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Seasonal and Nocturnal Periodicities in Ant Nuptial Flights 
in the Tropics (Hymenoptera: Formicidae) 

by 

Juan A Torres1, Roy R. Snelling2 and Miguel Canals3 

ABSTRACT 

Nocturnal nuptial flights of ants were studied at Guaynabo and 
Guan.tea in the tropical island of Puerto Rico. A great proportion of the 
species had a high frequency of flights during the year with little 
seasonality in the frequency of flights. Flights were less frequent during 
the dry season. Nuptlal flights at Guaynabo occurred mostly during the 
post-sunset (18:30-22:30) and pre-dawn (04:00-06:00) hours. Few 
flights occurred between these two periods. The number of flights was 
fewer and flights on the average smaller in size in the Guamca dry forest 
than at Guaynabo. There was little differentiation in the flight patterns 
of species belonging to the same genus. All-male flights were more 
common than all-female flights, but in some species the pattern was 
reversed. One-sex fll.ghts were commoner than flights :In which both 
sexes were present. Usually more males were captured on a nuptial 
flight than females, but in some months or in some species the pattern 
was reversed. The lack of llight synchronization between the sexes 
results in a great loss of reproductive effort in most species. 1bis lack 
of synchronization implies that mating success cannot be estimated by 
the relative abundance of queens and males in nests. 

Key words: ants, dry forest. nuptial flights, Puerto Rico, sex ratio. 
seasonality, tropics. 

INTRODUCTION 

Ants have different ways to establish new colonies. Many species 
have winged alates that participate in nuptial flights. and after copu
lation the young queens establish a new colony. Species in which 
females fly toward male aggregations have tightly synchronized flights 
(Holldobler & Wilson 1990). In some species, one sex has lost the 
capacity to fly and mating occurs in or near the nest. When females are 
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wingless. they attract the winged males: and nuptial flJghts do not 
appear to be well synchronized (Holldobler & Wilson 1990). Other 
species practice colony budding 1n which reproductives are accompa
nied by workers to establish a new colony. 

Most data on ant nuptial flights deal with species from temperate 
zones (Clark & HainUne 1975, Yamauchi et al. 1986, Woyctechowski 
1990), and a great proportion of the information is based on the 
observation of only one flight or swarm event (e.g .• Tarpley 1965, 
Amante 1972, Little 1980, Elmes & Webb 1985). Deyrup &Trager (1986) 
present information about nuptial flights for several tropical species: 
but data about the frequency, size and the sex ratio iri the flights are not 
presented. There are few long-term. studies.of nuptial flights 1n tropical 
areas, and all deal with male army ants (Haddow etaL 1966, Kannowski 
1969, Leston 1979).Apparently, the large sizeofarmyantmalesand the 
lack of taxonomic information relating queens to workers in other ant 
species have been reasons for the restriction of nuptial f1J.ght studies to 
army ants in tropical areas. Because army ant queens are so different 
fromotherantqueens(Gotwald 1995),itisunknownifannyantmating 
ru~t patterns are fyplcal of tropical ants. 

On many occasions information is presented on mating flights (e.g., 
day or night), but the specific time of the day is not indicated. ~ceptlons 
to this pattern are the works of Haddow et al. ( 1966), Boomsma & 
~sink (1981). Yamauchi et al. (1986) and Plateaux (1987) which 
report temporal spacing of species. Temporal segregation of flights has 
been suggested as a mechanism to prevent interspecific hybridization 
(Holldobler & Wilson 1990). 

