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Introductfion

The nest of an ant, or of any anfimafl, fis consfidered to be 
part of fits extended phenotype (TURNER 2002), and nest 
archfitecture and nest-bufifldfing behavfior have been studfied fin 
an evoflutfionary framework fin many organfisms, especfiaflfly 
socfiafl finsects (SCHMIDT 1955, WENZEL 1998, ZYSKOWSKI & 
PRUM 1999, RASMUSSEN & CAMARGO 2008). Asfide from brood 
care and foragfing for food, nest constructfion constfitutes 
the flargest energy finvestment for the coflonfies of many 
ant specfies (SUDD & FRANKS 1987). Most subterranean 
ant nests consfist of two basfic nest modufles: tunnefls or 
shafts, whfich connect dfifferent parts of the nest, and cham-
bers, where the ants flfive, rafise brood, and store food. The  

varfiatfion fin sfize, shape, number, and arrangement of these 
basfic nest modufles fis specfies-typficafl fin many ants, and fit 
fis preserved as the coflony grows (CERQUERA & TSCHINKEL 
2010, TSCHINKEL 2010). Many factors finfluence the structure 
of the ant nest, both bfiotfic and abfiotfic. The voflume of a 
nest, for exampfle, fis correflated wfith findfivfiduafl ant sfize and 
wfith number of findfivfiduafls fin the coflony, fi.e., wfith coflony 
sfize (TSCHINKEL 2014), whereas the vertficafl dfistrfibutfion 
of brood and workers wfithfin the nest fis finfluenced by the 
temperature of the sofifl (TSCHINKEL 1999). The depth of the 
nest fis correflated wfith coflony sfize as weflfl (CLÉMENCET & 
DOUMS 2007, RAMOS-LACAU & afl. 2012), but fit fis addfitfion-

Naturafl hfistory and nest archfitecture of the fungus-farmfing ant genus Serficomyrmex 
(Hymeno ptera: Formficfidae)

Ana JEŠOVNIK, Júflfio CHAUL & Ted SCHULTZ 

Abstract

The fungus-farmfing ant genus Serficomyrmex (Formficfidae: Myrmficfinae: Attfinfi) contafins 11 specfies dfistrfibuted from 
northern Mexfico to southern Brazfifl. Wfithfin thefir nests, aflfl Serficomyrmex specfies grow hfighfly specfiaflfized, obflfigatefly 
symbfiotfic fungfi, whfich they use for food. Serficomyrmex fis the youngest fungus-farmfing ant genus, the product of a 
recent, rapfid radfiatfion, wfith a crown-group age estfimate of 4.3 mfiflflfion years.

We revfiew the flfiterature and report newfly acqufired data on the naturafl hfistory of Serficomyrmex, wfith a focus on 
nestfing bfioflogy. We present data for 19 coflflected nests (16 compflete and three partfiafl excavatfions) of seven dfifferent 
Serficomyrmex specfies from Mexfico, Costa Rfica, Guyana, Peru, and Brazfifl. The nests of Serficomyrmex are subterra-
nean and consfist of subeflflfiptficafl to subspherficafl chambers connected by narrow tunnefls, sfimfiflar to those fin most other 
attfine ant genera. Chambers of the coflflected nests were 5 - 17 cm wfide and 3.5 - 15 cm hfigh, wfith average voflumes of 
96 - 1435 cm3. Totafl nest voflume varfied from 193 - 7179 cm3. Chambers occurred from 3 to 35 cm from the surface, 
but nests of S. parvuflus FOREL, 1912 were flfikefly more than one meter deep at two flocaflfitfies where we were unabfle 
to finfish excavatfions. In 18 out of 19 coflflected nests, at fleast some of the chambers were efither dfirectfly underneath 
the nest entrance or offset by up to 10 cm, whfifle fin one S. bondarfi BORGMEIER, 1937 nest they were dfispflaced horfi-
zontaflfly > 2 m from the nest entrance. Indfirect evfidence suggests that such flaterafl dfispflacement may be common fin  
Serficomyrmex. We document the presence of an externafl waste mfidden fin a nest of S. mayrfi FOREL, 1912 fin Guyana, 
the first such record for the genus. Based on 904 habfitat records fin our Serficomyrmex database, Serficomyrmex specfies 
finhabfit a wfide varfiety of habfitats, but nfine out of 11 specfies are more commonfly coflflected fin forested areas and are 
fless often coflflected fin very dry or open areas. Two specfies, S. scrobfifer FOREL, 1911 and S. maravaflhas JEŠOVNIK & 
SCHULTZ, 2017, are dfistrfibuted aflmost excflusfivefly fin Brazfiflfian savanna habfitats, that fis, cerrado.
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aflfly constrafined by envfironmentafl factors such as the water 
tabfle (LAPOINTE & afl. 1998, MIKHEYEV & TSCHINKEL 2004, 
CLÉMENCET & DOUMS 2007).
In the fungus-farmfing ants (Formficfidae: Myrmficfinae: 

Attfinfi: Atta genus group; hereafter “attfine” ants), a New Worfld 
cflade that contafins over 250 specfies that are aflfl obflfigatefly 
symbfiotfic wfith fungfi that they farm for food, underground 
nests need to accommodate the mass of the fungus gardens. 
Thfis requfirement finfluences nest archfitecture: The nest 
chambers of most fungus-farmfing ants are subspherficafl, 
subovate, or subeflflfiptficafl, rather than horfizontaflfly flattened as 
fin many other ant specfies wfith subterranean nests, whfich onfly 
need to house brood and food (TSCHINKEL 2003, TSCHINKEL 
2015). Further, fin addfitfion to an optfimafl envfironment for 
brood deveflopment, attfine ant nests need to optfimfize tem-
perature, humfidfity, and CO

2
 concentratfions for the growth 

of the fungfi (ROCES & KLEINEIDAM 2000, BOLLAZZI & ROCES 
2002, BOLLAZZI 2008, PIELSTRÖM & ROCES 2014). The fimpor-
tance of nestfing bfioflogy for fungus-farmfing ants has been 
recognfized by many researchers and nest archfitecture data 
have been recorded at fleast partfiaflfly for the majorfity of the 
genera (WHEELER 1925, WEBER 1967, WEBER 1969a, WEBER 
1976, JONKMAN 1980, MUELLER & WCISLO 1998, SCHULTZ & afl. 
2002, MOREIRA & afl. 2004, MAYHÉ-NUNES & BRANDÃO 2006, 
DIEHL-FLEIG & DIEHL 2007, KLINGENBERG & afl. 2007, RABE-
LING & afl. 2007, VERZA & afl. 2007, KLINGENBERG & BRANDÃO 
2009, MEHDIABADI & SCHULTZ  2010, CAMARGO & afl. 2011, 
SOLOMON & afl. 2011, JEŠOVNIK & afl. 2013, SOSA-CALVO & afl. 
2013, PIELSTRÖM & ROCES 2014, SOSA-CALVO & afl. 2017a, b).
Serficomyrmex, an ant genus wfith a broad Neotropficafl 

dfistrfibutfion, beflongs to the so-caflfled “hfigher” attfine ants, a 
cflade of ant specfies that grow a cflade of hfighfly coevoflved, 
obflfigatefly symbfiotfic, poflypflofid fungafl specfies (SCHULTZ 
& BRADY 2008, KOOIJ & afl. 2015). The cflosest reflatfives of 
Serficomyrmex, the other hfigher attfine ants, fincflude the genus 
Trachymyrmex, the fleaf-cuttfing genera Atta and Acromyrmex, 
and the rare and enfigmatfic specfies Mycetosorfitfis expflficatus 
KEMPF,  1968, the sfister specfies of Serficomyrmex (BRAN-
STETTER & afl. 2017). A few Serficomyrmex naturafl-hfistory 
studfies have been pubflfished (URICH 1895, WEBER 1967, 1976, 
FELDMANN & afl. 2000), as weflfl as a number of ecoflogficafl or 
behavfiorafl studfies that fincfluded one or more Serficomyrmex 
specfies (KASPARI 1996, FERNÁNDEZ-MARÍN & afl. 2004, 2006, 
VASCONCELOS & afl. 2008, LEAL & afl. 2011, BRUNER & afl. 2014). 

Untfifl recentfly, however, reflfiabfle specfies fidentfificatfions for 
Serficomyrmex were fimpossfibfle. The flast key was pubflfished 
100 years ago and fis fincompflete (WHEELER 1916), so most 
studfies fincfludfing Serficomyrmex specfies dfid not fidentfify 
or wrongfly fidentfified the specfies. For these reasons our 
knowfledge of Serficomyrmex specfies dfistrfibutfions, as weflfl 
as basfic ecoflogficafl data such as coflony sfize, queen number, 
and tfimfing of matfing flfights, fis fincompflete. Recentfly the 
phyflogeny of Serficomyrmex was reconstructed based on 
genome-scafle data (JEŠOVNIK & afl. 2017) and a taxonomfic 
revfisfion (JEŠOVNIK & SCHULTZ 2017) based on moflecuflar 
data and morphoflogy was pubflfished. Thfis work shows that 
Serficomyrmex consfists of 11 specfies sharfing a most-recent 
common ancestor onfly 4.3 mfiflflfion years ago, and a most 
recent common ancestor wfith fits sfister, M. expflficatus, 15 
mfiflflfion years ago, makfing Serficomyrmex the youngest 
attfine ant genus.
Here, we use thfis new understandfing of specfies bound-

arfies fin Serficomyrmex to revfiew the naturafl hfistory of Serfi-
comyrmex, wfith a focus on nestfing bfioflogy, and summarfize 
prevfious work for each specfies. We present resuflts of our 
nest excavatfions for a totafl of 19 Serficomyrmex nests be-
flongfing to seven dfifferent specfies, and report the first record 
of an externafl waste mfidden for the genus. For each of the 

Ffig. 1: Locaflfitfies from whfich Serficomyrmex nests were 
coflflected.

