus bursae
elliptic or rounded, usually with two rounded or oval-shaped signa consisting of many
minute spines.

Distribution. China, Russia, Korea, Japan, India, Nepal, Sri Lanka, Vietnam,
Myanmar, Malaysia, Indonesia, Philippines, New Guinea.

Key to the species of Lista in China

1 Uncus With tWo SPINES ....c.coueuiirieirieiiricineciricee e 2
- Uncus WithOUE SPINES......c.coveveirieirieiiriiieiniecrteeeet et 6
2 Uncus with spines laterally located, hindwing with pink-fuscous scales....... 3

- Uncus with spines medially located, hindwing with pale-yellow scales...........
................................................................................................. L. variegata
3 Spines nearly as long as uncus; forewing covered with more fuscous scales
than yellow ....cooveiriiiiiicc L. insulsalis
- Spines half as long as uncus; forewing with more yellow scales than fuscous.... 4
4 Juxta with spines about 1/2 of length of juxta at apex ..........ccceceeueirirnennee.
............................................................................ L. longifundamena sp. n.
Juxta with spines about 1/3 of length of juxta at apex ........cccccoevuvveereennne. 5
5 Base of juxta broad, postmedial fascia slightly curved, ductus bursae as same
as 1N WIATh .o
............................................................................................. L. haraldusalis
- Base of juxta narrow, postmedial fascia straight, lower ductus bursae broader

Ehan UPPET c.viiiiiieicite ettt L. gilvasa sp.n.
6 Gnathos With tWO SPINES...c.curueuiriiuiirieiirietcireeer ettt 7
- Gnathos WithOUT SPINES ....c.euvrieuirieiiirieiirieicireere et 8
7 Middle of sacculus with a serrated sclerotized plate, bent towards outer mar-
gin of plate and with a short thorn-like process............... L. angustusa sp. n.

- Middle of sacculus with a spine-like process, bent towards outside................

................................................................................... L. sichuanensis sp. n.
8 Juxta with apex rounded ........cccceeviriiiiiininiiii e 9
- Juxta with apex pointed ......c.coveevirieinieeninicircc e L. ficki
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9 Male with long hair scales nearly 2/3 of abdomen length at abdomen end.
Middle of sacculus with a long spine and a short thorn-like process, Top of
ductus bursae slightly sclerotized...........cccccovviniieiinnnnnn L. plinthochroa

- Male with short hair scales nearly 1/4 of abdomen at abdomen end, middle
of sacculus with a long sclerotized plate and a short thorn-like processes, the
sclerotized plate with apex serrated, ductus bursae membranous...................
................................................................................. L. menghaiensis sp. n.

Lista angustusa sp. n.
http://zoobank.org/12F9A4BB-E225-442F-BE21-2104F358766D

Figs 1, 13, 23

Diagnosis. The new species is very similar to L. haraldusalis in wing pattern, but the
wing color of the new species is darker than the latter. In the male genitalia, it can be
distinguished from the latter by the narrower valva, having two lateral spines in the
gnathos, and lacking spines in the uncus.

Description. Adult. Forewing length 8.5-11.0mm (7 = 7). Head pale yellow,
mixed with brown; labial palpus upturned, third segment pointed; antenna brown,
scape extension black, with pale grey scales on inner side, and blackish-brown on outer
side. Thorax mixed with pale yellow, blackish-brown and pale grey scales. Forewing
covered with brown, yellow and pink scales; base mixed with yellow and black scales;
postmedial fascia orange with dark brown edges, outer area covered with fuscous and
dark pink scales; cilia brown. Hindwing with same pattern as forewing.

Male genitalia (Fig. 13). Uncus broad, densely suffused with setae, apex trun-
cated. Gnathos incurved apically, with three spines at apex and a long spine laterally
located. Valva nearly the same width from base to apex, apex obliquely truncated; costa
obviously sclerotized, apex swollen; sacculus expanded at base, with two processes in
middle, the inner one larger, with serrated edge, the outer one small thorn-like, a scle-
rotized plate from sacculus to valva medially located. Juxta constricted and bifurcated,
two pointed plates at apex. Phallus cylindrical, curved slightly.

Female genitalia (Fig. 23). Ovipositor nearly round, suffused with setae. Apophy-
sis anterior and apophysis posterior nearly same length. Ductus bursae short, membra-
nous. Corpus bursae elliptic, with two rounded signa.

Holotype. 3, Jiangxi: Jiulianshan, 11.VI.1975, Song Shimei (gen. slide. no.
Ep540).

Paratypes. 59 @, locality and collector same as holotype, 21.VI-8.VIIL.1975,
(gen. slide. no. Ep562). Guangdong: Ruyuan, Nanling, 14, 20.VIL.2008, Chen Fu-
giang (gen. slide. no. Ep549); Chebaling, 184, 22.VI1.2008, Chen Fugqiang (gen. slide.
no. Ep543).

Distribution. China (Jiangxi, Guangdong).

Etymology. The specific name is derived from Latin angustus (= narrow) in ac-
cordance with its narrow valva.
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5 6

Figures 1-6. Adults. | Lista angustusa sp. n., male, holotype 2 L. ficki (Christoph, 1881), male 3 L.
gilvasa sp. n., male, holotype 4 L. haraldusalis (Walker, 1859), female 5 L. insulsalis (Lederer, 1863), male
6 L. longifundamena sp. n., male, holotype.

Lista ficki (Christoph, 1881)
Figs 2, 14, 24

Craneophora ficki Christoph, 1881: 2; Janse 1931: 439—-491; Inoue 1982: 379, pl. 45,
fig. 40; Yamanaka and Yoshiyashu 1992: 91.

Belenopholis striata Butler, 1889: 90, pl. 134, f. 3.

Lista ficki (Christoph): Solis 1992: 283.

Diagnosis. The species is different from congeners by paler scales on the forewing, the
tip of the gnathos without denticulation, and the juxta swollen, the apex bifurcated
with two pointed processes.
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Material examined. Guangdong: Dinghushan, 19, 7.VIL.1973, Li Tiesheng.
Jiangxi: Jiulianshan, 184, 23.1X.1979, Song Shimei. Hubei: Shennongjia, 38319,
950-1250m, 3-16.VI1.1980, Yu Peiyu & Han Yinheng (gen. slide no. Ep552); Xing-
shan, 14399, 1350m, 18.VIL.1993, Song Shimei (gen. slide no. Ep532). Gansu:
Wenxian, 19, 720m, 28.VIL.1999, Yao Jian; Zhouqu, 1%, 2400m, 14.VIL.1999, Zhu
Chaodong.

Distribution. China (Heilongjiang, Gansu, Hubei, Jiangxi, Guangdong,
Guangxi); India, Japan, Philippines.

Remarks. Yamanaka (2000) reported this species in Nepal. However, according
to the related literature, the genitalia are quite different from those of L. ficki (Chris-
toph, 1881) provided by Janse (1931). Meanwhile, their structure of the male genitalia
matches the figure of L. haraldusalis (Walker, 1859) provided by Marumo (1942).
Therefore, his reported species actually is L. haraldusalis (\Walker, 1859) rather than L.
ficki (Christoph, 1881).

Lista gilvasa sp. n.
http://zoobank.org/AB832BCC-54D7-4147-BC89-20B306FE65A6
Figs 3, 15, 25

Diagnosis. The new species is similar to L. longifundamena sp. n. Both species are dif-
ferent from other congeners by the straight postmedial fascia on the forewing; however,
L. longifundamena sp. n. has the valva slightly constricted from the middle to the apex,
the sacculus with the inner processes at middle more slender, and the apex of the juxta
bifurcated with two strongly sclerotized slender arms.

Description. Adult. Forewing length 9.5-10.5mm (2 = 4). Head yellow; labial
palpus upturned, mixed with yellow and black scales; maxillary palpus pale yellow;
antenna pale brown, scape extension black, mixed with golden scales in male. Thorax
mixed with blackish-brown and a small number of yellow scales. Forewing covered
with brown, yellow, black and pink scales; postmedial fascia straight, pale yellow with
brown edges, outer area covered with fuscous and dark pink scales; cilia brown. Hind-
wing with similar pattern to forewing, but more brown scales than forewing in central
area, and outer area covered with pink scales.

Male genitalia (Fig. 15). Uncus broad, densely covered with setae, two spine-like
processes at base laterally. Gnathos narrower and more sclerotized than uncus. Valva
slightly broader from base to apex, apex rounded; costa slightly sclerotized, apex swollen;
sacculus with two processes in middle, the inner one spine-like, the outer one thorn-like,
a thin sclerotized plate from sacculus to center of valva. Juxta peltate and bifurcated, apex
pointed. Phallus curving slightly, with a crescent-shaped cornutus at apex.

Female genitalia (Fig. 25). Ovipositor slightly narrow, suffused with setae. Apo-
physis anterioris longer than apophysis posterioris. Ductus bursae slender, membra-
nous. Corpus bursae round, with two signa, nearly oval.
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Holotype. &', Guangxi: Napobeidou, 550m, 22.V1.2000, Zhu Chaodong (gen.
slide no. Ep524).

Paratayes. Guangxi: Longzhou, 1, 550m, 22.V1.1963, Wang Chunguang (gen.
slide no. Ep529); Jinxiu, Luoxiang, 19, 200m, 15.V.1999, Han Hongxiang; Shangsi,
19, 300m, 29.V.1999, Zhang Xuezhong (gen. slide no. Ep563).

Distribution. China (Guangxi).

Etymology. The specific name is derived from Latin gilvas (= pale yellow), in ac-
cordance with the yellow postmedial fascia of the new species.

Lista baraldusalis (Walker, 1859)
Figs 4, 16, 26

Locastra haraldusalis Walker, 1859: 160.