Nuptial flights of ants occur at species-characteristic times of the day 
(McCluskey 1965). Although the time at which flights occur is pro
grammed by a species-specific diel rhythm (Holldobler & Wilson 1990), 
the ants need external cues to synchronize the flights (McCluskey 1963, 
Weber 1972). Weather conditions (rain, humidity, temperature, light 
intensity and low wind speed) have been found to play a role in the 
timing of nuptial flights for many species {Maser 1967, Kannowsky 
1969, Weber 1972, Clark &Hainline 1975, Yamauchi et al 1986, Milio 
et al. 1988). Rain preceded by a period of dry weather is a common 
triggering stimulus in species that occupy dry habitats (Markin et al. 
1971, Kannowski 1972, Rust 1988). Mating after rains facilitates 
excavation, and queens are protected from desiccation due to overheat
ing (Holldobler & Wilson 1990). Nuptial flight synchronization for a 
particular ant species has been associated with predator avoidance, 
maintenance of reproductive isolation and outbreeding promotion 
(Nagel & Rettenmeyer 1973, Bourke & Franks 1995). 
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Most temperate zone ant species have nuptial flights at most for one 
or two months, and flights do not occur on a nearly daily basis (Tarpley 
1965, Baldridge et aL 1980, Yamauchi et aL 1986). Few flights per year 
occur in Pogonomyrmex (Nagel & Rettenmeyer 1973, Clark & Hainline 
1975,Rust 1988), Lasiu.sandMyrmica(Boomsma&Leusink 1981). One 
of the few exceptions is Camponotus pennsyluanicus, in which nuptial 
flights can last up to five months, but most flights occur during spring 
and generally involve a limited number of queens (Fowler & Roberts 
I 982). Mostly the summer months are preferred for nuptial flights by 
temperate zone ants {Boomsma & Leusink 1981). Studies of nuptial 
flights in temperate ant species have Influenced interpretations about 
the adaptive slgniftcance ofllights. Bourke and Franks (1995) suggest 
that "The typical large scale and infrequency of nuptial flights (roughly 
two or three per year) are further evidence for their role In inbreeding 
avoidance." Even tn tropical areas, Weber (1972) indicates that attlne 
nuptial flights occur during a limited season of the year. 

There is a large literature dealing with sexual Investment and 
numerical sex ratio in ants (reViewed by Bourke & Franks 1995. Crozier 
& Pamilo 1996). Given the wealth of contlibutlng factors, testing sex 
allocation in social Hymenoptera 'is not simple. Polygyny, polydoroy, 
colony budding, worker reproduction and local resource competition 
affect sex ratio investment in ants (Bourke & Franks 1995). The 
simplest case to model is monogynous ants without worker reproduc
tion. Here the numerical sex ratio is male biased, but the investment 
ratio 1s female-biased (workers the controlling party) because the 
energetic costs of raising females are greater than for males. Male 
biased numerical sex ratio occurs in polydomous, polygynous species, 
and In those that establish new colonies by budding or fission (Keller 
& Passel"a 1992, Bourke & Franks 1995). Among the factors affecting 
the inclusive fitness of an individual is the mating success of females 
and males. Mating success depends on the numerical sex ratio (alate 
males usually mate once and do not fight to monopolize females ...:.... 
Heinze & Holldobler 1993) in a swann and that information is generally 
lacking. 

The reproductive behavior of ants ts a poorly explored domain and 
more studies are needed ill the comparative natural history of nuptial 
flights {Holldobler & Wilson 1990). In this study we present the 
nocturnal and seasonal pertodicities of nuptial flights in two areas on 
the tropical island of Puerto Rico. Also, we provide information about 
the numerical sex ratio tn these flights and its consequences on mating 
success. 
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SITE DESCRIPTIONS 

We studied the nocturnal nuptial flights of ants at two sites in Puerto 
Rico. Puerto Rico is one of the islands compdsing the Greater Antilles. 
It is about 160 km long and 55 km Wide, With a highly mountainous 
topography . One site was located at Barrio Sonadora, Guaynabo 
(l8°I 7'N 66°07'W) in the subtropical moist forest llfe zone {Ewel & 
Whitmore 1973). The vegetation consists mainly of pasture land 
intermixed with patches of seconda.tyforest. Mean annual precipitation 
is around 1950 mm with a short dzy seasonfromJanuaxytoApril. Mean 
annual temperature is approximately 24.5 °C. The second site was 
located in the subtropical dzy forest in Guaruca, Puerto Rico (17°58'N 
6~052'W). The Guaruca dxy forest has a low and variable annual rainfall 
(772 mm, CV of 35.l) {Castilleja 1991). The period from Janua.ty to 
March is usually the driest and moisture is typically limited during mid 
to late summer (Murphy & Lugo 1986). Forty-five percent of the annual 
precipitation occurs durtng the months of September, October and 
November (Castilleja 1991). The maximum mean temperature (28 °C) in 
the forest occurs from August to October and the minimum (24 °C) 
between January and February. The ant community consists of 46 
species in the Guaruca dry forest and 47 at Guaynabo. 