Ffig. 2: Nest measurements. (a) Cutaway vfiew of a fun-
gus-farmfing ant nest findficatfing standardfized measurements: 
E nest entrance; T tunnefl; CH chamber; F fungus garden; d 
chamber depth; w chamber wfidth; h chamber hefight; ed offset 
dfistance from the entrance; (b) schematfic representatfion of 
a sfingfle chamber, wfith measurements findficated w chamber 
wfidth; w2 chamber wfidth 2, h chamber hefight (adapted from 
SOSA-CALVO & afl. 2015).
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coflonfies coflflected we report demographfics and summarfize 
Serficomyrmex specfies dfistrfibutfions and habfitat occurrences.

Methods and materfiafls

We conducted fiefld work fin Mexfico, Costa Rfica, Guyana, 
Peru, and three flocaflfitfies fin Brazfifl (Ffig. 1). Locaflfitfies and 
coflflectfing data are summarfized fin Tabfle 1. In addfitfion to 
our coflflectfions, we acqufired > 1500 Serficomyrmex specfi-
mens from the entfire geographfic range of the genus from 
museum coflflectfions and coflfleagues. We constructed a data 
set contafinfing the coflflectfing finformatfion (flocaflfity, habfitat, 
eflevatfion, coflflectfion date) of those specfimens. When anaflyz-
fing these data to estfimate habfitat occurrences, we fincfluded 
onfly one data pofint for sfingfle specfimens of the same specfies 
coflflected at the same flocaflfity fin order to avofid coflflectfing 
bfias. If, for exampfle, mufltfipfle findfivfiduafls of the same specfies 
occurred fin 20 fleaf-flfitter sampfles taken at the same flocaflfity 
and fin the same habfitat, we recorded fit as one occurrence 
of that specfies for that flocaflfity and habfitat. Specfimens were 
fidentfified to specfies usfing a MZ16 Lefica stereomficroscope 
and the most recent key (JEŠOVNIK & SCHULTZ 2017) and by 
moflecuflar data (JEŠOVNIK & afl. 2017). The voucher specfi-
mens for each nest are deposfited fin the Natfionafl Museum 
of Naturafl Hfistory (USNM) fin Washfington D.C., USA (see 
Tabfle S1e for voucher specfimen codes), and the coflflectfion 
data are deposfited on AntWeb (www.antweb.org).
In the fiefld, we flocated nests of Serficomyrmex by vfisuaflfly 

searchfing for nest entrances and by bafitfing. For bafit we used 
Cream of Rfice cereafl, whfich fis floved by aflfl non-fleaf-cutter 
attfine ants, and whfich, due to fits whfite coflor, fis easy to track 
as fit fis carrfied by foragers across the dark forest floor. After 
flocatfing a nest, we photographed the nest entrance and, fif a 
mound was present, we measured fits hefight and dfiameter. 
We cfleared an area wfith a radfius of 1 - 2 meters around 
the nest entrance of any debrfis and finterferfing vegetatfion 
fin order to detect the presence of any addfitfionafl nest en-

trances or externafl waste mfiddens. For one nest for whfich 
we found a waste mfidden, we measured the dfistance from 
the mfidden to the nest and observed the behavfior of the 
workers transportfing debrfis to the mfidden. Foflflowfing these 
observatfions, we coflflected the mfidden, fincfludfing assocfiated 
arthropods, finto 95% ethanofl. We started nest excavatfions 
0.5 - 1 meter away from the entrance on the sfide that was 
easfiest for dfiggfing. Nest excavatfions foflflowed SOSA-CALVO & 
afl. (2015). In short, we attempted to excavate a trench deep 
enough to facfiflfitate exposfing the nest chambers from the sfide 
rather than from above, enabflfing carefufl coflflectfion of the 
chamber contents and accurate measurements of chamber 
dfimensfions. For each chamber we recorded dfistance from 
the surface (d), horfizontafl dfistance from the nest entrance 
(ed) (fif appflficabfle), hefight (h), and two measures of wfidth 
(w, w2) (wfidth and “chamber depth” sensu JEŠOVNIK & afl. 
2013, SOSA-CALVO & afl. 2015), as findficated fin Ffigure 2. 
Whenever possfibfle we coflflected the fungus garden and 
workers from dfifferent chambers separatefly. We stopped the 
dfiggfing after we found the queen and / or after we had been 
dfiggfing for approxfimatefly haflf a meter wfithout findfing any 
new chambers. Aflso, we fleft the dfiggfing pfit open untfifl the 
foflflowfing day. If there were no new tunnefl openfings or ant 
actfivfity the foflflowfing day, we refiflfled the pfit. If we found 
new ant actfivfity, we contfinued excavatfion. After returnfing 
to the flab, we counted aflfl of the ants and the brood to obtafin 
a coflony census. Two coflonfies of S. mayrfi were mafintafined 
aflfive fin the Smfithsonfian Ant Lab fin Washfington, D.C. (for 
flfive flab nest methods see SOSA-CALVO & afl. 2015). We cafl-
cuflated the voflumes of chambers foflflowfing the formufla for 
the voflume of an eflflfipsofid shape (SUN & LIU 2003), whfich fis 
V= π ⁄ 6 × a × b × h, where a, b, and h are hefight (h), wfidth 
(w), and wfidth 2 (w2) of the chamber (Ffig. 3b), respectfivefly. 
To test correflatfions between the varfiabfles we used R (R 
DEVELOPMENT CORE TEAM 2014). We created a data set wfith 
totafl nest voflume, findfivfiduafl chamber voflume, nest census 

Tab. 1: Nest coflflectfion flocaflfitfies.

Country Locaflfity Coordfinates Coflflectfion codes Coflflectors Coflflectfion date Specfies coflflected

Brazfifl Amazonas, Manaus, 
Reserva Ducke

-2.932,  
-59.972

AJ120926-02 A. Ješovnfik, 
M. Rajkovfić

26 Oct 2012 S. bondarfi

Brazfifl Amazonas, Manaus, 
Reserva Ducke

-2.917,  
-59.983

TRS920809-15 T.R. Schufltz 9 Aug 1992 S. mayrfi

Brazfifl Pará, Parauapebas, FL 
Nacfionafl de Carajás

-6.063,  
-50.057

AJ141001-05 
AJ141002-01 
AJ141004-01

A. Ješovnfik, 
T.R. Schufltz

Oct 2014 S. mayrfi 
S. bondarfi

Brazfifl Mfinas Gerafis, Vfiçosa, 
UFV, Mata de Bfioflogfia 

-20.758,  
-42.864

JCMC002 J. Chaufl,  
S. Epfifânfio

10 Oct 2015 S. saussurefi

Brazfifl Mfinas Gerafis, Vfiçosa -20.755,  
-42.887

JCMC001 J. Chaufl 27 Sep 2015 S. parvuflus

Costa 
Rfica

Puntarenas, Corcovado, 
Sfirena Statfion

8.50,  
-83.617

TRS920531- 03 
TRS920602-08 
TRS920606-05

T.R. Schufltz May - Jun 1992 S. amabfiflfis
 S. opacus

Guyana Upper Takutu-Upper 
Essequfibo, CI con cesfion, 
base camp

3.513,  
-58.235

JSC111119- 04 
A J111125- 08  
JSC111122-13

A. Ješovnfik,  
J. Sosa-Caflvo

Nov 2011 S. mayrfi

Mexfico Veracruz, Catemaco, 
Tu xtfla

18.587,  
-95.078

AJ131005-01 A. Ješovnfik, 
M. Rajkovfić

5 Oct 2013 S. amabfiflfis

Peru Madre de Dfios, 
Tambopata Reser ve

-12.819,  
-69.364

AJ120729-03 
AJ120726-03 
AJ120801-03 
AJ120803-03 
AJ120728-10

A. Ješovnfik Jufl - Aug 2012 S. mayrfi 
S. saramama 
S. parvuflus
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(number of findfivfiduafl ants fin the nest), and worker sfize for 
aflfl coflflected nests, flog-transformed fit, and caflcuflated corre-
flatfion usfing the stats package functfion cor.test. For worker 
sfize we used mean head wfidth of the specfies, based on 25 
- 103 specfimens measured per specfies (JEŠOVNIK & SCHULTZ 
2017), wfith the exceptfions of S. flutzfi WHEELER, 1916 and S. 
radfioheadfi JEŠOVNIK & SCHULTZ, 2017, for whfich onfly efight 
and nfine workers were avafiflabfle, respectfivefly.
We aflso anaflyzed specfies-dfistrfibutfion data and a dated 

phyflogeny (JEŠOVNIK & afl. 2017) to finfer the bfiogeographfic 
hfistory of the genus and specfies, but because the resuflts 
were ambfiguous we summarfize those anaflyses onfly fin the 
suppflementafl materfiafl (Ffifle S1, Ffig. S1 as dfigfitafl suppfle-
mentary materfiafl to thfis artficfle, at the journafl’s web pages).