Lista genisusalis Walker, 1859: 877.

Stericta haraldusalis (\Walker): Hampson 1896: 121; Lu and Guan 1953: 109.
Craneophora haraldusalis (Walker): Janse 1931: 473—474.

Lista haraldusalis (Walker): Solis 1992: 283.

Lista ficki (nec. Christoph): Yamanaka 2000: 67-69 (misidentified).

Diagnosis. The species can be distinguished from other species of the genus by its
specific gnathos. In this species, the gnathos is broader and more sclerotized than that
in other species and it has a serrated apex that is located medially.

Material examined. Hubei: Shennongjia, 233, 950m, 3-17.VIL.1980, Yu
Peiyu; Shennongjia, 19, 500m, 30.V.1981, Han Yinheng; Shennongjia, 283499,
500-1250m, 16.VI-4.VIL.1981, Han Yinheng (gen. slide no. Ep556); Shennon-
gjia, 243299, 860-920m, 28.VII-17.VIIL.1981, Han Yinheng; Xingshan, 34'J,
1350m, 18.VIL.1993, Song Shimei (gen. slide no. Ep75, Ep527); Digui, 583529,
110-117m, 3-6.IX.1994, Han Yinheng (gen. slide no. Ep73, Ep526, Ep551, Ep74,
Ep522). Shaanxi: Zhenba, 19, 5.V1.1981; Zhouzhi, 29 @, 1350m, 24.V1.1999, Zhu
Chaodong; Foping, 19, 900m, 27.V1.1999, Zhang Youwei (gen. slide no. Ep516);
Foping, 43369 9, 867m, 15.VIIL.2007, Li Wenzhu (gen. slide no. Ep515). Zhejiang:
Linan, 39 @, 1350m, 28-29.VI1.2003, Xue Dayong & Han Hongxiang (gen. slide no.
Ep517). Gansu: Wenxian, 2383, 720-1000m, 20-28.VII.1999, Yao Jian (gen. slide
no. Ep541). Guangxi: Longsheng, 1%, 11.V1.1980, Xue Dayong; Napo, Baihe, 29 ¢,
440m, 6-7.1V.1998, Wu Chunsheng & Li Wenzhu (gen. slide no. Ep557); Jinxiu,
19,300m, 29.1V.1999, Yao Jian. Yunnan: Pingbian, 19, 1500m, 19.V1.1956, Huang
Keren; Menghai, Xishuangbanna, 19, 1200-1600m, 20.VII.1958, Pu Fuji; Xishuang-
banna, 1, 650m, 25.VIL.1962, Song Shimei; Da Menglong, Xishuangbanna, 19,
650m, 29.V.1962, Song Shimei; Xishuangbanna, 19, 15.V.1978, Wang Shuyong;
Weixi, 19, 2500m, 25.VI1.1981, Wang Shuyong; Lufeng, 19, 23.V1.1982; Daguan,
1419, 780m, 1.VIL.1982, Luo Feijin (gen. slide no. Ep559); Nabanhe, 19, 1083m,
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25.V1.2014, Liu Xiuwei (gen. slide no. Ep566). Anhui: Jiuhuashan, 14, 1979m,
24.VIL.2003 (gen. slide no. Ep565). Guizhou: Congjiang, 58319, 1-10.VIIL.2013,
Yang Maofa (gen. slide no. Ep567). Fujian: Sangang, 19, 740m, 30.VI.1960, Zhang
Yiran; Sangang, 19, 18.1X.1979, Yu Chunren; Wuyishan, 19, 650m, 27.V.2000,
Wang Jiashe; Wuyishan, 19, 650m, 27.VIL.2000, Song Shimei; Xianfengling, 19,
500m, 4.VI.1981, Qi Shicheng. Sichuan: Emeishan, 19, 800-1000m, 13.V1.1957,
Zhu Fuxing. Xizang: Motuo, 1419, 1.VI.1983, Han Yinheng. Hainan: Jianfengling,
19, 26.X.1982; Wuzhishan, 13, 9.XI1.2007, Chen Fugqiang (gen. slide no. Ep577).

Distribution. China (Shaanxi, Gansu, Anhui, Zhejiang, Hubei, Jiangxi, Fujian,
Hainan, Guangxi, Sichuan, Guizhou, Yunnan, Xizang), India, Japan, Nepal, Malaysia.

Remarks. Li & Ren (2008) reported this species in Henan; however, the genitalia
are quite different from those of L. haraldusalis (Walker, 1859) provided by Marumo
(1942). Meanwhile, their figure of the adult matches the original figure of L. insulsalis
(Lederer, 1863). Thus, their description actually refers to L. insulsalis (Lederer, 1863)
rather than L. haraldusalis (Walker, 1859). In addition, the species was wrongly recog-
nized as L. ficki by Yamanaka (2000). We correct their identification here.

Lista insulsalis (Lederer, 1863)
Figs 5, 17, 27

Paracme insulsalis Lederer, 1863: 339, pl. 6. f. 11.

Stericta rubiginetincta Caradja, 1925: 58; Lu and Guan 1953: 109.
Lista insulsalis (Lederer): Solis 1992: 283.

Lista haraldusalis (nec. Walker): Li and Ren, 2008: 35 (misidentified).

Diagnosis. The species differs from other species by rustier colored scales on the wings,
the uncus with two extremely elongated arms laterally located, and the slender pro-
cesses of the sacculus about twice as long as in other species.

Material examined. Hunan: Nanyue, 243892, 29.V.1974, Song Shimei (gen.
slide no. Ep13, Ep22); Hengshan, 18729, 29.V.1974, Song Shimei; Hengshan,
243192, 16.VIIL.1979, Zhang Baolin. Fujian: Wuyishan, 299, 12-17.VIIL.1979,
Song Shimei; Yezhou, 19, 13.V.1980; Jiangle, 22, 16.IX.1990; Wuyishan, 88329 9,
520-1260m, 24-30.VIL.2000, Song Shimei & Wang Jiashe. Zhejiang: Huangyan,
19, 26.IX.1962, Zhang Baolin; Tianmushan, 38329 ¢, 1-2.IX.1981, Song Shimei
(gen. slide no. Ep71); Lin’an, 883629, 1350m, 28-29.VIL.2003, Xue Dayong &
Han Hongxiang (gen. slide no. Ep510, Ep511, Ep512); Anji, 1319, 13.VIL.1995,
Wu Hong & Wang Zhengru; 19, 23.VIL.1996; Shaanxi: Luonan, 12, 8.IX.1980;
Liuba, 283399, 1350m, 19-24.VIL.1998, Yao Jian & Zhang Xuezhong (gen. slide
no. Ep513); Foping, 29 9, 950m, 23-24.VI1.1998, Yao Jian & Yuan Decheng; Ning-
shan, 1, 1580m, 27.VIL.1998, Yuan Decheng. Henan: Xinyang, 1, 250m, 20-21.
VI1.2002, Han Hongxiang. Guangdong: Dinghushan, 18, 29.VI1.2005, Chen Fuqiang
(gen. slide no. Ep541); Ruyuan, Nanling, 24'd, 865m, 15.VI1.2005, Chen Fugiang;
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Lianping, 19, 13.V.1973, Zhang Baolin. Jiangxi: Guling, 229, 30.VII-VIIL.1935;
Jiulianshan, 19, 11.VL.1975, Song Shimei; Lushan, 492, 16-30.VIL.1980, Song
Shimei; Luzhi, 13292, 30.VI-9.VII1.1980, Shanxi: Zhongtiaoshan, 49 ¢, VIIL.1978,
Zhu Huigqian. Jiangsu: 29 ¢, 21-26.VIIL.1933. Anhui: Huangshan, 14, 29.VIIL.1976.
Yunnan: Xishuangbanna, 18, 1200-1600m, 18.VIL.1958, Wang Shuyong; Luxi,
28319, 7-8.V.1980, Song Shimei; Yiliang, 83319, 19-20.VII.1982, Song Shimei;
Lufeng, 283, 22.V1.1982, Song Shimei; Yongsheng, 13, 2250m, 10.VIL.1984,
Liu Dajun; Shiping, 1J, 1650m, Liu Yongjie. Xinjiang: Urumgi, 19, 5.V1.1984;
Guangxi: Xing’an, 299, 5.V1.1984; Miaoershan, 1, 8.VIL.1985; Shangsi, 33 349 @,
250-300m, 27-29.V.1999, Yuan Decheng et al.; Jinxiu, 14299, 200-900m, 20—
29.V.1999, Li Wenzhu et al.; Shangsi, 19, 250-300m, 9.V1.2000, Zhu Chaodong.

Distribution. China (Hebei, Shanxi, Henan, Shaanxi, Gansu, Xinjiang, Jiang-
su, Anhui, Zhejiang, Hubei, Jiangxi, Hunan, Fujian, Taiwan, Guangdong, Hainan,
Guangxi, Sichuan, Guizhou, Yunnan), Russia, Korea, India, Sri Lanka, Myanmar,
Indonesia.

Remarks. The species was wrongly recognized as L. haraldusalis (Walker, 1859) by
Li and Ren (2008). We correct their identification here.

Lista longifundamena sp. n.
http://zoobank.org/B225247C-D569-44A9-A60D-A7D5054B6ADO
Figs G, 18, 28

Diagnosis. This new species is larger in body than other species of the genus. The spe-
cies is similar to L. gilvasa sp. n. Their differences are described under L. gilvasa sp. n.