METHODS 

.Ants ln nuptial flights were collected With light traps (BioQuip trap 
with a 22-watt circline black light). A 4 mm wtre mesh screen was laid 
over the bottom of the funnel to keep unwanted insects from the interior 
of the trap. Specimens were collected in ajar containing 70% ethanol. 
'In Guaynabo the light traps were operated at three periods of time 
during the night: 18:30 to 22:30 {post-sunset), 0 I :00 to03:00 and from 
04:00 to 06:00 (pre-dawn) hours. The post-sunset light trap was on 
every night from l August 1995 to 31 July 1996 (except for one night 
in Oct-95, Nov-95. Dec-95, Jul-96, and two nights In May-96) and from 
lJuly 1999to30September 1999. SamplesfromSeptember l995were 
lost in the mail, and data for that month were excluded from the 
analyses. The 01 :00 to 03:00 hour trap was operated from 1 July 1996 
to 30 November 1996 (except one night in July and six nights in 
September). The pre-dawn trap was ln operation from 4 June to 10 
August 1996 and from l October 1999 to 30 September 2000. The 
Guamca light trap was in operation for the entire night from 8 April 
1996 to 26 December 1997 (except one nigh.tin Jul-96, Aug-97, and six 
nJghts in Sept-96 because passage of tropical storm Hortense inter
rupted the electrtcity). Ants were identified as to species and sex under 
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a stereo zoom microscope. We counted all individuals collected except 
the members of the following four species: Camponotus kaura., C. truno, 
Myrm.elachista. ramulorum and Pheidole moerens (post-sunset at 
Guaynabo from August 1995 to July 1996). For these four species we 
classified the flights m the following categories: small (less than 20 
males or females), medium (more than 20 but less than 1 QO), and large 
{over JOO females or males). During 1999 all individuals collected from 
18:30 to 22:30 hours at Guaynabo were counted including the above 
four species. 

We measured dally temperature and precipitation at Guaruca. At 
Guaynabo we took the temperature at 06:00 hours and made qualita
tive observations of ram intensity for the post-sunset and pre-dawn 
periods. Information on wind speed was obtained from the National 
Weather Service report for the San Juan area. 

RESUL1S 

Sixtysixpercent(31of47) oftheantspeciespresentat theGuaynabo 
site and 78% of the species (36 of 46) at the Guanica dry forest had 

• nocturnal nuptial ·fligh ts. The an t flights at Guaynabo were organized 
into two groups: the post-sunset (18:30-22:30 hours) (Table l} and the 
pre-dawn {04:00-06:00 hours) (Table 4). The species with nuptial flights 
in the post-sunset period tended to have the most frequent and the 
largest flights (Table 2). Nuptial flights occurred in 96.4% (N = 422) of 
the nights. A total of l, 696 flights occurred in a period of 422 nights with 
an average of 4.0 flights per night. Species with more than one hundred 
nuptial flights (Table 3) included the ponerine Odontomachus ruginodis 
(287); the formicines: Myrmelachista. ramulorum (283), Camponotus 
kaura{l 4 7), C. sexguttatus ( 103); and the mynnieines Pheidole moerens 
(279) and Solenopsis geminata (267). Apparently stray individuals of the 
following species, which had nuptial flights durtng the pre-dawn period, 
were collected in the post-sunset period (Q = queens, M = males): 
Brachymyrmex heerl. (1Q:6M), Pheidole sculptior {IQ), P. subannata 
(5Q:2M}. Pseudomyrmexsimplex( IM), Solerwpsts azt.eca.(5M), raPinoma 
melanocephalum (3M). Wasmannia auropwictata (4Q:33M), and W. 
sigmoidea. {IQ; IM). · 

There was little seasonality in the number of flights in the post
sunset g~oup (Table I). The total number of flights per month (for all 
species and at least one sex flying during a night) was fewer from 
January to May, corresponding to months with low rainfall and 
relatively low temperatures. The temperature fluctuated from l 6°C to 
24.4°C during these months (maximum temperature at 06:00 was 
26.6°C in August). Species in the genera Camponotus and Hypoponera 



Table 1. Number of flights, listed by sex (Q =queens, M ""males) and month, for species which fie\'{ from 18:30 to 22:30 hours at 
Guaynabo In 422 nights. The last three columns correspond to 1999. Dashes indicate no flights. 

