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Abstract

We present the first comprehensive review of the ant taxa of the Galapagos archipelago. The
review is based on data gathered during literature searches, field surveys, and the revision of
museum specimens, and includes information on the distributiortatiamd ecology of 47

species. At least nine of these species are assumed to be native or endemic to the islands and at
least 32 species have been introduced through hassotiated pathways. The status of the
remaining six species is unknown. The infatran compiled in this study will allow us to better
understand the ecological role of indigenous species and their potential as indicators of
ecosystem health. Baseline information on the distribution of introduced ants will be
indispensable for assessimgpact and spread within the archipelago.

Keywords: Formicidae, Galapagos Islands, habitat preference.
Introduction

Ants are a potential tool for monitoring ecosystem healtthe Galapagos Islands, however,
little is still known about their distributiband the role that they play in maintaining ecosystem
processe$BRANDAO & PAIVA, 1994; UNDERWOOD & FISHER, 2006; CAUSTON & HERRERA
2014).Between 1835, the first collection of insects by Charles Darwin, and 2019, more than 46
entomological expeditionsalve surveyed the terrestrial invertebrate fauna in the archipelago
(e.g.LINSLEY & USINGER 1996;BAERT et al, 2008;Peck, 2001). However, none of these
inventories focused on ants only. During early explorations of Galapagos1282% a few
introducedand native species were collected from arid af@asi{HER, 1877;HOWARD, 1890;
AGASSIZ, 1892;HELLER, 1903;BEEBE, 1923;SLEVIN, 1931;CROCKER 1933), those taxa were
published bySwitH (1877), EMERY (1893), WHEELER (1919, 1924),Stitz (1932) and
WHEELER (1933).All known ant species and subspecies were summarized for the first time by
LINSLEY & USINGERIN 1966.

Later studies on the impact of two invasive ant speSielgnopsis geminat&abricius, 1804)
andWasmannia auropunctat®oger, 1863), on the fragile Galapagos ecosystems, contributed
to the detection of newly introduced ant specisiiNO, 1977;CLARK et al, 1982;LUBIN,
1984; 1985WILLIAMS & WHELAN, 1991; ABEDRABBO, 1994;R0OQUHE ALBELO et al, 2000;
CAausTON et al., 2005;CAusTON et al., 2006;voN AESCH 2006;HERRERA& CAUSTON, 2008;
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HERRERA& LONGINO, 2008;HERRERA& CAUSTON, 2010;HERRERAEet al, 2013;HERRERAEt

al., 2014;WAuTeRrs et al, 2014;WAUTERS et al, 2016). In spite of these studies, little is still
known abotant diversity in Galdpagos. Baseline data are needed for an ecolhogigedring
program and for the identification and management of invasive sp€siesTON et al, 2012).

Based on field studies and revisions of museum and bibliograpterial, we present for the

first time an overview of the distribution and habitat preferences of 47 taxa established on the
Galapagos Islands.

The Galapagos Archipelago consists of 123 islands of various Skmas (et al, 1996) (Map.

1). These islandare isolated from the South American mainland and lie at a distance of between

960 and 1180 km from the Ecuadorian coast. The islands are spread over an area of 304 km
east to west and 341 km nostlest to soutkeast. The total land area is about 7,858 &pnead

over 45,000 kmz2 of sedACKsON, 1985;Peck, 2006). All the islands are volcanic in origin and

arose from the Nazca Plate. Their maximum emergence age is estimated between 4 (Isla San
Cristébal) and 0.07 (Isla Fernandina) million years &@oiqT et al, 2014). The islands are

situated at the edge of the Central Pacific Dry Zone. There are two seasons: (i) ihearamy

season from about December to May, characterized by daytime temperatures of approximately
29°C with occasional short thundersterand (ii) the driyc o o | season, &aso cal
wet fog drip environmerit from about May to December with an average August daytime
temperature of about 22°CW(GGINS & PORTER 1971; Peck, 2001; TRUEMAN &

DO @oUVILLE, 201Q. The prevailing winds ahrain that originate from the south make the

northern slopes much dryer. Some years are associated with exceptionally high rainfall due to
warm water currents coming from the east. Th
irregular times. The avage archipelago rainfall at sea level is less than 75mm per year, but in