Description. Adult. Forewing length 11.5-13.0mm (7 = 6). Head pale brown,
mixed with fuscous scales; labial palpus upturned, mixed with fuscous scales; maxillary
palpus pale yellow; antenna brown, scape extension fuscous, mixed with golden scales
in male. Thorax mixed with pale brown and black scales. Forewing covered with pale
brown, yellow and pink scales; postmedial fascia straight, yellow with brown edges,
outer area covered with fuscous and dark pink scales; cilia brown. Hindwing with simi-
lar pattern as forewing, but basal area mixed with black scales and outer area covered
with pink scales.

Male genitalia (Fig. 18). Uncus broad, suffused with dense setae, two spine-like
processes at base. Gnathos incurved apically, with four small spines at apex. Valva
slightly constricted from middle to apex, terminal margin truncated; costa slightly
sclerotized, sacculus with two processes in middle, the inner one spine-like, slender,
the outer one with mini spines at apex, a thin sclerotized plate from sacculus to centre
of valva. Juxta bifurcated at apex and with two strongly sclerotized slender arms at both
sides. Phallus slender, curved in middle, with a sclerotized plate-like cornutus.

Female genitalia (Fig. 28). Ovipositor broad, suffused with setae. Apophysis an-
terioris 1/3 longer than apophysis posterioris. Ductus bursae slender, membranous.
Corpus bursae elliptic, with two slightly sclerotized of rounded signa.
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Holotype. ¢, Hainan: Jianfengling, 18-20.IV.1982, Chen Zhiqin (gen. slide. no.
Ep531).

Paratypes. Hainan: 19, 16.111.1982, Zhang Baolin (gen. slide. no. Ep555); Ji-
anfengling, 243299, 4X1.1981, Liu Yuanfu (gen. slide. no. Ep122, Ep561); Jian-
fengling, 19, 18-20.1V.1982, Chen Zhigin; Jianfengling, 13, 4.X1.1981 (gen. slide.
no. Ep122).

Distribution. China (Hainan).

Etymology. The name is derived from Latin longus (= long) and fundamen (=
base), in accordance with the juxta and two long spines at base.

Lista menghaiensis sp. n.
http://zoobank.org/76C7AGOE-5A2F-46D8-9542-0492D1A76518
Figs 7,19, 29

Diagnosis. This new species is very similar to L. haraldusalis, but the basal area on the
forewing is slightly paler than the latter. In the male genitalia, the gnathos has three
spines at the apex in the new species while the gnathos has a serrated apex in L. haral-
dusalis. Furthermore, the sclerotized plate on the valva strongly extends toward the
outer margin in the new species.

Description. Adults. Forewing length 9.0-10.5mm (7 = 2). Head yellow, mixed
with blackish-brown; labial palpus upturned, mixed with pale yellow and black scales;
maxillary palpus pale yellow; antenna brown; scape extension black, mixed with yellow
scales in male. Thorax mixed with brown and fuscous scales. Forewing covered with
brown, yellow or pink scales; basal area mixed with yellow and pale brown scales; costal
margin with two black spots at middle and terminal trisection; postmedial fascia yel-
low with brown edges, outer area covered with dark pink scales; cilia brown. Hindwing
with same pattern as forewing.

Male genitalia (Fig. 19). Uncus broad, suffused with dense setae totally. Gnathos
with three spines at apex and two long spines 1/3 of gnathos at base medially. Valva
broad, with terminal smoothly incurved; sacculus with two processes in middle, the
inner one strong with apex serrated, the outer one thorn-like; a well-developed scle-
rotized plate from sacculus to center of valva, strongly extended toward outer manrgin.
Juxta bifurcated, blunt. Phallus slightly curved.

Female genitalia (Fig. 29). Ovipositor broad, suffused with setae. Apophysis
anterioris 1/4 longer than apophysis posterioris. Antrum incurved at apex. Ductus
bursae slender, membranous. Corpus bursae elliptic, with two signa, slightly rounded
sclerotized.

Holotype. &', Yunnan: Xishuangbanna, Menghai, 18.VIL.1958, Wang Shuyong
(gen. slide. no. Ep539).

Paratype. 1 9, same data as holotype (gen. slide no. Ep558).

Distribution. China (Yunnan).

Etymology. The species is named after the type locality, Menghai in Yunnan province.
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Figures 7-12. Adults. 7 Lista menghaiensis sp. n., male, holotype 8 L. plinthochroa (West, 1931), male
9 L. plinthochroa (West, 1931), female 10 L. sichuanensis sp. n., female, paratype | | L. variegata (Moore,
1888), male 12 L. variegata (Moore, 1888), female.

Lista plinthochroa (West, 1931)
Figs 8-9, 20, 30

Stericta plinthochroa West, 1931: 210.
Lista plinthochroa (West): Solis 1992: 283.

Diagnosis. This species is significantly different from others by the end of the abdo-
men with long hair-like scales. In the male genitalia, the valva broadens from the base
to the outer margin and the sclerotized plate on the valva extends toward outer margin.

Material examined. Sichuan: Emeishan, 333169 @, 800-1000m, 6.V-30.V1.1957,
Zhu Fuxing & Huang Keren (gen. slide no. Ep11, Ep518, Ep525, Ep6-1, Ep572);
Emeishan, 19, 9.V1.1979, Gao Ping; Qinchengshan, 184, 700-1600m, 30.V.1979 (gen.
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14

16

Figures 13-18. Male genitalia. 13 Lista angustusa sp. n., holotype, gen. slide no. Ep549 14 L. ficki
(Christoph, 1881), gen. slide no. Ep523 15 L. gilvasa sp. n., holotype, gen. slide no. Ep524 16 L. haral-
dusalis (Walker, 1859), gen. slide no. Ep527 17 L. insulsalis (Lederer, 1863), gen. slide no. Ep511 18 L.
longifundamena sp. n., holotype, gen. slide no. Ep122.

slide no. Ep520); Fujian: Sangang, Wuyishan, 18, 1.VL.1983, Mai Guoging; Sangang,
299, 740m, 6-17.VIL.1980, Zhang Yiran; Sangang, 19, 740m, 26.IV.2000, Wang
Jiashe. Yunnan: Pingbian, 19, 1500m, 8.V1.1956, Huang Keren. Gansu: Chengxian,
1d, 1020m, 4.VIL.1999, Yaojian; Kangxian, 1, 1400m, 8.VIL.1999, Zhu Chaodong
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Figures 19-22. Male genitalia. 19 Lista menghaiensis sp. n., holotype, gen. slide no. Ep539 20 L.
plinthochroa (West, 1931), gen. slide no. Ep543 21 L .sichuanensis sp. n., paratype, gen. slide no. Ep521
22 L. variegata (Moore, 1888), gen. slide no. Ep123.
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Figures 23-32. Female genitalia. 23 Lista angustusa sp. n., paratype, gen. slide no. Ep562 24 L. ficki
(Christoph, 1881), gen. slide no. Ep552 25 L. gilvasa sp. n., paratype, gen. slide no. Ep563 26 L. haral-
dusalis (Walker, 1859), gen. slide no. Ep557 27 L. insulsalis (Lederer, 1863), gen. slide no. Ep512 28 L.
longifundamena sp. n., paratype, gen. slide no. Ep555 29 L. menghaiensis sp. n., paratype, gen. slide no.
Ep558 30 L. plinthochroa (West, 1931), gen. slide no. Ep553 31 L. sichuanensis sp. n., paratype, gen. slide
no. Ep554 32 L. variegata (Moore, 1888), gen. slide no. Ep603.

(gen. slide no. Ep528). Taiwan: Pinglin, 19, 1000m, 13.IV.1984; Lianhuachi, 19,
11.VIIL.1984, Wang Xiaoyue. Guangdong: Nanling, 1319, 865m, 9-15.VIL.2005,
Chen Fugqiang. Jiangxi: Jiulianshan, 18699, 21.VI-30.VIL.1975, Song Shimei; Dayu,
1333799, 14.VI-16.VIIL.1975 (gen. slide no. Ep519, Ep553). Hainan: Jianfengling,
3dd, 26.111.1984, Song Shimei (gen. slide no. Ep543, Ep574, Ep576).

Distribution. China (Gansu, Jiangxi, Fujian, Taiwan, Guangdong, Hainan, Si-
chuan, Yunnan), Philippines.

Remarks. The species is reported in China for the first time.
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Lista sichuanensis sp. n.
http://zoobank.org/E3FB5DA9-91CA-4A47-BA7C-88D8702B513E
Figs 10, 21, 31

Diagnosis. This species is hard to distinguish by its external characters. It differs from
other species by the sacculus with a single process in the middle, while the sacculus
usually has two processes in other species. Furthermore, the sclerotized plate on the
valva is twice or three times as broad as others.

Description. Adults. Forewing length 11.0-12.5mm (n = 6). Head blackish-
brown; labial palpus upturned, mixed with fuscous and black scales, stronger in male;
maxillary palpus pale yellow; antenna brown, scape extension black, mixed with fus-
cous scales in male. Thorax mixed with brown and fuscous scales. Forewing covered
with brown, black and pink scales; base mixed with yellow and black scales; costal
margin yellow; postmedial fascia orange with brown edges, outer area covered with
pink and fuscous scales; cilia grey. Hindwing with same pattern as forewing.

Male genitalia (Fig. 21). Uncus broad, suffused with dense setae. Gnathos broad,
base extended to two strongly sclerotized spine-like processes laterally located, apex
with three spines. Valva nearly the same width from base to apex; costa extruded the
apex of valva; sacculus with a single spine-like process in middle; a well-developed scle-
rotized broad plate from sacculus to centre of valva. Juxta bifurcated with two pointed
plates at apex. Phallus slender, slightly curved.

Female genitalia (Fig. 31). Ovipositor broad, densely suffused with setae. Apoph-
ysis anterioris longer than apophysis posterioris. Ductus bursae slender, membranous.
Corpus bursae round, with two rounded signa, slightly sclerotized.