Revfiew of Serficomyrmex naturafl hfistory

Dfistrfibutfion

Lfike most other attfine genera, Serficomyrmex has a wfide 
Neotropficafl dfistrfibutfion. The northernmost record for Serfico-
myrmex fin the flfiterature fis Serficomyrmex “aztecus” (efither S. 
opacus MAYR, 1865 or S. amabfiflfis WHEELER, 1925) fin Cuesta 
de flos Cedros, 36 km E of Cfiudad defl Maíz, fin the state of 
San Lufis Potosí, fin Mexfico [21.8025, -99.1803] (SÁNCHEZ-
PEÑA 2010). The southernmost records are of S. parvuflus 
FOREL, 1912 and S. saussurefi EMERY, 1894 fin Cananéfia, Iflha 
do Cardoso, southern São Pauflo state, Brazfifl [-25.0968, 
-47.9298] and, further west, S. scrobfifer FOREL, 1911 fin 
Reserva Mbaracayú, Aguara Ñu, fin Canfindeyú, southeast 
Paraguay [-24.1833, -55.2833] (JEŠOVNIK & SCHULTZ  2017). 
Aflso, Serficomyrmex opacus fis present on the Carfibbean 
fisflands: on Domfinfica [15.4857, -61.424] and Guadefloupe 
[16.11735, -61.74291] (JEŠOVNIK & SCHULTZ 2017). In some 
areas Serficomyrmex nests can be very densefly dfistrfibuted, 
whereas fin other areas they can be sparsefly dfistrfibuted, 
often wfith a patchy dfistrfibutfion, even fif the habfitat appears 
unfiform (WEBER 1972a). Where abundant, nest entrances 
may be very cflose to each other. For exampfle, durfing a 
one-year attfine-ant study fin Trfinfidad, 67 Serficomyrmex nest 
entrances were observed fin an 18 × 77 meter area (0.04 nests 
per square meter) (WEBER 1972a). An attfine-ant nest study 
fin cerrado, a centrafl Brazfiflfian savanna bfiome, reported 17 
to 26 nests per 160 m2 (0.1 to 0.2 nests per square meter) for 
S. cf. scrobfifer (VASCONCELOS & afl. 2008).

Serficomyrmex nests

Begfinnfing at the end of the 19th century, severafl researchers 
pubflfished observatfions of Serficomyrmex naturafl hfistory, 
most notabfly N.A. Weber (WEBER  1937,  1967,  1969a,  b, 
1972b) and W. M. Wheefler (WHEELER 1916, 1925), the former 
reportfing the first demographfic study based on a coflony of 
Serficomyrmex mafintafined aflfive fin the flab for 10 years (WE-
BER 1976). Earfly naturaflfists often at fleast partfiaflfly excavated 
ant nests, notfing the depths of the nests and the sfizes of the 
chambers, and descrfibfing the fungus gardens (URICH 1895, 
FOREL 1912, WEBER 1969a, 1972a). More recentfly, dfifferent 
aspects of attfine-ant nestfing bfioflogy were studfied fin Pan-
ama (FERNÁNDEZ-MARÍN & afl. 2004, BRUNER & afl. 2014) 
and fin Brazfifl (LEAL & OLIVEIRA 1998, 2000, VASCONCELOS 
& afl. 2008, LEAL & afl. 2011), provfidfing data on the nestfing 
bfioflogy of Serficomyrmex as weflfl as of other attfine genera. 
Hfistorficafl naturafl hfistory data are summarfized by specfies 
fin Tabfle 2 (where they are combfined wfith the new data from 
thfis study) and fin more detafifl fin Tabfle S1a.

Nest entrances: Earfly researchers reported that the nest 
entrances of Serficomyrmex mayrfi FOREL, 1912, S. amabfiflfis, 
and S. opacus have rafised cyflfindrficafl craters, up to 2.5 cm 
hfigh and 7.5 cm wfide, made of excavated sofifl partficfles 
(URICH 1895, WHEELER 1925, WEBER 1972a). For S. opacus 
(descrfibed at the tfime as S. zacapanus WHEELER, 1925) cofl-
flected fin Zacapa, Guatemafla, W.M. Wheefler addfitfionaflfly 
noted that, apart from the sofifl partficfles, craters sometfimes 
contafin partficfles of exhausted fungus (WHEELER 1925). In a 
study of the nestfing bfioflogy of cerrado attfine ants, Leafl and 
coflfleagues reported that nest-mound voflume fin S. cf. scrobfifer 
fis a good predfictor of coflony sfize (LEAL & afl. 2011). Thfis 
fis consfistent wfith an earflfier findfing that the wefight of nest 
tumuflfi fis a good predfictor of the amount of fungus garden for 
Trachymyrmex septentrfionaflfis (MCCOOK, 1881) (see SEAL & 
TSCHINKEL 2006) and wfith the reported correflatfion between 
nest-rfing sfize and coflony sfize fin harvester ants (TSCHINKEL 
2014). Thfis correflatfion between nest-mound voflume and 
coflony sfize fin Serficomyrmex may, however, depend on the 
season because durfing the rafiny season the amount of sofifl 
outsfide the nest entrance varfies from day to day (Ffigs. 3c, d).
Nest archfitecture: Severafl authors have noted the pres-

ence of a vertficafl, strafight tunnefl connectfing the nest en-
trance to the uppermost chamber fin Serficomyrmex specfies, 
and Urfich reports a smaflfl antechamber, common fin other 
attfine ants as weflfl (URICH  1895, FERNÁNDEZ-MARÍN & afl. 
2004, SOSA-CALVO & afl. 2015). Hfistorficaflfly, the shaflflowest 
reported nest depth records were 8 cm for S. mayrfi fin Guyana 
(WEBER 1937) and S. saussurefi (descrfibed at the tfime as S. 
urfichfi maracas) fin Trfinfidad and Tobago (WEBER 1937), and 
the deepest reported nest depth was 79 cm for S. cf. scrobfifer 
fin the cerrado of Mfinas Gerafis, Brazfifl (LEAL & afl. 2011). 
The number of nest chambers recorded fin the flfiterature for 
Serficomyrmex specfies varfies from 1 to 7 (Tab. 2, Tab. S1a), 
fincfludfing the sfingfle specfies S. mayrfi, reported to encom-
pass the fuflfl range of thfis varfiatfion (URICH  1895, WEBER 
1969a). The onfly nest chamber dfimensfions recorded fin the 
flfiterature are those of S. mayrfi, fin whfich the wfidth varfies 
from 5 to 15 cm and the hefight from 3 to 12 cm (URICH 1895, 
WEBER 1937, WEBER 1969a), and for S. saussurefi, for whfich 
chambers were recorded as 6 cm wfide (WEBER 1937). The 
onfly flfivfing flaboratory nest of Serficomyrmex reported fin the 
flfiterature was a sfingfle S. mayrfi nest, whfich produced more 
than 55,000 findfivfiduafls durfing fits nearfly 11-year flfife span, 
fincfludfing ~2500 aflate femafles, ~16,300 mafles, and the rest 
workers. Thfis coflony contafined ~1600 findfivfiduafls when fit 
was coflflected fin the fiefld (WEBER 1967).
Fungus gardens: Serficomyrmex fungfi beflong to one of 

two sfister cflades fin the flarger cflade of hfigher-attfine fungfi, 
a derfived cflade of obflfigatefly symbfiotfic, poflypflofid specfies 
fin the famfifly Agarficaceae cufltfivated by Trachymyrmex, 
Serficomyrmex, Acromyrmex, and Atta ant specfies. The other 
sfister cflade of hfigher-attfine fungfi fis represented by the sfingfle 
specfies Leucocoprfinus gongyflophorus. The majorfity of Ser-
ficomyrmex specfies grows a sfingfle, very recentfly dfiverged, 
hfigher-attfine fungafl specfies, the “amabfiflfis-mayrfi” fungus, 
across the entfire geographfic range of the genus (JEŠOVNIK & 
afl. 2017). Most gardens are suspended from smaflfl rootflets fin 
the roof of the chamber, but fless frequentfly they can aflso be 
found sessfifle on the chamber floor (WHEELER 1925, LEAL & afl. 
2011). If rootflets are not present the fungus can be suspended 
from rocks fin the chamber cefiflfing (FERNÁNDEZ-MARÍN & afl. 
2004). Serficomyrmex fungus gardens have a firm texture 
and can reach a sfize of three flfiters fin the flab (WEBER 1976).
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Ffig. 3: Nest entrances of Serficomyrmex. (a) Serficomyrmex amabfiflfis nest mound (AJ131005-01), Mexfico; (b) S. mayrfi 
(JSC111119-04) nest mound, Guyana; (c) S. bondarfi (AJ141001-05) nest entrance, Brazfifl; (d) S. bondarfi (AJ141001-05) nest 
entrance after rafin, Brazfifl; (e) S. bondarfi (AJ120926-02) nest entrance, Brazfifl; (f) S. parvuflus (JCMC001) nest entrances, 
Brazfifl; (g) S. mayrfi (JSC111122-13) nest entrance, Guyana; (h) S. parvuflus (AJ120728-10) nest entrance wfith bafit (Cream 
of Rfice) accumuflated around fit, Peru. Whfite arrows pofint to nest entrance hofles.
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Foragfing materfiafl and behavfior