A EI Ni foo years it cJcrsonel®DBSISNEN & Reacl898;8ECk3 2 0 0 m
2006; TRUEMAN & DO @DUVILLE, 2010.
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Map 1.Galdpagos archipelago with terrestriglological zones. The largest island Isabela is composed of six
volcanoes
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According to WIGGINGS & PORTER (1971), there are seven vegetation zones categorized
according to altitude and exposure: i) the Littoral or Coastal zone with its mangroves, sandy
beahes and dunes with creeping vines, grasses, succulent shrubs and saltbushes; ii) the Arid or
Dry zone with deciduous trees suchBagsera graveolen@unth) Triana and Planclshrubs

such asCroton scouleriHook. f. and cacti Qpuntia sp. andJasminoceeus sp.); iii) the
Transition zone, a deciduous woodland dominated by the enéésoigia floribundaHook. f.
andPsidiumgalapageiunHook. f.and with abundant epiphytes, lichens and mosses; iv) the
Scalesiazone, a clouiforest dominated by the composiBzalesia(Scalesia pedunculata
Hook. f. or Scalesia cordatéstewar}, with abundanepiphytes such as mosses, liverworts,
ferns, orchids, peperonias and bromeliads; v)Zdughoxylunor Brown zone that was deeply
modified by humans in inhabited islandeansformed into agricultural fields, pastures and
orchards; vi) theMliconia zone, a dense shrubby beltMiconia robinsonianaCogn.,vii) the

Fern sedge zone or Pampa zone with ferns, grasses, sedges and wiipksagminpatches
(WIGGINS & PORTER 1971; JACKSON, 1985; MCMULLEN, 1999. Zones of Scalesia
ZanthoxylumMiconia andFern sedge are included as subdivisions of the Humid Zome&(

ORTEGA, 2011). These zones in inhabited areas have been modified by human activities and by
introducel feral grazing animals.

The altitudinal boundaries of these vegetation zones differ strongly between southern and
northern slopes due to the drier conditions along the northern sliygesoN, 1985;PECK,

2006). The vegetation types are developed mestlgi on Santa Cruz, but are to a large degree
also present on the other major islands. Islets and lower islands in contrast mainly consist of the
dry zone only. The highest Isabela volcanoes and the island of Fernandina have an inversion
zone situated atmd 1200m, a cloudy region above which there is an arid summit zone with
vegetation similar to the arid zoneAURELLE, 1965;WIGGINS & PORTER 1971; JOHNSON &

RAVEN, 1973; VAN DER WERFF, 1979; JOHNSON & RAVEN, 1973;TYE & ORTEGA, 2011;
ZIEMEK, 2014) (Tabk# 1). Five islands have human settlements: Isabela, Santa Cruz, Floreana,
San Cristébal and Baltr&\ATSON et al, 2010); additionally, Santiago was inhabited briefly
bet ween thelO9luRDd200B)nd 19606s (

Materials & methods

The present study is based on 382,023 specimens deposited in the Terrestrial Invertebrates
Collection of the Charles Darwin Research Station (ICCDRS) and The Royal Belgian Institute
of Natural Sciences (RBINS), enriched with collections by the first a#t@xl 2014), ants
sampled by expeditions conducted by the third and last author (2009, 2010, 2012 and 2014);
the second author, Jé&erre Maelfait and Konjev Desender (1982, 1986, 1988, 1991, 1996,
1997, 1998, 2000, 2002 and 2009) as well as severalSe@bRaborators who have been able

to collect ants in the archipelago. All geographical positions of sampling localities and
ecological zones where ants were collected are depicted on Map 2.

Distribution maps of the species were obtained from coordinaigsmon labels attached to

the individuals studied in the museums, as well as from field notes and surveys carried out by
the first author. If coordinates were absent, coordinates of the name of the sampling site were
used. This information was compiléto a GIS database. Records where the geographical
position could not be traced with sufficient accuracy (e.g. records ma&eiioy (1877);

EMERY (1893); WHEELER (1919, 1924)STITZ (1932) andWHEELER (1933)), are depicted by
triangles in the centeof the island. Information on ant ecology and habitat preference was
obtained from observations in the field as well as from the literature. Plant nomenclature in the
paper followsWIGGINS & PORTER(1971) and the Gadpagos Species CheckliBYNGARTZ et

al., 2009). For some taxa, scientifiames are accompanied by common names. Photomontage
images for all taxa are available on AntWeb, Galapagos ants (www.antweb.org).
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Table 1. Classification of the vegetation and terrestrial ecological zones in the Galapagos archipelago)aketeoN& RAVEN (1973);TYE & ORTEGA (2011);ZIEMEK
(2014);B) WIGGINS & PORTER(1971) andvVAN DER WERFF(1979). SSIDE is the Soutiside,N-SIDE is the Nortkside of the island.

TERRESTRIAL ECOLOGICAL ZONES OR VEGETATION ZONES OF THE GALAPAGOS ARCHIPELAGO

ALTITUDE (m.a.s.l.)