Holotype. &, Sichuan: Dukou, 14.VI.1981 (gen. slide. no. Ep521).

Parataypes. Sichuan: Qingchenshan, 14, 5.V1.1979, Shang Jinwen; same data as
holotype, 283299 (gen. slide. no. Ep554).

Distribution. China (Sichuan).

Etymology. The species is named after the type locality, Sichuan Province.

Lista variegata (Moore, 1888)
Figs 11-12, 22, 32

Scopocera variegata Moore, 1888: 203, pl. 7. f. 4.
Lista variegata (Moore): Solis 1992: 283.

Diagnosis. The species differs from others by the hindwing with pale yellow scales. In
the male genitalia, the center of the uncus has two spines, and the phallus is about half
as long as others.

Material examined. Xizang: Nielamu, Zhangmu, 13, 2232m, 12.V.1974, Zhang
Xuezhong; Motuo, Gedang, 19, 4.IX.1982, Lin Zai; Bomi, 13, 2700m, 5.IX.1983,
Han Yinheng (gen. slido no. Ep123); Linzhi, Niyanghe, 283, 3000m, 2.VIIIL.2006,
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Chen Fugqiang; Milin, Paixiang, 299, 2910m, 5.VIIL.2006, Chen Fuqiang; Bomi,
Zhamuzhen, 29 @, 2840m, 28.VII1.2006, Chen Fuqiang (gen. slide no. Ep603).
Distribution. China (Xizang), India.
Remarks. The species is reported in China for the first time.
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Introduction

The genus Aplastodiscus includes 14 nominal species in four monophyletic groups (Ber-
neck et al. 2016) with occurrence mainly in Atlantic Forest in Brazil and Argentina
(Frost, 2016). The species are stream-breeding treefrogs, usually of green color and
medium size. The A. perviridis species Group includes A. perviridis Lutz 1950 and
A. cochranae (Mertens 1952), which share, among other characters, bicolored irises,
no webbing between toes I and II, and reduced webbing among their remaining toes
(Garcia et al. 2001).

Berneck et al. (2016) recently reviewed the taxonomy and phylogenetic relation-
ships of all Aplastodiscus species and suggested a third species for the A. perviridis Group,
the “Aplastodiscus sp. 3”. This species was previously called A. perviridis by the previous
authors (Garcia et al. 2001; Bastos et al. 2003; Morais et al. 2012; Valdujo et al. 2012).
Herein, on the basis of morphology and advertisement call, this species is described as
new, and its monophyly tested. In addition, its geographical distribution and conserva-
tion status are discussed.

Materials and methods

Descriptions of adults and their calls
The following measurements follow Duellman (1970):

SVL  snout-vent length,

HL  head length,

HW  head width,

ED  eye diameter,

TD  tympanum diameter,

END eye-nostril distance,

IOD interocular distance,

THL  thigh length,

FL foot length; including tarsus.

However, the tibia length (TBL) follows Heyer et al. (1990). Measurements are in
millimeters and were taken with a digital caliper and, except for SVL, HL, HD, THL,
and TBL, under a stereomicroscope. The webbing formula follows Savage and Heyer
(1967) and Myers and Duellman (1982). Adult males were collected while calling and/
or recognized by the presence of vocal slits.

The adult specimens are housed in the following Brazilian collections: Célio E.
B. Haddad collection (CFBH) at the Universidade Estadual Paulista, Rio Claro, SP;
Colegao Herpetoldgica da Universidade de Brasilia (CHUNB) at the Universidade de
Brasilia, Brasilia, DF; Museu de Ciéncias Naturais da Pontificia Universidade Catdlica
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de Minas Gerais (MCN-AM), Belo Horizonte, MG; and Cole¢ao de Anuros da Uni-
versidade Federal de Uberlandia (AAG-UFU), Uberlandia, MG.

Males of the new species were recorded in the Municipality of Alto Paraiso de
Goids, Goids State (N = 6) and Brasilia, Distrito Federal. For comparative purposes,
males of A. perviridis were recorded at the type-locality (N = 5), in Serra da Bocaina, Sao
José do Barreiro, Sao Paulo State. Calls were recorded with a Marantz PMD 671, a Boss
BR-864 (both with a Sennheiser ME67/K6 microphone) or a MicroTrack (MEG6G6/
K6 microphone), all set at 44.1 kHz and 16-bit resolution. Calls were recorded from
50 to 150 cm from calling males, and 10 to 15 calls were analyzed for each male.
Acoustic variables were analyzed with RAVEN PRO 1.5, 64-bit version (Bioacoustics
Research Program 2014); terminology used for call features were according to Raven’s
manual (Charif et al. 2010). A 500 Hz high pass filter was applied prior to call analyses
and figuring to reduce wind noise interference. Sound figures were obtained with the
SEEWAVE 1.6.4 (Sueur et al. 2008) R package (R Development Core Team, 2012, v.
2.15.1), settings used were the Hanning window, 85% overlap, and 256 points reso-
lution. Measured call parameters were: 1) call duration (CD), 2) peak of dominant
frequency (PDF), 3) lower dominant frequency (LDF), 4) higher dominant frequency
(HDEF), 5) time to frequency peak (TFP) (expressed as % of call duration). All calls used
in descriptions are housed at the AAG-UFU collection (Suppl. material 1, Table 1).

Laboratory protocols and genetic distance calculation

The extraction of DNA was carried out using ethanol-preserved tissues and the DNeasy
isolation kit (Qiagen, Valencia, CA, USA). We carried out DNA amplification in a
25 pL volume reaction using master mix Fermentas Taq Polymerase and reagents. The
Polymerase chain reactions (PCR) included an initial denaturing step of 30s at 94 °C,
followed by 35 cycles of amplification with a final extension step at 72 °C for 6 min. The
products of PCR were sent for sequencing to Macrogen, South Korea. We sequenced
DNA fragments in both directions to minimize potential errors. The chromatograms
were read and edited using SEQUENCHER 3.0 (Gene Codes, Ann Arbor, MI, USA)
and complete sequences were edited with MEGA 6.06 (Tamura et al. 2013). The dis-
tance estimations of genetic p-distances were calculated in MEGA 6.06 for the regions
delimited by the primers 16sAR (Palumbi et al. 1991), Wilk2 (Wilkinson et al. 1996),
and COI (Jungfer et al. 2013), considering d:transitions + transversions, uniform rates
among sites, and gaps/missing data as complete deletion. A list of vouchers, GenBank
accession numbers, and locality data is available in Suppl. material 2.

Phylogenetic analysis and taxon sampling

Berneck et al. (2016) studied Aplastodiscus in a wider context and consequently includ-
ed only one specimen of the species described here. Therefore, we carried out a reduced
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phylogenetic analysis that included all terminals of the A. perviridis Group analyzed by
Berneck et al. (2016) and four specimens of the species described here. As outgroups,
we included two terminals of the A. albosignatus Group and two of the A. albofrenatus
Group, rooting the tree in the A. sibilatus Group (see Berneck et al. 2016). The dataset
used for the analysis were the fragments delimited by the primers 16sAR, Wilk2, and
COI forward and reverse.

Sequence alignments were performed in Clustawl (Thompson et al. 1994) under
MEGA 6.06. For the phylogenetic analysis T.N.T Willi Hennig Society Edition was
employed (Goloboff et al. 2008) with searches by “new technology”, search level 50,
sectorial searches included, tree drift, and tree fusing (Goloboff 1999), hitting the best
length 100 times. Parsimony Jackknife absolute frequencies (Farris et al. 1996) were
also estimated using “new technology” and requesting 10 hits, driven searches, and
1000 replicates. Edition of trees were made with FIGTREE (Rambaut 2014).

Results

Aplastodiscus lutzorum sp. n.
http://zoobank.org/ C506C42B-20FF-41B6-9E5F-177E50C3415F
Figs 1, 2

Aplastodiscus perviridis Garcia et al. (2001)
Aplastodiscus perviridis Bastos et al. (2003)
Aplastodiscus perviridis Morais et al. (2012)
Aplastodiscus perviridis Valdujo et al. (2012)
Aplastodiscus sp. Santoro and Brandao (2014)
Aplastodiscus sp. 3 Berneck et al. (2016)

Holotype. (Figs 1 and 2) AAG-UFU 864. Adult male collected at Fazenda Sao Bento
(14°09'39"S, 47°34'55"W/; 1150 meters above sea level), Municipality of Alto Paraiso de
Goids, Goids State, Brazil, on 12 December 2011, by A. A. Giaretta and K. G. Facure.

Paratypes. CFBH 22777-80, four adult males collected at Fazenda Agua Lim-
pa, Brasilia, Distrito Federal (15°56'55.45"S; 47°56'17.83"W) on 18 February 2009.
AAG-UFU 863, 865-867 and AAG-UFU 1639 collected on December 2012, AAG-
UFU 3343 on 29 November 2013, AAG-UFU 3350-51, 5073-76, 5091, AAG-UFU
0867, adult female, all collected with the holotype. CHUNB 17015-17016 adult males
collected on 31 December 1995 at Alexania, Goids (16°5'42.00"S; 48°31'20.60"W),
CHUNB 17018, adult male collected on 12 December 1985 at Alexinia, Goids, and
CHUNB 74504—74508 adult males from Fazenda Agua Limpa, Brasilia, Distrito Fed-
eral, collected on March 2013. All localities are in Brazil.

Referred specimens. All males. MCN-AM 8809-12 and 8767-72 from AHE
Queimado, Unai, Minas Gerais (16°20'55.51"S; 46°52'48.93"W), collected on Febru-
ary—March 2007.
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Figure 1. Holotype of Aplastodiscus lutzorum sp. n. (AAG-UFU 864). A Lateral view of head B dorsal

view of head C plantar view D palmar view. Scale bar 12 mm.
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Figure 2. Dorsal and ventral views of the Holotype of Aplastodiscus lutzorum sp. n. (AAG-UFU 864).