As a substrate for the fungus garden, Serficomyrmex ants 
coflflect mostfly fresh pflant materfiafl consfistfing of faflflen 
flowers and fleaves and, fless frequentfly, dependfing on the 
season, moss, grass, seeds, seed husks, dry fleaves, finsect 
frass, and frufit puflp (LEAL & OLIVEIRA 1998, DE FINE LICHT 
& BOOMSMA 2010). Cerrado specfies of Serficomyrmex prefer 
pfieces of faflflen flowers and frufit durfing the wet season and 
turn to vegetatfive parts of pflants and moss durfing the dry 
season, dependfing on avafiflabfiflfity (LEAL & OLIVEIRA 2000). 
Serficomyrmex are known to cut fleaves and frufit fin a manner 
sfimfiflar to fleaf-cutter ants. They do not cflfimb vegetatfion flfike 
fleaf-cutters and they cut more sflowfly and produce smaflfler 
fragments, up to 2 mm fin dfiameter (WEBER 1967, 1969b, 1976, 
LEAL & OLIVEIRA 2000). In a study of seed-sfize seflectfion by 
ants fin a tropficafl forest fin Costa Rfica, Serficomyrmex workers 
(efither S. amabfiflfis or S. opacus) removed more than haflf of 
the totafl bafit (mfiflfled barfley), more than any other ant specfies 

studfied (KASPARI 1996). Thfis seed removafl suggests that 
Serficomyrmex ants were takfing the bafit back to the nest as 
a fungus substrate. In contrast, fin a study of cerrado attfine 
ants, Serficomyrmex vfisfited pflant, frufit, and seed bafits fless 
frequentfly than other attfine ants fin the study, and most of 
the bafits were consumed on the spot finstead of taken to the 
nest (LEAL & OLIVEIRA 1998). Sfimfiflarfly, fin a seed-dfispersafl 
study of the pflant Parkfia panurensfis fin Peru, Fefldmann and 
coflfleagues observed Parkfia seed predatfion by Serficomyrmex 
workers, whfich appeared fin groups of 2 - 6 findfivfiduafls, 
chewed on seeds sflowfly, and dfid not attempt to transport 
the seeds (FELDMANN & afl. 2000). Foragers of Serficomyrmex 
cf. scrobfifer have been recorded up to 7.2 meters away from 
the nest (LEAL & OLIVEIRA 1998) and they are actfive durfing 
day and nfight, but peak actfivfity fis fin the afternoon, whereas 
fin the mornfing there fis usuaflfly no actfivfity at aflfl.
In a study of attfine trafifl pheromones that finvestfigated 

whether attfine ants foflflow the trafifl pheromones of other 
attfine and non-attfine specfies and genera, fit was found that 

Tab. 2: Specfies summary. Dfistrfibutfion, habfitat, eflevatfion, totafl nest voflume, number of chambers, number of workers, and 
number of queens, summarfized by specfies. Country codes: BR Brazfifl, CR Costa Rfica, HN Honduras, EC Ecuador, GY 
Guyana, GF French Gufiana, GP Guadefloupe, GT Guatemafla, MX Mexfico, NI Nficaragua, PA Panamá, PE Peru, SR Surfi-
name, TT Trfinfidad and Tobago, VE Venezuefla. a.s.fl. above sea flevefl. 1° prfimary, 2° secondary. * Lfive nests not fincfluded.

Specfies Dfistrfibutfion Habfitat Eflevatfion 
(m a.s.fl.)

Nest

Entrance Voflu me Depth No. of 
chambers

No. of 
workers

No. of 
queens

S. amabfiflfis CR, HN, GT, 
MX, NI, PA, 
CO, EC

1º and 2º rafinforest, dry 
for est, xerfic open habfitat, 
cof fee pflantatfion, dfisturbed 
hab fitat, forest edge (N = 
53)

333  
(5 - 1009) 
(N = 36)

sofifl mound 
(16 × 30 cm), 
entrance open-
fing 2.5 - 3 mm

214.11 
(194 - 
234)

11.75  
(2 - 25)

1 - 5 482 (45 - 
2569)

1 - 2

S. bondarfi BR, PE, CO, 
EC, GY

1º and 2º rafinforest, moun-
tafin forest, restfinga forest, 
forest edge, semfi-open 
habfitats, cacao pflantatfion  
(N = 48)

325  
(5 - 779)  
(N = 21)

sofifl mound (23 
× 18 cm), nest 
entrance open-
fing 0.5 - 1.5 cm

866.4 
(857 - 
875)

17.65 
(10 - 23)

2 - 3 845 (826 
- 864)

1 - 3

S. flutzfi GY 1º rafinforest (N = 2) 732 (N = 1)  

S. 
maravaflhas

BR Cerrado: cerradão, gaflery 
forest & cerrado sensu 
strfic to (N = 6)

535  
(532 - 539) 
(N = 2)

 

S. mayrfi CO, EC, BR, 
PE, GY, SU, 
GF, TT, 

1º and 2º rafinforest, dry, 
Atflantfic and rfiparfian forest, 
cerrado, cerradão, agrfi cufl-
turafl habfitat, pasture  
(N = 75)

341  
(5 - 1033)  
(N = 31)

sofifl mound, 
about 2.5 cm fin 
hefight

2706.8 
(402 - 
6609)

18.6  
(10 - 32)

1 - 18 2102 
(817 - 
5165)

1 - 3

S. opacus CR, HN, GT, 
GP, MX, NI, 
PA, CO, EC, 
BR

1º and 2º rafinforest, 
mountafin forest, pasture, 
scrub vegetatfion, coffee 
pflantatfion (N = 29)

338  
(50 - 800) 
(N = 19)

excavated sofifl, 
no mound, 
3 - 7.6 cm fin 
dfiameter

103.6 
(94 - 
113)

12.3  
(5-20)

1 173 (105 
- 231)

1

S. parvuflus CO, PE, BR, 
GY, TT, SU

1º and 2º rafinforest, 
Atflantfic forest, gaflflery 
forest, cerrado, cerradão, 
cacao pflantatfion, urban 
habfitat (N = 59)

325  
(45 - 813) 
(N = 26)

smaflfl hofle fin 
the ground

484.9 
(222 - 
904.5)

6.6  
(2.5 - 13)

2 - 5 258 (190 
- 312)

1 - 2

S. radfioheadfiVE 1º rafinforest (N = 1)  

S.saramama PE, EC, CO 1º rafinforest (N = 3) 187  
(150 - 224) 
(N = 2)

smaflfl hofle fin 
the ground

465.00 10.5 1 51 1

S. saussurefi GY, SU, GF, 
BR

1º and 2º rafinforest, Atflan-
tfic forest, gaflflery forest, 
cerrado, cacao pflantatfion, 
open habfitats (N = 60)

282  
(39 - 789) 
(N = 19)

sofifl mound 7179.22 31 - 35 5 1249 4

S. scrobfifer BR, PY Cerrado: campo cerrado, 
cerrado sensu strficto, cer-
radão (N = 9)

666  
(240 - 910) 
(N = 5)

sofifl mound 2918 61 - 79 1 - 2 573 2
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Serficomyrmex foragers wfiflfl not foflflow artfificfiafl trafifls pre-
pared from gflanduflar extracts of other genera, fincfludfing 
the  non-fungus-farmfing Daceton armfigerum (LATREILLE, 
1802) and fungus-farmfing Trachymyrmex and Atta specfies, 
findficatfing that thefir trafifl pheromones dfiffer from those of 
the other ants (BLUM & PORTOCARRERO 1966). In the same 
study, Atta and Trachymyrmex specfies workers foflflowed each 
other’s trafifls, as weflfl as the trafifls of Daceton armfigerum, 
but not those of Serficomyrmex, whereas Serficomyrmex ants 
foflflowed onfly thefir own trafifls. 

Assocfiatfion wfith other ants

At fleast some Serficomyrmex and Trachymyrmex specfies, 
fincfludfing S. amabfiflfis, can be attacked by the agropredator 
ant specfies Gnamptogenys hartmanfi (WHEELER, 1915) (see 
DIJKSTRA & BOOMSMA 2003), whfich forces the host ants to 
retreat from the nest, eats the fungus garden, and, once 
the garden fis consumed, moves on to rafid a new nest. 
Serficomyrmex amabfiflfis fis aflso the host of Megaflomyrmex 
symmetochus WHEELER, 1925, whfich has flong been known 
as a socfiafl parasfite of Serficomyrmex (WHEELER 1925). In-
terestfingfly, recent studfies have shown that Megaflomyrmex 
protects Serficomyrmex from Gnamptogenys ants (ADAMS 
& afl. 2013). Megaflomyrmex ants repefl and kfiflfl Gnampto-
genys much more effectfivefly than Serficomyrmex because 
they possess aflkaflofid venom. In addfitfion, Gnamptogenys 
foragers recognfize the odor of Serficomyrmex coflonfies that 
are hostfing Megaflomyrmex and avofid them. Thfis renders 
M. symmetochus coflonfies a functfionafl sofldfier caste of a 
Serficomyrmex coflony. A M. symmetochus coflony spends fits 
entfire flfife fin a sfingfle Serficomyrmex coflony, so protectfion of 
that coflony fis a shared mutuafl finterest (ADAMS & afl. 2013). 