ZONING S-SIDE N-SIDE VEGETATION
A B
Littoral (Coastal) Littoral (Coastal) ) } Mangroves, sandy beaches and dun
07 10 07 10 creeping vines, grasses, succulent
Zohe Zohe shrubs and saltbushes
Dry or arid zone Dry or arid zone 107 80 (150) 107 200 (300) Deciduous trees, shrubs and cacti
Transition zone Transition zone 807 180 (200)| 2007 500(600) Deciduous and serdeciduous
woodland
Agriculture zone
Scalesiazone
Humid zone 1807 1200 5507 1000 Often mossy evergreen forest, scrub
Miconia zone nonwooded evergreen pampa
Pampa zone
High-altitude transition zone 12007 1300 T Slemc;c:euduous woodland just above
Inversion zone cloud layer
High-altitude dry zone > 1300 | Open scrub. Well above cloud layer
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Map 2.Localities where ants have been collected inGapagos archipelago

Results
Overview of the species

SUBFAMILY DOLICHODERINAE
Dorymyrmex pyramicus albemarlensi&/heeler, 1919
(ANTWEB: CASENT0173213)Map 3

This species is possibly endemicugIN, 1984; F. Cuezzopers. comm., X1.2009). It is
distributed on 14 islands and is associated with natural areas. The first specimens were collected
in 1898 on Isabela/HEELER, 1919). This species builds nests in the soil, on sandy beaches,
open areas between vegetation Ewh WHEELER, 1924;LUBIN, 1984), or in sandy patches

within lava fields near the coast, surrounded by the occasional grass, BBegsaxfeolensnd
Opuntiacacti.

Dorymyrmex pyramicus albemarlensapparently prefers dry zones, where it feeds on
extrafloral nectaries of the giant endemic c&puntia echiosHowell andJasminocereus
thouarsii (F.A.C. Weber) Backeb (Meier, 1994). The species can be found occasionaly in the
Transition zone and rarely ihumid areas. It has been collected in standSrgptocarpus
pyriformis Kunth, under trees ofHippomane mancinella., in forests ofB. graveolenghat

also includeZanthoxylum fagarél..) Sarg,Macraea laricifoliaHook. f.,Cordia sp, Waltheria
ovataCav., C. scoulerj Darwiniothamnus lancifoliugHook. f.) Harling,Alternanthera filifolia
(Hook. f.) J.T. Howell and grassd3orymyrmex pyramicus albemarlengsalso recorded in
areas wittScalesia affinigdook. f.,Castela galapagei&look. f., Opuntia nsularisStewart
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Map 3. Distributionof Dorymyrmex pyramicus albemarlen¥igheeler, 1919.

Cordia leucophlyctidHook. f. and dry grass. Other records are freegetation composed of
Opuntia helleriK. Schum, C. scouleri,Cordia luteaLam., Lantana peduncularig&ndersson

and dry litter.In the humid zone of Alcedo volcano (Isabela Island) workers were collected in
a closed woodland oP. floribunda Dorymyrmex pyramicus albemarlengspreyed upon by
Tmarus stolzmanrKeyserling, 1880, a chbaspider (Thomisidae) distributed in the arid and
transition zones L{UBIN, 1983; BAERT, 2008). The invasive antsVN. auropunctataand

S geminatacould have displaced. pyramicus albemarlensa the islands of Santa Cruz and
Baltra where it was once comm@NVHEELER, 1924).

Tapinoma melanocephalunFabricius, 1793)
Ghost Ant(DEYRuUP et al, 2000)
(ANTWEB: CASENTO0173215)Map 4

A cosmopolitan ant, widespread in the tropics, subtropics and temperate r&gmnRs, (1972;
BoLTON et al., 2006; WETTERER 2015). Tapinoma melanocephaluis a tramp species
introduced through trade to many parts of the woPsS6ERA 1994; WETTERER 2009a). It

was collected for the first time in 1891 on San Cristobal IsIBméRY, 1893;WHEELER, 1919).

It is widely distributed in Galapagos on 17 islands and islets and found often in the Dry Zone
in natural as well as disturbed habitats. Nests are found under and inside dead branches of
B. graveolensabandoned by termite®HEELER, 1924), underacks, rotten logs, bark of déad

dry trees and house walls. This species has been collected in trihlig@afeolensind several

plant species, such aRarkinsonia aculeataL. and Psidium guajaval. Tapinoma
melanocephaluns a diurnal specied. (BIN, 198) that has beeabserved feeding on nectar
from flowers ofCatharanthus roseuf..) G. Don.andextrafloral nectaries dD. echiosand

J thouarsii (MEIER, 1994).Visit flowers of Avicennia germinangL.), Ipomoea habeliana
Oliv., O. helleri, Prosopiguliflora (Sw.) DC.andScalesia atractyloide&rn. Workers were
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Map 4. Distribution ofTapinoma melanocephalugrabricius, 1793)

Map 5. Distribution ofTapinomasp. hh07.