Diagnosis. Aplastodiscus lutzorum sp. n. belongs to the A. perviridis Group and
thus bears bicolored irises, lacks webbing between toes I and II, has reduced webbing
among the remaining toes, and lacks peri-cloacal ornamentation. The new species is
diagnosed by its small SVL for the A. perviridis Group (30-36 mm) and by the adver-
tisement call 2.5 times longer.

Description of holotype. Adult male: head 20% wider than long; snout rounded
in profile, nearly rounded in dorsal view; canthus rostralis curved; loreal region con-
cave; nostrils ovoid; internarial region grooved. Supratympanic fold distinct, from
posterior corner of orbit to insertion of forearm; tympanum distinct, almost circular;
tympanum diameter 48.5% of eye diameter. Upper eyelid smooth as the dorsum.
Thoracic fold just discernible. External vocal sac single, subgular, and expanded.
Fingers long, slender, no lateral fringe, bearing discret round terminal discs; relative
lengths of fingers 1, II, IV, III; similar sized discs on fingers II, III and IV, larger than
disc of Finger I. Diameter of disc of Finger III equals to diameter of Toe IV, about
42% eye diameter. Subarticular tubercles well defined, rounded; supernumerary tu-
bercles poorly defined on palm, rounded; inner metacarpal tubercle large, rounded,
about four times the size of subarticular tubercles; other metacarpal tubercle barely
defined; spine of prepollex absent; no nuptial pads; ulnar crest barely defined. Hand
webbing formulae: I-1T 2-3 IIT 2*-2 IV. Tarsal texture smooth; tarsal fold discrete,
extending to the entire length of tarsus; heel smooth; inner metatarsal tubercles large,
elongate, three times the size of foot subarticular tubercles; outer metatarsal tubercle
absent; subarticular tubercles distinct, large, and rounded, diameter about 3/4 width
of terminal disc on the same toe; supernumerary tubercles absent; toes long, slender,
without lateral fringe; toes bearing rounded discs, smaller in diameter to those of
fingers II-IV. Foot webbing formula: T 2*- 3" IT 2*- 3"2 III 2*- 4 IV 3*- 2V. Supra
cloacal fold absent. Skin on dorsum smooth; skin on throat, belly, ventral surface of
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Table I. Acoustic variables of the advertisement call of topotypes Aplastodiscus perviridis and A. lutzorum

sp. n. n = number of recorded males.

A. lutzorum sp. n. (n = 12 A. perviridis (n =
Call Features Range Msan (S(D) : ange Mea.n( (SD?

Call Duration (seconds) 0.26-0.40 0.32 (0.05) 0.12-0.15 0.13 (0.01)
Higher Frequency (kHz) 2334-2647 2468 (97) 2419-2750 2519 (135)
Lower Frequency (kHz) 1494-1732 1595 (76) 1587-1806 1690 (82)
Dominant Peak (kHz) 1884-2156 2027 (79) 1981-2153 2078 (66)
Time to Frequency Peak (%) 49-70 61 (7) 23-38 34 (6)
Air temperature range 19-22°C 16-19 °C
Record hour 20:00-22:00 h 20:30-21:00 h

Table 2. Measurements (in millimeters) of the type-series of Aplastodiscus lutzorum sp. n. Abbreviations
are: SVL (snout-vent length), HL (head length), HW (head width), ED (eye diameter), TD (tympa-
num diameter), END (eye-nostril distance), IOD (interocular distance), THL (thigh length), TBL (tibia
length), and FL (foot length).

Measurement Holotype Female paratype Males paratypes N = 25 (Mean)
SVL 34.6 33.7 30.7-36 (33.5)
HL 10.6 11.4 8.8-11.4 (10.5)
HW 11.4 11.1 10.5-12.4 (11.4)
ED 33 34 337 (3.4)
TD 2.1 2.4 1.5-2.4 (2)
END 3.2 3.1 1.6-3.3 (2.7)
10D 5.3 5.7 4.5-5.9 (5.4)
THL 18.1 16.2 12-18.7 (17)
TBL 15.8 16.4 14.2-18.5 (16)
FL 18.3 18.8 14.9-19.6 (17)

thigh, and arm granular. Dorsal and dorsolateral surfaces almost entirely pale yellow
with small dark spots or mottles on dorsal surfaces. Belly pale yellow. Measurements
of the holotype (mm): SVL 34.6, HL 10.6, HW 11.4, ED 3.3, TD 2.1, END 3.2,
IOD 5.3, THL 18.1, TBL 15.8, and FL 18.4 (Table 2).

Color in life of the type-series: Dorsal head surface dark green, almost olive. Dorsal
body surface and flanks yellowish green with small and scattered melanophores. The
superior third of eye is golden, whereas the inferior 2/3 is red copper. Eye surrounded
by a black ring. Vocal sac bluish green. In preservative, colors fade to pale beige and the
dorsum shows several dark brown dots, making it darker than other parts of the body.
The belly is uniformly pale yellow.

Variation in the type series. The main variation in type series is the body size
(Table 2). Small brown chromatophores are along the dorsal skin; but the amount of
these chromatophores is variable, ranging from sparse to dense.

Calls. Advertisement calls of A. lutzorum sp. n. (Figure 3 and 4, Table 1) are long
regularly-spaced single notes released at a mean rate of 39 calls/minute (SD = 8; n =12
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Figure 3. Above, audiospectrogram and oscillogram of three advertisement calls of the holotype of
Aplastodiscus lutzorum sp. n. (Chapada dos Veadeiros, 12 December 2011, air temperature 20 °C); the
background calls are from another male calling in antiphony. Bellow, audiospectrogram and oscillogram
of three advertisement call of A. perviridis (Serra da Bocaina, 10, January 2012, air temperature 16 °C).

males). Calls resemble a whistle lasting around 0.26-0.40s. Most of the energy is be-
tween 1,494-1,732 Hz and 2,334-2,647 Hz, peaking between 1,884-2,156 Hz. Call
exhibits an ascending frequency modulation, reaching its maximum between 49—-70%
of the call duration.
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Figure 4. A comparison between duration and frequency peak time of Aplastodiscus lutzorum (N = 12 males)
and A. perviridis (N = 5 males). In both samples, calls are of topotypes.

Aplastodiscus perviridis advertisement call (Figure 3 and 4, Table 1) is released in
groups of 1-11 (mode = 5-7); within groups, call released at a rate of 140/min. Calls
resemble a short whistle lasting around 0.12-0.15 s. Most of the energy is between
1,587-1,806 Hz and 2,419-2,750 Hz, peaking between 1,981-2,153 Hz. Call with
an ascending frequency modulation, reaching its maximum between 23-38% of the
call duration. The advertisement call of A. cochranae is described by Garcia et al. (2001)
as being barely indistinguishable from the call of A. perviridis.

Natural history and geographic distribution. All specimens of Aplastodiscus hurzo-
rum sp. n. were collected along gallery forests with scattered buriti (Mauritia flexuosa) palm
trees within the Cerrado Biome (see also Brandio and Araujo, 2002; Morais et al. 2012;
Santoro and Brandao, 2014) (Figure 5). A female bearing large oocytes seen by the trans-
parency of the body walls was found in mid-December and calling males were found from
December to March. Males call during the night in proximity of riverine forests (< 2m),
perched on leaves or branches from the water level to 5 m high (Figure 6). Aplastodiscus per-
viridis males call during the night along swamps in open areas, perched on grass leaves or
bushes bordering streamlets, from 0.5 m to 3 m high. Tadpoles are unknown. Sometimes,
the species also uses places with wet and soft mud soil, covered by a layer of dense bush, in
places where the forest was removed, but is under secondary growth. Sympatric frog species
were Hypsiboas ericae (Caramaschi and Cruz, 2000) and H. albopunctatus (Spix, 1824). All
localities where A. lutzorum sp. n. was found are 1000 m above sea level or more.

Etymology. The new species is named after the Brazilian scientists Adolfo and
Bertha Lutz, who were pioneers in discovering and studying Aplastodiscus and some
species of Hyla now included in the genus Aplastodiscus.
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Figure 5. Geographic distribution of Aplastodiscus cochranae (pink triangles), A. perviridis (green circle),

and A. lutzorum sp. n. (blue squares, blue star indicates its type-locality). Note that A. lutzorum shows a
disjunctive distribution regarding the other Aplastodiscus species, occurring deep within Cerrado Biome.

Comparison with congeneric species. Aplastodiscus lutzorum sp. n. can be distin-
guished from the species of other groups of Aplastodiscus (A. albosignatus, A. albofrena-
tus, and A. sibilatus groups) by the presence of bicolored irises, the lack of the webbing
between toes I and II, the webbing among the remaining toes reduced, and the absence
of peri-cloacal ornamentation. The new species is diagnosed from A. perviridis and A.
cochranae by having smaller SVL (30-36 mm SVL in the new species, 38—44.7 mm in
A. perviridis, and 41-46.4 mm in A. cochranae) and longer advertisement calls (0.38—
0.42 in new species, 0.14-0.17 in A. perviridis and 0.10-0.18 in A. cochranae). From
A. cochranae it can be also distinguished by the green dorsal color in life (A. cochranae is
brown) and by the absence of a brown line on the loreal region and a white line in the
cloacal region (both present in A. cochranae). (Figures 1—4; Tables 1 and 2).