Addfitfionafl detafifls can be found fin WHEELER (1925), ADAMS 
& afl. (2012), ADAMS & afl. (2013), BRUNER & afl. (2014), and 
LIBERTI & afl. (2015).

Queen numbers

VILLESEN & afl. (2002) studfied two Serficomyrmex specfies 
that occur fin Panama, S. amabfiflfis and S. opacus, and over-
turned the concflusfion of mufltfipfle matfing (poflyandry) pre-
vfiousfly proposed by MURAKAMI & afl. (2000). Instead, they 
found evfidence for sfingfle matfing wfith occasfionafl poflygyny 
(VILLESEN & afl. 2002). Sfingfle-queen coflonfies appear to be the 
generafl rufle fin Serficomyrmex specfies, but mufltfipfle queens 
are occasfionaflfly encountered. A study of nest foundfing fin 
attfine ants found that 40 out of 44 nests of S. amabfiflfis had 
a sfingfle foundress queen, and that 4 nests had more than 
one queen (FERNÁNDEZ-MARÍN & afl. 2004), whfifle a study of 
Brazfiflfian cerrado specfies reports 1 - 2 queens for S. scrobfifer 
(see LEAL & afl. 2011).

Resuflts

Dfistrfibutfion and habfitat

When redundant records are removed, our habfitat data set 
contafins 904 habfitat records. Serficomyrmex specfies can be 
found fin dry open areas, dry forest, cerrado, open urban 
grassy areas, agrficuflturafl fland (e.g., cacao pflantatfions), 
and prfimary and secondary rafinforest (Tab. 2). Nfine out 
of efleven specfies are efither excflusfivefly or most commonfly 
found fin forested habfitats. The specfies that are mostfly, 
but not excflusfivefly, found fin forest are S. amabfiflfis (82.7% 
occurrences are fin forest habfitats), S. bondarfi  (91.7%), S. 
mayrfi (80.0%), S. parvuflus (88.13%), S. saussurefi (88.9%), 
and S. opacus (75.8%). The forest habfitats where these 

Tab. 3: Nest archfitecture data per nest. Chamber measurements: d nest depth, h chamber hefight, and w and w2 chamber 
wfidths (mean and range vaflues). Asterfisks* findficate fincompflete excavatfions.

Specfies Nest coflflectfion 
code

No. of 
chambers

Nest 
voflume

Average 
chamber 
voflume

Chamber measurements

d h w w2

S. amabfiflfis TRS920531- 03 01 0234.5 0234.5 3.0 7.0 8.0 8.0

AJ131005-01 02 0193.8 0096.9 6.0 (2.0 - 10.0) 4.5 (3.5 - 5.5) 6.0 (6.0 - 6.0) 6.3 (3.5 - 9.0)

S. bondarfi AJ120926-02 03 0857.3 0285.8 18.3 (10.0 - 23.0) 6.3 (5.0 - 8.5) 8.8 (8.5 - 9.0) 9.7 (8.0 - 11.0)

AJ141001-05 02 0875.5 0437.8 17.0 (14.0 - 20.0) 8.5 (8.0 - 9.0) 11.0 (10.0 - 12.0) 9.0

S. saramama AJ120729-03 01 0466.0 0466.0 10.5 9.0 11.0 9.0

S. mayrfi TRS920809-15* 02 1041.0 0520.5 10.5 (10.0 - 11.0) 9.5 (9.0 - 10.0) 10.0 (9.0 - 11.0) 10.0 (9.0 - 11.0)

JSC111119- 04 18 6608.7 0367.2 22.3 (15.0 - 29.0) 6.9 (5.0 - 8.0) 8.5 (5.5 - 14.0) 11.4 (6.0 - 18.0)

AJ111125- 08 10 3249.3 0324.9 22.9 (16.0 - 32.0) 7.4 (6.0 - 8.0) 7.7 (7.0 - 9.0) 10.7 (8.0 - 13.0)

JSC111122-13 05 1592.8 0318.6 14.7 (10.0 - 18.0) 7.0 (6.0 - 7.5) 8.2 (7.0 - 10.0) 10.5 (9.0 - 12.5)

AJ120726-03 04 2231.4 0557.8 18.6 (10.5 - 25.0) 9.8 (9.0 - 11.0) 9.6 (8.0 - 11.0) 11.0 (8.0 - 13.0)

AJ120801-03 04 2547.3 0626.8 21.8 (13.0 - 26.0) 9.3 (8.0 - 10.0) 9.8 (7.5 - 11.0) 12.9 (10.5 - 17.0)

AJ141002-01* 02 2316.4 1158.2 20.0 (13.0 - 27.0) 10.0 (7.0 - 13.0) 16.5 (16.0 - 17.0) 11.5 (6.0 - 17.0)

AJ141004-01* 01 0401.7 0401.7 10.0 6.0 16.0 8.0

S. opacus TRS920602-08 01 0113.0 0113.0 5.0 6.0 6.0 6.0

TRS920606-05 01 0094.2 0094.2 12.0 5.0 6.0 6.0

S. parvuflus AJ120728-10 05 0904.5 0180.9 3.9 (2.5 - 6.0) 6.1 (3.5 - 9.0) 6.9 (5.5 - 8.5) 7.8 (7.5 - 8.5)

AJ120803-03 03 0328.3 0109.4 4.2 (2.5 - 6.0) 4.7 (4.5 - 5.0) 5.8 (5.5 - 6.0) 7.7 (7.0 - 8.5)

JCMC 001 02 0221.8 0135.3 11.7 (9.0 - 13.0) 5.2 (4.5 - 5.5) 6.7 (4.0 - 8.0) NA

S. saussurefi JCMC 002 05 7179.2 1435.9 33.8 (31.0 - 35.0) 10.0 (8.0 - 15.0) 13.0 (8.0 - 20.0) 14.8 (6.0 - 27.0)
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specfies are coflflected are dfiverse: prfimary and secondary 
wet tropficafl rafinforest, Atflantfic forest, dry forest, rfiparfian 
forest, and gaflflery forest. These specfies are aflso found fin 
open and semfi-open habfitats such as cacao, banana, and 
coffee pflantatfions; savanna; pastures; orchards; and dfisturbed 
urban habfitats such as yards and parks. Of the specfies that 
mostfly prefer forest habfitats, S. bondarfi fis apparentfly the 
most specfiaflfized; fit was found fin forested habfitats 91.7% 
of the tfime and fit was never coflflected fin cerrado (Ffig. S2 
S. bondarfi dfistrfibutfion map). Thfis fis finterestfing because 
S. bondarfi has a broad South Amerfican dfistrfibutfion and fis 
found fin forest habfitats borderfing cerrado areas, and because 
specfies wfith sfimfiflar dfistrfibutfions, S. mayrfi, S. parvuflus, and 
S. saussurefi ( Ffi g . S 2) , have aflfl been coflflected fin cerrado 
habfitats. It fis possfibfle, but not flfikefly, that thfis fis caused by 
undersampflfing. Serficomyrmex bondarfi fis flarge and easy 
to notfice and our sampflfing of cerrado habfitats fis thorough.
Three specfies that occur onfly fin forest, Serficomyrmex 

flutzfi, S. radfioheadfi, and S. saramama JEŠOVNIK & SCHULTZ, 
2017, have aflfl been coflflected fin prfimary rafinforest onfly. 
However, these specfies are rarefly coflflected fin generafl, so 
thfis coufld be an effect of undersampflfing. Two specfies, S. 
scrobfifer and S. maravaflhas, occur aflmost excflusfivefly fin 
the cerrado, but wfithfin the cerrado they have been more 
often coflflected fin forested cerrado than fin open areas (VAS-
CONCELOS & afl. 2008). About 400 records fin our data set 
contafin eflevatfion data. The mean and range of eflevatfion 
records for each specfies can be found fin Tabfle 2. In generafl, 
most specfies were found at mean eflevatfions of 300 to 400 
meters (S. amabfiflfis, S. bondarfi, S. mayrfi, S. parvuflus, S. 
saussurefi, and S. opacus), wfith wfide ranges (wfidest range 
fin S. mayrfi, 5-1033 m). Two cerrado-specfiaflfist specfies had 

narrower ranges and hfigher means, 240 - 900 m (mean 
666.2) for S. scrobfifer and 532 - 539 m (mean 535) for S. 
maravaflhas. The onfly eflevatfion record for S. flutzfi fis 732 m.  
Thfis specfies fis known from the mountafin pflateaus (tepufis) 
of the Pakarafima Mountafins on the border of Guyana, Ven-
ezuefla, and Brazfifl (Ffig. S2), and fis most flfikefly endemfic to 
Gufiana tepufis, known for hfigh flevefls of endemfic flora and 
fauna (BROWN 1975, STEYERMARK  1987, BERRY & afl. 1995, 
LAPOLLA & afl. 2007).