Species (sex) Aug- Oct- Nov- Dee- Jan- Feb- Mar- Apr- May- Jun- Jul· Jul· Aug- Sep-
95 95 95 95 96 96 96 96 96 96 96 99 99 99 

Brachymyrmex obscuriar (M) 1 1 - - - - - - 1 - 1 5 
Camponotus kaura (Q) 7 4 5 3 - 1 2 1 - 4 10 10 2 2 
Camponotus kaura (M) 18 7 6 5 2 3 6 5 11 12 16 22 15 13 
Campanotus sexgultatus (0) 8 3 2 1 - 2 - - - 3 5 4 3 3 
Camponotus sexgunatus (M) 15 7 4 4 2 1 3 5 3 8 11 9 12 14 
Camponotus taino (Q} 4 1 1 1 - - - - - 4 7 9 2 
Camponotus taino (M) 11 3 3 1 1 2 3 1 6 11 8 12 11 9 
Hypoponera opaciceps (Q) - 8 10 13 8 1 - - - - - 1 3 6 
Hypoponera opacior {M) - 1 - - - - - - - - - - - -
Hypoponera punctatissima (Q) - 9 14 22 6 4 1 1 - - - - - -
Linepithema meJ/eum {Q) - - 1 - - - - - - - - 1 - -
Linepithema melleum (M) 1 - 2 3 2 3 2 1 2 - 1 2 - 1 
Monomorium ebeninum (M) - - - 1 - - - - - - - - - -
Mycocepurus smith/I (Q) - - - - - - - - - - 1 - - -
Myrmelachista ramulorom (Q) 16 15 20 13 10 8 12 7 13 7 15 11 15 15 
Myrmelachista ramulorum (M) 22 24 23 22 20 19 22 14 15 14 21 21 22 20 
Odontomachus ruginodis (Q) 6 8 16 16 6 13 12 13 16 8 15 6 3 2 
Odontomachus ruginodis (M) 21 14 12 6 9 5 15 21 25 28 27 24 24 18 
Paratrechina longicomis (Q} 2 1 - - - - - - - - - 2 - -
Paratrechina /on9icomis (M) 14 7 2 5 2 - 1 2 1 6 9 6 2 3 
Paratrechina myops (Q} 2 - - - - - - - - - 2 1 - 1 
Paratrechina myops (M) 2 4 - 4 3 - - - - - 4 1 
Paratrechina stefnhelti {Q) - 1 1 1 - - - - - 1· 
Paratrechfna stefnhe/11 (M) 1 1 4 1 1 - - - 1 1 3 

;i Pheidote moerens (Q)14 16 13 13 7 5 5 12 13 12 10 11 11 12 
~ Pheidole moerens {M) 19 22 26 24 18 9 10 21 18 18 20 25 20 21 
~ So/enopsis geminata (0)13 8 10 10 12 12 9 6 13 20 17 11 9 10 
"' Solenopsls gemfnata (M)19 13 23 18 17 13 10 19 17 20 16 11 12 14 
11!: Tetramorium blcalinatum (Q) - - 2 - - - - - - 1 - 1 
~ Total flights In a month• 151 130 141 145 100 75 81 91 104 125 148 151 128 126 
(1) 
n 
~- Average flighls per night• 4.9 4.3 4.9 4.8 3.2 2.6 2.6 3.0 3.6 4.2 4.9 4.9 4.1 4.2 

In Pheidole moerens (Q), Solenopsis geminata (Q) and Solenopsis geminata (M} all 
figures need lo be move one column to the right. The 14, 13 and 19 contiguous to each 
species name correspond to Aug 95, the 16, 8 and 13 correspond to Oct 95 and so on. 
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Table 2. Frequency of nuptlal flights and 'elatlve abundance of alates (Q "'queens, M = males) 
trapped at Guaynabo (18:30-22:30 hours) during 422 nights. Mean and total alates tor 
Camponotus kaura. C. taino, Ph9idale moerens and Myrmelachista ramulorum are based on 92 
nights of records. 