Phylogenetic relationships and genetic p-distances. The two DNA fragments
aligned and concatenated resulted in a matrix of 1,227pb. Our analysis recovered four
most parsimonious trees with 808 steps each (Figure 7). The differences in topology
among these trees are the position of A. lutzorum sp. n. specimens from different locali-
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Figure 6. A The habitat of A. lutzorum sp. n.: flooded gallery forests B A male in calling activity at Fazenda

Agua Limpa, Brasilia, Distrito Federal, Brazil.

Aplastodiscus sibilatus
92 A. ehrhardlti
_:A. eugenioi
{A. cavicola
A. leucopygius
A. lutzorum sp. n. Alto Paraiso, GO (AAG-UFU1333)

* * A. lutzorum sp. n. Alto Paraiso, GO (AAG-UFU741)
A. lutzorum sp. n. Brasilia, DF (CFBH22778) %
A. lutzorum sp. n. Brasilia, DF (AAG-UFU1316)
99 A. lutzorum sp. n. Brasilia, DF (AAG-UFU1317)
99 A. cochranae (CFBHT14968) Q
A. cochranae (CFBH3001) >
A. perviridis (CFBHT270)
A. perviridis (MACN37791)
A. perviridis (Topotype)
%~ A. perviridis (CFBH71993)
A. perviridis (AAG-UFU1259)

Figure 7. One of the four most parsimonious trees recovered. Asterisks indicate 100% Parsimony Jackknife ab-
solute frequency; only values above 75% are shown. See Suppl. material 2 for details and complete locality names.

ties. Aplastodiscus lutzorum sp. n. were recovered as a monophyletic group with 100%
Parsimony Jackknife Support (hereafter PJS) being the sister species of A. perviridis
plus A. cochranae. The A. perviridis plus A. cochranae clade is low supported (54% PJS)
and both species are supported by 99% of PJS each. The p-distances calculated for
16s of species in the A. perviridis Group range from zero to 5.9% (for all distances see
Table 3). The internal distances among specimens of the new species range from zero
t0 0.93%. The p-distance in 16s between the new species and A. perviridis is 4.4-5.8%
and between the new species and A. cochranae is 4.0-4.5%.
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Table 3. Uncorrected pairwise sequence distances (p-distances) of the Cytochrome ¢ oxidase subunit 1
(above the diagonal) and 16s fragments (below the diagonal) for the species of the Aplastodiscus perviridis
species Group. See the Material and methods section for the primers that delimitate each fragment. Values
are in percentage.

1] 234 5|67 8] 9] 10]11] 12
A. cochranae CFBH3001
L e ucimado SC | — | 1061913 | = | = 955 892/ 977 | 998 |9.77 | 892 |10.19
A. cochranae CFBHT 14968
2 b, SC. L — 1934 — | = 977|934 998 |10.19]9.98 | 9.13 | 10.4
A. lutzorum sp. n.
3| bt e 1428 = || = | = 042042 104 | 934|998 | 9.13| 955
A. lutzorum sp. n. AAG1316
4 Brasilia, DF 428) - 1056 — - - - - - - - -
A. lutzorum sp. n. AAG1317
5 A S 409 — 0370019 — | — | = | = | = - | -] -
6 | A lurzorum sp. n. AAGI333 | 4 00| 1371019| 0 | — |0.85|10.19] 9.13 | 977 | 8.92 | 9.55
Alto Paraiso, GO
7 | A luzorum sp. 0. AAGTAL | ol 10931019 1056 0.56 | — | 10.4 | 9.34 | 9.98 | 9.13 | 9.55
Alto Paraiso, GO
8 A'Pf’”i’frdi‘CFBHIE‘l” 335 — | 52|52 |502(502558] — | 53 637403 5.1
opotype
A. perviridis CFBH7195
O | Pl sp| 16| = 5:39]539| 52| 5.2 576|223 | — | 616|425 | 0.64
10 [ perviridis CEBHT270 Sao ) o3 |4 esl 483 | 465 | 465|502 | 279 | 242 | — | 2.76 | 5.9
Bento do Sul, SC
11| A pervinidis MACNSTTOL |5 ol |5 761576 | 558 | 5.58 | 5.95 | 335 | 3.16 | 093 | — | 4.03
Misiones, Argentina
12| A pervinidis ANGI259 1) o0l 5391539 52 | 52 |5.76] 223 | 037 | 242 2.97 | —
Atibaia, SP
Discussion

The A. perviridis Group now includes a third species, Aplastodiscus lutzorum, a spe-
cies diagnosed mainly by its advertisement call, small size, and genetic differentiation.
Genetic p-distances and phylogenetic topology support our hypothesis of the new
species. Garcia et al. (2001), when re-describing A. perviridis, included six specimens
that here we recognize as Aplastodiscus lutzorum (CHUNB 404; 268-70; 1378; 1704)
the minimum snout-vent lengths values of A. pervirids in that work overlaps the SVL
of the new species. Garcia et al. (2001) also discuss an unusual condition for any anu-
ran species, observed in A. perviridis and A. cochranae: identical advertisement calls
with clearly distinct coloration (A. cochranae is the only brown species of the genus).
The description of the advertisement calls of A. perviridis in Garcia et al. (2001) were
based on specimens from Ribeirao Branco (Sao Paulo State) and so, do not belong to
A. lutzorum. The identical advertisement call shared by A. perviridis and A. cochranae
highlight the taxonomic importance of the differences we found in A. lutzorum.
Berneck et al. (2016) included only one specimen of the A. lutzorum (as Aplastodis-
cus sp. 3), therefore the monophyly of the new species was tested for the first time by
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our analysis. Berneck et al. (2016) recovered Aplastodiscus lutzorum as a sister species of
A. cochranae, a topology not corroborated by the present work, where the new species
is a sister species of A. cochranae plus A. perviridis. In the present work, the node of A.
perviridis plus A. cochranae is supported by less than 70% of PJS while in Berneck et al.
(2016) the node of A. lutzorum plus A. cochrane was pootly supported (also less than
70%). Those are possibly the reason of the instability in the internal relationships of
members of the A. perviridis Group. However, our dataset and taxon sampling is very
reduced in relation to that of Berneck et al. (2016) and so the analysis of these authors
is preferable for relationships of Aplastodiscus species.

The scope of this paper was not to test biogeographic hypotheses. However, Aplasto-
discus lutzorum is the only species of Aplastodiscus that occurs deep in the Cerrado Biome
(see Silva et al. 2006) with a disjunctive distribution from its sister species of the Atlantic
Forest (Valdujo et al. 2012). Therefore, it seems interesting to point out some remarks
on its geographic distribution pattern (Figure 5). The new species has been reported in
several localities in the Brazilian Central Plateau and our topology suggests an origin of
the A. perviridis Group in the Brazilian Central Plateau (Figure 7). However, the low
PJF support of the clade A. perviridis + A. cochranae and the incongruence between our
topology and that of Berneck et al. (2016) make any further inference premature.

A population from the dam of Queimado in the municipality of Unai, in the state
of Minas Gerais, Brazil (an area flooded by the construction of a hydroelectric station)
was included as “referred specimens” for A. lutzorum The conservation status of this
population is unknown. We consider the new species to be listed as a “Least Concern”,
due to the fact that most of its area of occurrence is in protected places, such as the
Parque Nacional da Chapada dos Veadeiros, Area de Relevante Interesse Ecolégico
(ARIE) do Capetinga/Taquara (Fazenda Agua Limpa), Estagio Ecolégica de Aguas
Emendadas, and Floresta Nacional de Silvania.

Goin (1961) suggested that Chorophilus cuzcanus Cope, 1878 should be an Aplas-
todiscus, but had not stated that it was Aplastodiscus perviridis (as pointed out by Frost,
2016). Lutz (1968) suggested that C. cuzcanus was possibly a second species of Aplas-
todiscus at that time. According to Frost (2016), the combination Chorophilus cuzcanus
is a junior synonym to both A. perviridis and Gastrotheca marsupiata (Duméril and
Bibron 1841). We recognize only the synonym of Duellman and Fritts (1972) for G.
marsupiata as valid; therefore A. perviridis has no junior synonyms.
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Abstract

Eight species of falcons (Falconidae) have been recorded in Chile. To date, all relevant studies considered
birds of prey in general, with no specific focus on this family. Based on a comprehensive review of the liter-
ature, an updated report is presented on the state of knowledge of falcons in Chile. This data set comprises
a total of 165 studies published from 1915 to 2015. Scientific productivity was lowest in 1945-1955 and
highest in 2005-2015, with a steady increase since 1985. However, the focus of research in Chile is biased
towards two species: Milvago chimango and Falco sparverius. Two administrative regions, Santiago Metro-
politan Region and Araucania, were the most studied whereas Arica, Tarapacd, and Antofagasta regions
accounted for fewer than 1% of the studies. Faunistic studies (including abundance) were the most com-
mon research topic. It is suggested that the lack of knowledge regarding species in the genus Phalcoboenus
may negatively affect the conservation status of these species, and believed that the lack of preference for
certain research topics, such as systematics and natural history, are the result of historical factors including
the decrease of field biology and perhaps a biased interest of the researchers. Finally, this review highlights
the paucity of information on falcons and provides a framework for directing future research.
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Introduction

Falcons (family Falconidae) are small to medium sized, exclusively diurnal birds of
prey, which are top predators inhabiting a broad range of habitats (Ydnez et al. 1982,
Biondi et al. 2005). Falcons are considered good indicators of ecological and envi-
ronmental health (Rau and Jaksic 2004), as are other birds of prey (Pfeiffer and Mey-
burg 2015). They fulfil an important role maintaining control over plague species and
regulating the ecosystem (Rau 2014). The 64 species are grouped in 11 genera and 2
subfamilies: Polyborinae (caracaras and forest falcons) and Falconinae (true falcons
and falconets) (White et al. 1994). Eight species of falcons inhabit Chile: five species
of caracaras (Caracara plancus (Miller 1777), Milvago chimango (Vieillot 1816), Phal-
coboenus albogularis (Gould 1837), P. australis (Gmelin 1788), and P. megalopterus
(Meyen 1834)), and three Falconinae (Falco femoralis (Temmnick 1822), F. peregrinus
(Tunstall 1771), and F. sparverius (Linnaeus 1758)).