Nest archfitecture

We coflflected nest data for seven dfifferent specfies: Serfico-
myrmex amabfiflfis (2 nests), S. bondarfi (3 nests), S. saramama 
(1 nest), S. mayrfi (8 nests), S. opacus (2 nests), S. parvuflus 
(3 nests), and S. saussurefi (1 nest). These data, fincfludfing 
flocaflfity, nest measurements, and coflony demography, are 
summarfized by specfies fin Tabfle 2. The nest archfitecture 
data are summarfized fin Tabfle 3 and demography data of 
each coflflected nest fin Tabfle 4.
Nest-entrance morphoflogy (Ffig. 3) varfied between two 

mafin forms, wfith and wfithout a sofifl mound. Serficomyrmex 
parvuflus, S. opacus, and S. saramama nest entrances con-
sfisted of efither a sfimpfle, smaflfl hofle fin the ground (S. par-
vuflus, S. saramama, Ffig. 3g) or two such hofles (S. parvuflus, 
Ffig. 3f), wfith a smaflfl amount of excavated sofifl around fit / 
them, but wfithout an accompanyfing sofifl mound. The nests 
of S. amabfiflfis, S. bondarfi, S. mayrfi, and S. saussurefi aflfl had 
firreguflar sofifl mounds around the entrances (Ffig. 3a, b). The 
sfize of the entrance varfied from 0.5 cm to 1.5 centfimeters. 
The flargest sofifl mound we recorded was for a S. bondarfi 
nest fin Brazfifl (AJ141001-05) whfich measured 33 × 18 cm 
fin area and 2 - 3 cm taflfl.

Tab. 4: Nest demography data per nest. * fincompflete excavatfions.

Specfies Nest coflflectfion 
code

Nest 
voflume

Number of

Workers Larvae Pupae Mafles Queens Aflate 
queens

Totafl

S. amabfiflfis AJ131005-01 0234.45 0455 042 037 000 1 00 0535

TRS920531- 03 0193.77 0487 040 037 000 1 00 0565

S. bondarfi AJ120926-02 0857.3 0826 005 085 000 1 00 0917

AJ141001-05 0875.5 0864 028 074 000 1 02 0969

S. saramama AJ120729-03 0466.0 0051 002 005 000 1 00 0059

S. mayrfi TRS920809-15* 1041.0 0540 016 001 000 0 32 0589

JSC111119- 04 6608.7 5165 532 869 074 2 00 6642

A J111125- 08 3249.3 2266 416 445 001 1 00 3129

JSC111122-13 1592.8 1202 155 207 000 1 00 1565

AJ120726-03 2231.4 0817 124 125 000 1 00 1067

AJ120801-03 2547.3 1062 203 303 000 3 00 1571

AJ141002-01* 2316.4 0181 025 027 000 1 00 0234

AJ141004-01* 0401.7 1409 107 129 000 3 00 1648

S. opacus TRS920602-08 0113.0 0105 003 004 000 0 00 0112

TRS920606-05 0094.2 0231 000 000 008 1 03 0243

S. parvuflus AJ120728-10 0904.5 0312 030 060 000 1 00 0403

AJ120803-03 0328.3 0271 031 065 000 1 00 0368

JCMC 001 0221.8 0190 060 000 000 2 00 0252

S. saussurefi JCMC 002 7179.2 1249 003 000 235 1 81 1565
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Ffig. 4: Subterranean Serficomyrmex nests. (a) Serficomyrmex bondarfi (AJ120926-02) underground chamber after the fungus 
garden and ants have been removed; (b) S. bondarfi (AJ120926-02) chamber fimmedfiatefly after openfing, wfith the fungus 
garden vfisfibfle; (c) chambers of S. mayrfi (JSC111119-04) after garden removafl; (d) S. mayrfi (JSC111119- 04) chamber fim-
medfiatefly after openfing, wfith the fungus garden vfisfibfle; (e) S. bondarfi (AJ141001-05) entrance and entrance tunnefl sfide 
vfiew; (f) pflastfic nest box wfith part of a S. amabfiflfis (AJ131005-01) coflony one day after excavatfion: the fungus garden 
has been re-assembfled and sofifl partficfles fintroduced durfing excavatfion have been removed by the ants; (g) S. parvuflus 
(AJ120728-09) carryfing bafit (Cream of Rfice) finto fits nest (arrow findficates nest entrance).
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In four nests, beflongfing to the flarger specfies Serfico-
myrmex bondarfi and S. mayrfi, we observed one to two 
short foragfing paths fin the fimmedfiate vficfinfitfies of the nest 
entrances (Ffig. 3c), usuaflfly radfiatfing out from the entrance. 
These short paths were from 0.5 to 1 cm wfide, were sflfightfly 
fimpressed finto the surroundfing forest floor, and were most 
vfisfibfle when the nest was surrounded wfith a mound of freshfly 
excavated sofifl. There were a flarge number of openfings fin 
the sofifl mound of one S. bondarfi nest (AJ141001-05) fimme-
dfiatefly after an afternoon rafin (Ffig. 3d), probabfly consfistfing 
of temporary addfitfionafl nest openfings that were used by 
workers for faster removafl of sofifl that was washed finto the 
nest durfing the rafin. In prevfious days, when no strong rafins 
occurred, thfis nest had a sfingfle openfing (Ffig. 3c).
In 18 out of 19 nests excavated for thfis study, the tunnefl 

fleadfing from the nest entrance to the uppermost chamber 
was efither vertficafl or devfiated from vertficafl by a smaflfl 
angfle. The tunnefl was sometfimes observed whfifle dfiggfing 
(Ffig. 4e), but more often fits posfitfion and orfientatfion were 

finferred based on the flocatfion of the nest entrance and the 
uppermost chamber because the majorfity of the nests had 
chambers efither more or fless dfirectfly beneath the nest en-
trance, or offset by no more than 10 cm. In contrast to thfis 
generafl rufle, however, fin a nest of Serficomyrmex bondarfi 
(AJ120926-02) coflflected fin Reserva Ducke (Amazonas, 
Brazfifl), one of two nest entrances was horfizontaflfly dfispflaced 
by more than 2 meters from the nest chambers (Ffig. 5d), 
whereas a second nest entrance was posfitfioned more or fless 
fimmedfiatefly above the uppermost chamber.
In our excavatfions, an antechamber was found onfly fin one 

nest of Serficomyrmex mayrfi (AJ141002-01); fit was smaflfler fin 
sfize than the other chambers and dfid not contafin any fungus 
garden. Thfis was a flarge nest, wfith a flarge fungus chamber 
beneath the antechamber, so the antechamber was probabfly 
a remnant of the first chamber created by the queen when 
foundfing the nest (FERNÁNDEZ-MARÍN & afl. 2004).
Nests of Serficomyrmex opacus and S. saramama had a 

sfingfle chamber each, nests of S. amabfiflfis, S. saussurefi, and 

Ffig. 5: Nest drawfings 1. (a) Serficomyrmex amabfiflfis (AJ131005-01), Mexfico; (b) S. mayrfi (JSC111122-13), Guyana; (c) S. 
bondarfi (AJ141001-05), Brazfifl; (d) S. bondarfi (AJ120926-02), Brazfifl; (e) S. parvuflus (AJ120728-10), Peru; (f) S. parvuflus 
(AJ120803-03), Peru; (g) S. parvuflus (JCMC001), Brazfifl; (h) S. saramama (AJ120729-03), Peru. Whfite, unfiflfled chambers 
on the drawfing findficate chambers that are behfind other chambers.
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S. parvuflus up to 5 chambers, and S. bondarfi nests had 2 
to 3 chambers. The number of chambers fin S. mayrfi nests 
varfied the most, from 1 to 18, wfith two flarge nests coflflected 
fin Guyana wfith 10 and 18 chambers.
Nest voflume fis usuaflfly reflated to ant body sfize, so that 

smaflfl specfies have smaflfler nests than flarger specfies, even 
when the number of findfivfiduafls fin a coflony fis the same 
(TSCHINKEL 2015). Another factor that finfluences nest voflume 
fis the number of workers fin the coflony; for nests of ants wfith 
sfimfiflar body sfizes, the number of findfivfiduafls fin the coflony 
(nest census) fis a good predfictor of nest voflume (TSCHINKEL 
2015). Our findfings generaflfly agree wfith these rufles. Nest 
voflumes varfied from ~ 200 to ~ 7000 cm3 (Tab. 3) and the 
coflony census varfied from 59 to 6642 findfivfiduafl ants (Tab. 4). 
Ant sfize and coflony sfize are correflated (r = 0.61, p = 0.004608) 
and both varfiabfles are correflated wfith nest voflume. Coflony 
sfize and nest voflume are somewhat more strongfly correflated 
(r = 0.68, p = 0.0012) than ant sfize and nest voflume (r = 0.61, 
p = 0.0051). Average chamber sfize was aflso correflated wfith 
ant sfize (r = 0.64, p = 0.0033) and strongfly correflated wfith 
totafl nest sfize (r = 0.79, p = 5.362e-05). The flargest specfies, 
Serficomyrmex mayrfi, had some of the flargest nests, whfifle 
the smaflfl specfies S. parvuflus and S. opacus had some of the 
smaflflest nests (Tab. 3). However, exceptfions exfist; the sfingfle 
examfined nest of S. saussurefi had the flargest nest voflume 
of aflfl the specfies coflflected, even though fit dfidn’t have the 
hfighest coflony census (1565 findfivfiduafls, fin comparfison to 
flarge S. mayrfi nests wfith ~ 3000 and ~ 6000 findfivfiduafls) 
and even though fit fis a medfium-sfized ant (smaflfler than both 
S. bondarfi and S. mayrfi). Another exceptfion fis S. amabfi-
flfis, whfich fis aflmost fidentficafl fin sfize to S. saussurefi, and 