Species (sex) No.of Max. alates Mean:t SD Total 
flights In a night alateslflight al ates 

Brachymyrmex obscurior (M) 9 5 1.8 ± 1.3 16 
Camponotus kaura (Q) 51 62 16.4 :t 19.6 229 
camponotus kaura (M) 141 532 78.2 :t 142.1 3909 
Camponotus sex9uttatus (Q) 34 5 2.0:1: 1.3 68 
Camponotus sexguttatus (M) 98 189 9.1:i:24.5 894 
Camponotus talno (Q) 29 38 13.5 :t 14.4 148 
Csmponotus taino (M) 82 671 96.3 :i: 183.7 3080 
HyPoponera opaciceps (Q) 50 29 3.9 :t 5.5 197 
HyPoponera opacior(M) 1 10 10.0 :t 0.0 10 
Hypoponera. punctatissima {0) 57 18 3.6:1:3.8 206 
Unepithema. melleum (Q) 2 1 1.0 :I: o.o 2 
Lin9plthema melleum (M) 20 40 8.0:1:9.6 159 
Monomorium ebeninum (M) 1 1 1.0 :I: 0.0 1 
Myoooepurus smllhii (Q) 1 1 1.0 :i: 0.0 1 
Mynnelachlsta ramulorum {Q) 177 98 11.8 :t 20.4 484 
Myrmelachlsta ramutorum (M) 279 902 134.0 :I: 183.9 8444 
Odontomachus ruginod/s (Q) 140 36 2.7:t:3.9 379 
Odontomachus ruglnoc:Jls (M) 249 29 4.6 :t 5.0 1146 
Paratrechlna long/comis (Q) 5 1 1.0 :1:0.0 5 
Paratrechina long/comis (M} 60 21 2.5 :t:3.1 152 
Paratrechina myops (Q) 6 4 1.7:!:1.2 10 
Paratrechina myops (M) 19 5 1.6:I:1.2 31 
Paratrachina steinhelli (0) 4 2 1.3 :t0.5 s 
Paratrechina steinheili {M) 14 8 2.0 ±2.0 28 
Pheldol& moerens (0) 154 10 2.7 :t2.4 93 
Pheidole moerens (M) 271 133 20.5 ±27.4 1355 
Solenopsls gemlnata (Q) 160 20 2.5 :1:3.1 405 
Solenopsls gemlnats (M) 222 54 6.1 :t 9.1 1357 
Tetramorium bicarinatum {Q) 4 1 1.0 :t:O.O 4 

exhibited the greatest seasonality. Camponotus kaura and C. taino had 
only two flights (out of 42) containing more than 20 individuals from 
January to April and had the largest nuptial filghts from June to 
September (mostly ill the summer). Only two queens of C. sexguttatu.s 
were collected from January to May, and the number of males was low 
compared to other months. Hypoponeraopaciceps and H. prmctatissima 
concentrated their flights from September to January. In Pheidole 
moerens only 7 flights (out of 60) contained above 20 individuals from 
January to April; the largest flights of P. moerens occurred in May, June, 
October and November. 

With the exception of Hypoponera opaciceps. H. pWlCtatisstma, 
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Table 3. Nuptial flights In which only males, only females, or both sexes were trapped from 18:30 
to ~:30 hours at Guaynabo in 422 nights. Dashes lndlca1e no flights. 

Species All-male All-female Both Total 
flights flights sexes flights 

Brachymyrmex obscurior 9 9 
Camponotus kaura 96 6 45 147 
Camponotus sexguttatus 69 5 29 103 
Csmponotus taJno 54 1 28 83 
Hypoponera opaclceps 50 50 
Hypoponera opaclor 1 
Hypoponera punctatfssima 57 57 
Llnsplthema melleum 18 2 20 
Monomorlum ebeninum 1 1 
Mycocepurus smithii 1 1 
Myrmelachlsta ramutorom 106 4 173 283 
Odontomachus ruglnadis 147 38 102 287 
Paratrschina longfcom/s 59 4 1 64 
Paratrachina myops 18 5 1 24 
Paratrechina stefnheill 12 2 2 16 
Phefdole moerens 125 8 146 279 
Solenopsis gerrilnata 107 45 115 267 
Tetramorlum blcarlnatum 4 4 