Research and reviews in Chile have mostly focused on birds of prey in general. A
review was carried out by Mufioz-Pedreros and Norambuena (2011), who covered a
period of 200 years, and focused on publication type, temporal trends, and research
topics. Although only covering 30 years of scientific research, Raimilla et al. (2012)
identified a marked bias towards nocturnal species, centering on diet and reproductive
aspects. Two other reviews focused on one type of bird of prey. Figueroa et al. (2015)
focused on the biology of owls in Chile and relevant conservation strategies. Figueroa
(2015) documented a lack of research on the natural history of Milvago chimango. All
these investigations are significant as they expose a deficiency in information, and thus,
indicate where more research is warranted, regardless of possible limitations typical to
this type of studies as indicated by Bimrose et al. (2005). Limitations may include a
limited temporal scope, insufficient access to information, and the selection and clas-
sification of studies.

Our aim is to describe the current state of knowledge regarding falcons in Chile
based on a comprehensive review of the literature. We identify deficiencies in tempo-
ral, thematic, geographic, and species-specific knowledge, discuss the possible causes
and suggest directions for future research.

Methods

The bibliographical review consisted of an exhaustive search of the ornithological lit-
erature on falcons in Chile, published between 1915 and 2015, and presented in scien-
tific publications, national and international journals (both indexed and non-indexed),
books, book chapters, and undergraduate and graduate theses (only those with online
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free access). Relative productivity was measured and compared across time (10 year
intervals beginning in 1915), space (administrative regions), subject (research topic),
and species.

We classified research topics into 13 categories identified by Mufioz-Pedreros and
Norambuena (2011). However, due to the lack of literature for some topics, only
11 applied to our data set: Natural History (NH): studies that cover descriptions of
morphology, distribution, identification, ecology, and systematics. Field manuals and
monographs also fall into this category; Systematics and Taxonomy (ST): studies on
classification, description of new species, species reviews, and phylogenetic analyses;
Distribution and Biogeography (DB): studies focusing on distribution patterns, up-
dates in distribution ranges, and the study of processes which originate and modify said
distribution; Faunistics, Biodiversity, and Abundance (FBA): studies with observation
data, new registries, sightings, species diversity, and abundance data. Studies that pre-
sent abundance data are considered in this category, as ecologic studies contemplate
gathering said data along with visual observations and registries, which coincide with
the most common methodologies (see: Bibby et al. 1993); Diet and Trophic Ecology
(DTE): these studies exclusively observe the feeding preferences of the species, stom-
ach content, pellets, trophic position, trophic chains, and feeding activity; Reproduc-
tion and Development (RD): studies related to reproductive characteristics, courting,
fertilization, nesting, hatching, number of hatchlings, waiting period in the nest, em-
bryo development, and yearly development period; Ethology, Migration, and Home
range (EMH): studies on migratory behavior, patterns, and habits, and home range ac-
cording to the definition by Burt (1943) as the area occupied by an individual during
feeding, mating, and nestling care; Parasitology and Medicine (PM): studies related
to the internal or external parasitic flora of the species, new parasite species registries,
clinical data, medical reports, and veterinary procedures; Conservation and Legislation
(CL): studies regarding conservation plans, conservation state, anthropogenic effects,
environmental legislation, hunting manuals, and hunting and closed-season reports;
Study Methods and Techniques (SMT): studies on sample recollection and manipula-
tion, notes on observation and data registry, and comparisons between study methods;
and “Environmental Education and Science Outreach” (ESO): studies that focus on
teaching environmental sciences by using birds of prey to a non-specialists audience.

Publications which did not explicitly mention the scientific or common name(s)
of the study species were omitted from our data set.

Results

A total of 165 studies between 1915 and 2015 included scientific data on falcons
in Chile. The most studied research topics were “Faunistics, Biodiversity, and Abun-
dance” and “Diet and Trophic Ecology” with 63 and 34 studies, respectively. “Study
Methods and Techniques” and “Environmental Education and Science Outreach”
were the least studied topics, with 5 and 1 publications, respectively (Figure 1). The
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Figure |. Relationship between different lines of investigation: (FBA) Faunistics, Biodiversity, and
Abundance, (DTE) Diet and Trophic Ecology, (DB) Distribution and Biogeography, (CL) Conservation
and Legislation, (PM) Parasitology and Medicine, (EMH) Ethology, Migration, and Home environment,
(RD) Reproduction and Development, (NH) Natural History, (SMT) Study Methods and Techniques,
(ST) Systematics and Taxonomy, and (ESO) Environmental Education and Science Outreach.

highest productivity was observed during the last 10 years (2005-2015) with 52 pub-
lications, in contrast with the decade between 1945 and 1955 which only presented
one study (Figure 2). Of the administrative regions (Figure 3), Metropolitan Santiago
was best represented with 15% of contributions, followed by Araucania with 14% and
Los Lagos and Magallanes with 13% each. The O’Higgins region contributed no stud-
ies. Most (78%) studies were scientific papers, followed by books (11%), and books
chapters (10%). Only 1% of publications were theses. Across species, M. chimango,
E sparverius, and E pererinus were most often mentioned, with 23, 23, and 20% of
contributions, respectively. The remaining species contributed fewer than 11% of cita-
tions (Figure 4).

In the following section, results are summarized for each one of the research topics:

Natural history. The natural history of falcons in Chile is poorly documented.
Studies by Quijada (1917), Housse (1934; 1937), and Barros (1960) regarding M.
chimango, by Housse (1935) regarding F. sparverius, and Housse (1936a) regarding C.
plancus discuss aspects of morphology, behaviour, reproduction, development, forag-
ing, and as well as anecdotal observations of daily activity. Particularly, the complete
reproductive cycle of P. megalopterus was described by Housse (1937), whereas data
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NUMBER OF SCIENTIFIC STUDIES

15" 25" 35" 45" 55" 65" 75" 85 95' 05-15
DECADES (1915-2015)

Figure 2. Number of studies regarding the Falconidae family published in the last century (from 1915
to 2015).

are missing for the remaining species. Figueroa (2015) analyzed the scarce literature
regarding the natural history of M. chimango.

Systematics and taxonomy. The systematics and taxonomy of falcons have been
clarified by Fuchs et al. (2012, 2015). They reported polyphyly of the genus Milvago,
and found that M. chimango is part of the Phalcoboenus clade and should be transferred
to this genus (Fuchs et al. 2012). The genus Falco was found to be monophyletic
(Fuchs et al. 2015). There is little information regarding intraspecific variation and
evolution of falcons in Chile. Falco sparverius fernandensis was described by Chapman
(1915). Two subspecies of M. chimanago are known: M. chimango temucoensis (Sclater
1918) is found is most of Chile (Housse 1934) and M. chimango fuegiensis (Johnson
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L)
[

Figure 3. Relative abundance of studies published for each administrative region of Chile.

and Behn 1957), which is endemic in Tierra del Fuego. The latter subspecies is no
longer recognized as a valid taxon by most taxonomists (e.g. Dickinson & Remsen
2013). Drouilly’s (1968) identification key provides accurate diagnostic recognition
characteristics for species classification. McNutt (1984) established that the pale col-
oration in F. peregrinus is recessive in the genotype of the species.
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Figure 4. Relative bibliographic importance according to circulation medium and researched species.

Distribution and biogeography. The genera Falco (Kleinschmidt 1929; Reynolds
1934; Bullock 1949; Torres 1970; Araya et al. 1974; Schlatter 1976; Araya and Mil-
lie 1998), Caracara (Reynolds 1934), and Milvago (Jaksic et al. 2002) can be found
from Arica to Magallanes regions. Among Phalcoboenus, P. megalopterus is the most
widely distributed species occurring from the extreme north (Hellimayr 1932) south
to Magallanes (Jaksic et al. 2002); P. albogularis (Vuilleumier 1985, Cursach et al.
2009) has been sighted once in the central area of Chile, and P. australis is limited to
the extreme south (Reynolds 1934, Drouilly 1968, Collar 1986, Marin et al. 20006).

Faunistics, biodiversity, and abundance. During an extended period, only the pres-
ence or absence of species was documented without attention for abundance (e. g.
Jaffuel Pirion 1927, Gigoux 1928, Bullock 1929a, Bullock 1929b, Reynolds 1934,
Housse 1936b, Philippi 1937, Barros 1937, Bullock 1938, Millie 1938, Larrain 1939,
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Araya et al. 1974, Cody 1970, Keith 1970). Population estimates began with gen-
eral ornithofaunal observations at some locations, albeit in a non-systematic manner,
which resulted in low estimates (with the exception of M. chimango) (e. g: Cody 1970,
Markham 1970, Araya et al. 1974, Schlatter 1976, Ellis and Glinski 1980, Venegas
1981, Figueroa et al. 2000a, Simeone et al. 2008, Imberti 2005). The greatest abun-
dance and number of species were registered in national parks and reserves (e.g. F
femoralis, F. peregrinus, and M. chimango in the National Nuble Reserve, Estades 1997;
C. plancus, F. femoralis, and M. chimango in the Huemules de Niblinto Nature Sanctu-
ary, Figueroa et al. 2000b; and C. plancus, F. peregrinus, F. sparverius, M. chimango,
and P. albogularis in the National Futaleuft Reserve Elgueta et al. 20006).