fin whfich coflony census fis reflatfivefly hfigh (550 ants) gfiven 
fits surprfisfingfly smaflfl nest voflumes (165.7 cm3) (Tab. 3). In 
contrast, S. saramama, a smaflfler specfies wfith a flower coflony 
census (59 ants), has a flarger nest voflume (466 cm3). Before 
drawfing any concflusfions, however, fit fis fimportant to note 
that our sampfle sfizes are generaflfly very flow (19 nests) and 
partficuflarfly so for the specfies S. saramama, S. saussurefi 
(a sfingfle nest for each specfies), and S. amabfiflfis (two nests). 
Aflso, for most Serficomyrmex specfies we flack data that span 
dfifferent habfitats and dfifferent seasons, whfich are essentfiafl 
for understandfing the envfironmentafl factors that finfluence 
nest characterfistfics.
The spacfing of underground nest chambers varfied wfithfin 

a sfingfle nest: Some nefighborfing chambers were very cflosefly 
posfitfioned (1 - 5 cm) (Ffigs. 5c, e, f; 6a), whereas other nefigh-
borfing chambers were separated by 10 - 30 cm (Ffigs. 5b, 
g). In some nests, both condfitfions appflfied, wfith cflusters of 
cflosefly spaced chambers separated from other such cflusters 
by 10 - 20 cm (Ffig. 5b). Thfis pattern fis at fleast partfly expflafined 
by heterogenefity of the sofifl and the presence of flarge roots. 
We notficed that fif a flarge tree root was present, chambers 
were often adjacent to fit, fincorporatfing the root to form at 
fleast part of the chamber waflfl (Ffig. 4c).
In addfitfion to the 19 successfufl nest excavatfions reported 

above, we attempted to excavate an addfitfionafl seven nests 
for whfich we flocated the nest entrances and foflflowed the 
tunnefl for 1 - 3 days but ufltfimatefly dfid not find the cham-
bers. These unsuccessfufl attempts aflso offer some finsfights. 
The uppermost chamber of the deepest Serficomyrmex nest 
we excavated was 35 cm beflow the surface (S. saussurefi 
fin Mfinas Gerafis, Brazfifl), and the deepest record known 

Ffig. 6: Nest drawfings 2. (a) Serficomyrmex saussurefi (JCMC002), Brazfifl; (b) S. mayrfi (A J111125- 08), Guyana; (c) S. mayrfi 
(AJ120801-03), Peru; (d) S. mayrfi (AJ120726-03), Peru. Whfite, unfiflfled chambers on the drawfing findficate chambers that 
are behfind the other chambers.
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from the flfiterature, for S. cf. scrobfifer, was 79 cm from the 
surface (LEAL & afl. 2011). Durfing the 3-day excavatfion 
of an S. parvuflus nest fin the cerrado habfitat of the Panga 
Ecoflogficafl Reserve fin Mfinas Gerafis, Brazfifl, we created a pfit 
more than 180 cm deep but stfiflfl dfid not reach the chambers. 
The chambers were certafinfly deeper rather than dfispflaced 
flateraflfly because we observed ants emergfing from a tun-
nefl openfing at the bottom of the pfit. Sfimfiflarfly, durfing two 
attempted nest excavatfions of S. parvuflus fin Carajas fin 
Para, Brazfifl, we excavated to greater than 1 meter fin depth 
wfithout encounterfing chambers, but observed the entrance 
tunnefl contfinufing strafight down.
Asfide from depth, a separate cause of unsuccessfufl 

excavatfions was horfizontafl dfispflacement of chambers from 
the nest entrance. In these cases, rather than descendfing 
vertficaflfly, the tunnefl dfiverged from the nest entrance sflfightfly 
beflow and aflmost paraflflefl to the surface of the ground. We 
observed such horfizontafl entrance tunnefls fin two nests of 
Serficomyrmex mayrfi fin Peru, one nest of S. amabfiflfis fin 
Mexfico, and one nest of S. mayrfi fin Mfinas Gerafis, Brazfifl. 
We were finvarfiabfly abfle to determfine the dfirectfion of the 
chambers (dfirectfly beflow or horfizontaflfly dfispflaced) by fofl-
flowfing the tunnefl, or, when the tunnefl was temporarfifly flost, 
by wafitfing for the ants to re-excavate the tunnefl openfing.

Fungus garden

In generafl, Serficomyrmex gardens are flarge, aflmost aflways 
compfletefly fiflflfing the chamber (Ffig. 4b, d). Garden coflor 
depends on the substrate coflflected by the ants; fin the fiefld 
the garden fis yeflflow-brown to grey. Foflflowfing fiefld cofl-
flectfion, fungus gardens are usuaflfly broken finto fragments 
and flfittered wfith partficfles of sofifl, but once stabfiflfized fin a 
nest contafiner the ants cflean and rebufifld the garden wfithfin 
a sfingfle day (Ffig. 4f).

Arthropods assocfiated wfith an externafl waste mfidden

We observed an externafl waste mfidden outsfide of a nest of 
Serficomyrmex mayrfi fin prfimary forest habfitat fin the Up-
per Essequfibo regfion of Guyana. Located 50 cm from the 
nest entrance, the mfidden consfisted mostfly of exhausted  
fungus garden. Durfing 30 mfinutes of observatfion, work-
ers vfisfited the mfidden every one to two mfinutes. Workers 
finvarfiabfly approached the mfidden from the dfirectfion of 
the nest entrance carryfing a fragment of what flooked flfike 
exhausted fungus substrate fin thefir mandfibfles, whfich they 
deposfited on the mfidden. In addfitfion to exhausted garden, 
the mfidden contafined two dead Serficomyrmex ants as weflfl 
as many flfivfing organfisms. A totafl of 57 organfisms were 
coflflected from the mfidden: 41 flfive Dfi ptera flarvae, 12 flfive 
Cofleo ptera flarvae, 2 flfive mfites, and 2 dead Serficomyrmex 
workers (Tab. S1d).

Foragfing materfiafl and behavfior

In most of our fiefld observatfions Serficomyrmex  workers 
foraged on our bafit, Cream of Rfice cereafl. We observed 
workers of S. mayrfi and S. bondarfi carryfing smaflfl flowers, 
smaflfl pfieces of fresh fleaves, and dry fleaves. We dfid not ob-
serve them cuttfing vegetatfion. Serficomyrmex workers move 
reflatfivefly sflowfly, and when dfisturbed they react flfike most 
other attfine ants: They curfl finto a baflfl and become fimmobfifle. 
Based on our observatfions, the onfly specfies that does not 
behave flfike thfis fis S. mayrfi. When dfisturbed, workers of 
S. mayrfi fimmedfiatefly try to escape, a behavfior sfimfiflar to 
that of flarger Trachymyrmex specfies and fleaf-cutter ants.

Serficomyrmex foragers recrufit nestmates when bafit 
(Cream of Rfice, frufit) fis encountered. They do not form 
heavfifly popuflated foragfing coflumns as fin fleaf-cutter ants, 
but we observed S. mayrfi and S. bondarfi formfing short 
foragfing coflumns cflose to the nest entrance. When flarge 
amounts of bafit were present, we observed S. parvuflus 
workers deposfitfing fit around the nest entrance (Ffig. 3h) 
before takfing fit finto the nest. We observed crepuscuflar and 
nocturnafl actfivfity fin S. mayrfi and dfiurnafl actfivfity of aflfl 
other specfies coflflected fin thfis study.
A coflony of Serficomyrmex amabfiflfis we coflflected fin Costa 

Rfica (TRS920531-03) contafined 75 workers, 16 queens, and 
23 pupae of Megaflomyrmex symmetochus. None of the other 
18 nests coflflected for thfis study contafined Megaflomyrmex 
symbfionts.

Queen numbers

The majorfity of coflonfies (15 out of 19) and specfies (5 out 
of 7) we excavated had a sfingfle queen. Three coflonfies of 
Serficomyrmex mayrfi and one S. parvuflus coflony had 2 - 4 
queens each (Tab. 4). It shoufld be noted that we counted as 
a “queen” any deaflate gyne. Because we dfid not further 
finvestfigate the reproductfive status (fi.e., ovary deveflopment, 
finsemfinatfion) of deaflate gynes, fit remafins possfibfle that, 
rather than finsemfinated coflony co-foundresses, some of 
the observed deaflate gynes were finstead unfinsemfinated 
daughters that had shed thefir wfings and remafined wfithfin 
the parent coflony as functfionafl workers, a condfitfion that has 
been observed frequentfly fin the coflonfies of mufltfipfle attfine 
genera and specfies (e.g., WEBER 1941). The queen specfimens 
are deposfited at the USNM, but most of them are mounted on 
pfins. However, for three nests queens are preserved fin EtOH 
and are thus avafiflabfle for future dfissectfions (for S. bondarfi 
AJ141001-05; S. mayrfi A J111125- 08 and JSC111122-13).