Diet and Trophic Ecology. The feeding preferences and habits of C. plancus, F. femo-
ralis, F. sparverius and M. chimango have been described (Barros 1925). Falco femoralis
exclusively feeds on birds and insects (Jiménez 1993, Jaksic et al. 1993, 1996), depend-
ing on the food supply (Figueroa and Corales 2005). Falco peregrinus is considered an
opportunist (McNutt 1981) and is a top predator of granivore birds (Marquet et al.
1998), as well as an avid insect eater, again depending on supply (Simeone et al. 1997).
The feeding habits of F. sparverius are known in detail; it is classified as a predator of
insects, reptiles (Goodall et al. 1951, Jaksic et al. 1982, Jaksic and Ostfeld 1983, Mar-
quet et al. 1998, Jaksic and Feinsinger 1991, Simeone et al. 1997), and small mammals
(Jaksic 1986), and the supply of the latter increases species abundance (Jaksic et al.
1992, Jaksic et al. 1993, 1996). F. sparverius is capable of changing its diet following
the seasons (Figueroa and Corales 2002, Mella 2002, 2005) and geographic location
(Ellis et al. 2002). No trophic superposition between F. femoralis and F. sparverius has
been documented in Chile (Torres-Mura 2004, Rau and Jaksic 2004). The feeding
habits and preferences of M. chimango are described in detail through stomach content
and pellets (Ydnez et al. 1980): it is an omnivore and a scavenger (Nufiez and Ydnez
1981, Nufiez et al. 1982, Yanez et al. 1982, Cabezas Schlatter 1987, Jaksic and Si-
monetti 1987, Sazima and Olmos 2009). Observations by Figueroa et al. (2004) reveal
P. megalopterus as an insectivore and carnivore of small birds and mammals. Finally,
P. australis has been described as the most important predator of Eudyptes chrysocome
(Forster 1781) eggs (Sphenisciformes) (Cursach et al. 2014).

Reproduction and Development. Information on reproductive cycle and develop-
ment is available for F. sparverius, C. plancus, M. chimango, and P. australis. Nesting
data on P. megalopterus in Chile are limited to a monograph by Housse (1937), who
presumed the species would nest in the rich vegetation areas of the mountains. In gen-
eral, falcons begin nesting in early spring, laying between 2 and 4 eggs, with an incu-
bation period of 15 to 20 days (Housse 1934, Housse 1935, Housse 1936a, Morrison
and Phillips 2000, Diaz and Armesto 2003, Marin et al. 2006). Raimilla et al. (2014)
described cooperation in care and nursing in P. australis.

Ethology, migration, and home environment. Information for this topic is fragment-
ed across a number of brief publications and reviews. M. chimango is a resident species
associated with highly urbanized areas (Lobos et al. 2011). F. sparverius and F. peregri-
nus are classified as semi-residents (Teneb et al. 2013, Cursach and Rau 2008). The
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only migrant species of falcon recorded in Chile is F. fernoralis (Jaksic and Simonetti
1987). For instance, the species is considered only a summer visitor to Las Chinchillas
National Reserve, North of Santiago (Jaksic and Lazo 1999).

Parasitology and medicine. Intestinal endoparasite fauna has been described for M.
chimango (San Martin et al. 20006), and included bacteria (Haemoproteus tinnunculi
(Wasielewski and Wilker 1918), Leucocytozoon toddi (Sambon 1908) (Protozoa: Hae-
mosporine) (Forrester et al. 2001)), and ectoparasites (new Ischnocera species (In-
secta: Phthiraptera) (Mey and Gonzélez-Acufa 2000), and Argas (persicargas) keiransi
(Acari: Argasidae)) sampled from the neck (Estrada-Pena et al. 2003). Escherichia coli
(Migula 1985) has been identified as a cause of fatal meningoencephalitis in Milvago
chimango (Seguel et al. 2012). The parasites described and registered in other species
of falcons include Degeeriella rufa (Phthiraptera: Philopteridae) in . femoralis and F.
peregrinus; Acutifrons megalopterus (Carriker, 1956) (Phthiraptera: Ischnocera) and
Colpocephalum megalopteri (Price 1967) (Phthiraptera: Menoponidae) in P. mega-
lopterus; and Laemobothrion tinnunculi (Phthiraptera: Laemobothriidae) (Gonzélez-
Acuna et al. 2008) and nematodes, cestodes, and trematodes (Gonzéles-Acufa et al.
2011) in F. sparverius.

Conservation and legislation. The only species of falcons in Chile which are consid-
ered to warrant conservation priority are P. albogularis and P. australis (Pavéz 2004,
Trejo 2007). However, the mechanisms and processes that affect their population have
not been identified. Population size of F. sparverius and M. chimango in San Carlos de
Apoquindo in the Andean foothills of Santiago has decreased over time (Pavéz et al.
2010). These species, along with F. peregrinus, are at risk for population decrease due
to anthropogenic factors (Diaz and Armesto 2003), including accidents such as elec-
trocution on high-voltage lines (Gonzdlez et al. 2014). Tala and Iriarte (2004) provide
important data regarding legislation and potential threats to falcons.

Study methods and techniques. Studies focusing on study methods and techniques
are few. Nevertheless, much information is available on capture and monitoring (Pavéz
2004), diet (Ydhez et al. 1980; Munoz-Pedreros and Rau 2004), observation and count-
ing techniques (Mdrquez et al. 2004), and use of baits (Contreras and Gonzdlez 2007).

Environmental education and science outreach. The single paper on this subject
(Figueroa 1995) provides a plan for teaching ecology and environmental biology
through the use of birds of prey, including M. chimango and F. sparverius species.

Discussion

The results presented here show that knowledge on falcons in Chile is uneven across
species, research topics and administrative regions. Despite the limitations of this type
of study, our data have the advantage of directly visualizing gaps in knowledge of spe-
cific topics (Bimrose et al. 2005). Previous reviews (e. g. Mufoz-Pedreros and Noram-
buena 2011, Raimilla et al. 2012) have demonstrated a recent increase in productivity,
mostly resulting from the work of dedicated researchers (Bierregaard 1995).
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Given that the classification of research topics used were those of Mufioz-Pedreros
and Norambuena (2011), it is not surprising that our review finds similar trends in
productivity and circulation medium. Comparison to the study by Raimilla et al.
(2012) is hampered by the fact that their findings were not reported separately by spe-
cies and administrative region. Nevertheless, two clear patterns emerge from these two
reviews and the present study: productivity has increased considerably during the last
30 years for birds of prey in general and for Falconidae in particular, and peer-reviewed
publications are the most frequently-used circulation medium to report study results.
These patterns are not exclusive to these groups but represent a general trend in all sci-
ences (Bornmann and Mutz 2015).

Our review shows that the most common research topic in studies of falcons is
“Faunistics, Diversity, and Abundance” and that M. chimango is the most frequent
study species. In contrast, Raimilla et al. (2012) found that, studies focusing on “diet”
were the most common study subject and F. sparverius was the most commonly stud-
ied species of falcon. Population trends in time are hampered by the fact that older
studies typically represented reports of the presence of species and provided no data on
abundance. In contrast to Raimilla et al. (2012), we found that studies of M. chimango
outnumbered those of . sparverius. However, in agreement with Raimilla et al. (2012)
we found that members of the genus Phalcoboenus are poorly covered in the literature,
as underscored by the absence of studies on four of the ten study topics.

The concentration of publications on falcons in a small number of regions (Metro-
politan Santiago, Araucania, Los Lagos, and Magallanes) reflects the location of research
centers (Raimilla et al. 2012). The same pattern was observed in works that focus on
community structure (Jaksic 1985) and continental water birds (Victoriano et al. 20006).
There were no studies which report on falcons in the O'Higgins region (central Chile)
despite its proximity to the Metropolitan region. The lack of studies may be due to
changes in regional administration throughout time (Errdzuriz 1998) that may lead to
incorrect registry of avifauna near the political-geographic limits. Future studies should
focus on poorly studied areas, especially those within a biodiversity hotspot such as Los
Rios and Aysén regions (Arroyo et al. 2008). Our review indicates that some topics
remain little studied. Publications on “Study Techniques and Methods” were rare (five
citations). We suggest these topics warrant further study because current studies are car-
ried out based on protocols developed for falcons in the northern hemisphere (e.g. Bird
and Bildstein 2007) which may not be optimal for research in Chile. The lack of knowl-
edge on the biology of species native to Chile may hamper the application of techniques
developed elsewhere for other species. The use of non-suitable techniques may produce
biases or errors and perhaps even harm captured individuals (Ford 2003).

Only a single study dealt with “environmental education and divulgation” of fal-
cons (Figueroa 1995). Other works have presented a complete bird of prey education
program, but mainly focused on birds of prey in general (e.g. Moler and Munoz and
Pedreros 2004). Nevertheless, both studies illustrate how birds of prey (including fal-
cons) may be used to increase awareness of various environmental problems to a non-
specialized audience.
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Knowledge on “natural History” is deficient for most species of falcons in Chile.
Figueroa (2015) suggested that the lack of knowledge on natural history of M. chi-
mango results from historical factors, a shift from field biology to other types of study,
difficulties in studying diet, and perhaps changing interests of researchers. These fac-
tors may also apply to the study of other species of falcons in Chile.

Conclusions

This review of the state of knowledge on falcons in Chile indicates bias in all assessed
categories: research topics are biased towards faunistic data; geographically, with many
subsampled or unsampled regions; and in preferred species, with two major researched
species. Due to the increase in scientific productivity for Falconidae and birds of prey,
especially in recent years, reporting where information is lacking and which regions
and species have not been studied is essential to continue the study of this group
optimally. Much remains to be done and further research is needed. We hope this
work may provide an impetus to fill the historical, ecological, and geographical gaps
in knowledge.
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