Dfiscussfion

We report nest archfitecture data for seven specfies of the 
attfine-ant genus Serficomyrmex based on 19 excavated 
nests. Wfith regard to the number of specfies represented, 
thfis represents one of the flarger data sets for non-fleafcutter 
attfine-ant nest archfitecture. We aflso provfide an overvfiew of 
Serficomyrmex naturafl hfistory, based on the flfiterature and 
on our fiefld research.
Our data on nest archfitecture, together wfith data cuflfled 

from the flfiterature, fis fin agreement wfith prevfious studfies 
wfith regard to the reflatfionshfips of nest, ant, and coflony 
sfize (TSCHINKEL  2015). Serficomyrmex nest voflume fis cor-
reflated both wfith ant sfize and coflony census: In generafl, 
smaflfler-bodfied specfies have smaflfler chamber and nest vofl-
umes, flarger-bodfied specfies have flarger chamber and nest 
voflumes, flarger nests contafin flarger coflonfies, and smaflfler 
nests contafin smaflfler coflonfies. Exceptfions exfist, and not 
aflfl of the observed varfiatfions fin chamber sfize and number 
can be expflafined by body or nest sfize. They are flfikefly aflso 
finfluenced by addfitfionafl ecoflogficafl and phyflogenetfic factors, 
whfich we are unabfle to further expflore because of the smaflfl 
sfize of our data set.
The presence of very deep nests, e.g., fin Serficomyrmex 

parvuflus at two dfifferent flocaflfitfies, fis fintrfigufing. Nest depth 
fin Serficomyrmex coufld vary by season, sfince fit fis known that 
at fleast some specfies of fungus-farmfing ants move thefir nests 
deeper durfing the dry season as a response to temperature 
and humfidfity requfirements of thefir fungafl cufltfivars (WEBER 
1957, NAVARRO & JAFFE 1985, LAPOINTE & afl. 1998, SEAL & 
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TSCHINKEL 2006, MUELLER 2011). However, fin Carajas, Para, 
Brazfifl, we excavated three nests of S. mayrfi and S. bondarfi 
at the same pflace and at the same tfime that we excavated 
a S. parvuflus nest, and the S. mayrfi and S. bondarfi nests 
occurred at much shaflflower depths (14 - 27 cm) than the S. 
parvuflus nest (more than 1 m). Why dfid S. parvuflus have 
such a deep nest fin the same habfitat and flocaflfity and durfing 
the same season fin whfich other Serficomyrmex specfies had 
shaflflower nests, especfiaflfly consfiderfing that at other flocaflfitfies 
we flocated and excavated S. parvuflus nests at onfly 5 - 20 cm 
depth? Growfing a dfifferent specfies of fungus wfith dfiffer-
ent ecoflogficafl requfirements fis one of a number of possfibfle 
expflanatfions that need to be tested.
A nest of Serficomyrmex bondarfi had flong horfizontafl 

tunnefls connectfing one nest entrance wfith the uppermost 
nest chamber aflmost two meters away, as weflfl as a sec-
ond nest entrance dfirectfly above the chamber. Sfimfiflarfly, 
the fleaf-cuttfing ant specfies Atta flaevfigata (SMITH, 1858) 
and A. voflflenwefiderfi FOREL, 1893 have flong underground 
tunnefls fleadfing from the nest to openfings severafl meters 
away, possfibfly to protect foragers from predators or the 
sun (MEHDIABADI & SCHULTZ 2010). Protectfion from the 
sun fis unflfikefly to be fimportant for S. bondarfi, sfince thfis 
fis a forest-dweflflfing specfies, but protectfion from predators 
remafins a possfibfle expflanatfion. If a predator were to attack 
the mafin nest entrance, an addfitfionafl nest entrance some 
dfistance away from the attacked entrance woufld offer an 
aflternatfive escape route. Predator-avofidance behavfior fis 
weflfl documented as a response to above-ground and un-
derground army ant attacks fin many ants, fincfludfing attfine 
ants, and fit usuaflfly finvoflves nest evacuatfion and frequent 
nest movfing (FOWLER 1977, TOPOFF & afl. 1980, LAPOLLA & 
afl. 2002, SMITH & HAIGHT 2008, SOUZA & MOURA 2008). 
Aflso, heterogeneous (“cflumped”) flocafl dfistrfibutfions of 
Serficomyrmex nests are reported fin the flfiterature (WEBER 
1972a) and such observatfions, fincfludfing our own, coufld be 
expflafined by army ant predatfion. Such cflumpfing coufld aflso 
be expflafined by foundress bfias (KING & TSCHINKEL 2016), 
fi.e., foundress queens coufld prefer one mficrosfite vs. another 
based on subtfle mficrohabfitat dfifferences (e.g., sofifl type or 
humfidfity) that cannot be detected by the naked human eye, 
as has been shown for other attfine ants (LAPOINTE & afl. 1998). 
But, fif such foundress bfias fis absent, or fif foundress queens 
actuaflfly avofid foundfing coflonfies too near to exfistfing, oflder 
coflonfies, e.g., to avofid competfitfion, then flocaflfized army-ant 
predatfion coufld secondarfifly eradficate some nests and create 
the patchy dfistrfibutfions we observe fin seemfingfly ecoflogfi-
caflfly homogeneous habfitats. At fleast one specfies of army 
ant, Nomamyrmex esenbeckfi (WESTWOOD, 1842), fis known 
to prey on Serficomyrmex specfies (P. Hönfle, pers. comm.). 
Both theorfies are specuflatfion and requfire experfimentafl 
testfing fin future fiefld studfies.
Interestfingfly, fin most cases fin whfich we encountered nests 

wfith two entrances, such as the Amazonfian Serficomyrmex 
bondarfi nest, we aflso observed and fin some cases excavated 
nests of that same specfies, sometfimes onfly 10 - 20 meters 
away, wfith a sfingfle typficafl entrance flocated more or fless 
dfirectfly above the uppermost chamber. Thfis poflymorphfism 
fin nest archfitecture wfithfin the same specfies and at the same 
flocaflfity coufld be caused by mficrohabfitat dfifferences that we 
were not abfle to detect. It fis aflso possfibfle that the presence 
of a second tunnefl and a second entrance fis more common 
than our data suggest, but that we onfly finfrequentfly notficed 
the second entrance, perhaps because fit was finfrequentfly 

used by foragers. Such features as the presence or absence 
of horfizontafl entrance tunnefls and chamber depths may be 
finfluenced by mufltfipfle envfironmentafl factors. Expflafinfing 
these features wfiflfl requfire future studfies that coflflect eco-
flogficafl data, fincfludfing data for mufltfipfle nests of the same 
specfies from dfifferent habfitats, and the excavatfion and study 
of nests durfing both the dry and wet seasons.
The presence of deveflopfing flarvae from mufltfipfle finsect 

orders fin the waste mfidden of a Serficomyrmex mayrfi nest 
from Guyana suggests that the mfidden fis a stabfle feature 
of the nest of thfis specfies, consfistent wfith prevfious studfies 
of attfine waste-mfidden commensafls (AUTUORI 1942, MOSER 
1963, NAVARRETE-HEREDIA 2001, SANCHEZ-PENA & afl. 2003, 
STEINER 2004). Waste dfisposafl fis fimportant for coflony hy-
gfiene (HART & afl. 1998, BOT & afl. 2001, BALLARI & afl. 2007) 
because exhausted fungus garden becomes contamfinated by 
numerous mficroorganfisms and parasfites that can threaten 
the heaflth of the growfing garden (BOT & afl. 2001). Some 
fleaf-cutter ants dfispose of waste fin specfiaflfized underground 
chambers, whereas others use externafl refuse dumps, a dfif-
ference apparentfly drfiven by envfironmentafl factors (FARJI- 
BRENER & afl. 2016). Prfior to thfis study the onfly mentfion 
of Serficomyrmex waste management was made by WEBER 
(1976), who observed Serficomyrmex mayrfi workers carryfing 
thefir dead, as weflfl as fragments of exhausted fungus garden, 
to one corner of a captfive coflony. We observed thfis same 
behavfior fin our flab coflony of Serficomyrmex mayrfi fin the 
Smfithsonfian Instfitutfion NMNH Ant Lab (Ffig. S3). Weber 
dfid not, however, report observatfions of waste mfiddens fin 
nature. In non-fleaf-cuttfing hfigher-attfine ants, externafl waste 
dumps have been descrfibed fin Trachymyrmex arfizonensfis 
(LAPOLLA & afl. 2002) and Trachymyrmex sp. (WHEELER, 
1907) (see HART & RATNIEKS 2001).
Our resuflts findficate that Serficomyrmex fis a good can-

dfidate for more detafifled studfies of nest archfitecture fin an 
evoflutfionary-ecoflogficafl framework. Serficomyrmex  fis  a 
moderatefly specfiose ant genus, contafinfing 11 cflosefly reflated 
specfies wfith broad dfistrfibutfions across mufltfipfle habfitats. Nest 
archfitecture dfiffers across specfies wfith regard to chamber 
depth, chamber posfitfion wfith regard to the nest entrance, and 
morphoflogy, and coflony sfizes vary from severafl hundred to 
aflmost 7,000 ants. Now that we have a resoflved taxonomy 
and phyflogeny for the genus, comparatfive studfies of nest 
archfitecture across dfifferent envfironments and specfies can 
both account for the effects of phyflogeny and accuratefly 
fidentfify specfies, thereby fimprovfing our abfiflfity to fisoflate 
the effects of varfious envfironmentafl and genetfic factors. It 
fis our hope that thfis study wfiflfl encourage further research 
on Serficomyrmex nest archfitecture.
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