Mycocepurus smithii and Tetramortwn bicwin.a.tum. in which no males 
were captured in the post-sunset period, males flew on more nights 
than females (Table 2). We have found onlyergatoid males, which do not 
fly, in H. punctatissima and H. opactceps. For species in which both 
sexes were captur~d. the numerical sex ratios usually were strongly 
biased in favor of males (Table 2). Queens of Brachymyrmex obscurtor, 
H. opaciDr and Monomorium eben.inwn (queens are ergatoid) were not 
collected in the post-sunset period. Although the total number of males 
of Od.ontomachus ruginodis was greater than the number of females, 
from November to February more females (207) than males (48) were 
captured. 

Except for Myrmelachistaramulorwnand Pheldole moerens, the other 
species had more flights in which only one sex was present than both 
sexes (Table 3). Generally all-male flights were more common than all
female flights. Although flights dominated by males were more common 
in the fire ant Solenopsts gemi.nata and the ponerine Od.ontoma.chus 
rugb10dis than female dominated flights, these species had a great 
propodion of nights 1n which only females were captured. 

A total of 71, l 92 alates corresponding to 14 species were captured in 
366 nights during the pre-dawn period (04:00-06:00). Nuptial flights 
occurred in 83% of the nights. A total of 1,311 flights occurred with an 
average of 3.6 flights per nlght (Table 4). Brachymynnex heert and 
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Table 4. Number of nuptial flights, listed by sex (Q =queens, M = males) and month, for ant species .which flew from 
04:00 to 06:00 hours at Guaynabo !n 366 nights. Dashes indicate no flights. 

~:::t~P. og 8.ag.§:8 ~~· Species (Sex) Oct- Nov- Dec- Jan- Feb- Mar- Apr- May- Jun- Jul- Aug- Sep-
;:s· (/lC1!b~(Jl<Jl 99 99 99 00 00 00 00 DO 00 00 00 00 0 ~ 0 0 ~o ....,Q>cn ~~ 
~Et[ §.5·5?~ Brachymyrmex heeri (0) 7 5 5 2 5 7 6 16 11 12 11 7 

!fB:,n~f1!3~ BrachymylTTlex heeri (M} 26 20 16 5 7 8 6 16 19 21 30 25 

s::~@:S' ··~~ Brachymyrmex obscurior (M) - - - - - - - - - - 3 1 
pC'>oOa-~C'O Hypoponera opacior (Q) 1 - 2 - - - - 1 1 - 1 
-lt~txi ~Et Hypoponsra opar:ior (M) - - 1 - - - - 1 2 1 1 

d cbp. ·~-;:::; § 15· Pheidole fa/lax (Q} 4 - - - 1 - 1 2 1 - 1 1 .. s- (1Q CXl ~ PhsidolB fa/lax (M) 21 15 9 - - 3 9 7 3 e 13 18 i 
~~~~:xi5g§ 5" 

Pheidole sculptior {Q) 24 21 12 1 1 , 3 19 16 16 25 24 '-~(O (O~ ~p-0 0. Pheida/s scu/ptior (M) 28 28 24 4 4 7 8 23 25 26 30 29 >-::"""" 't:l 0. . (I) ::r "ti 
0~~~~15-§[ Phe/dole subarmata (Q} 23 19 9 1 - - - 5 10 13 18 18 ~ 

Pheidole subarmata (M) 27 26 14 2 1 2 1 9 22 23 23 25 Ill .... g.~ ~ ~ll. 
,..... 

Pseudomyrmex simplex (M) 1 - - - - - - - 1 - 1 1 I [~~[1~a.~ Rogeria fore/i (Q) - - - - - - - - 1 - . 1 - > 
- '1:1 ::r p =:! ::r Rogeria foreli (M) - - - - - - - - 2 1 1 - ;::?. 

g0_[~~N~ ~ Solenopsis azteca (0) 4 3 - - - - 1 3 5 10 5 3 z c 
Solenopsis azteca (M) - 2 2 - - - 1 8 13 16 14 10 -c 

• 0 0 01i:te;; e ~o.e~~~E-o So/enopsis corticalis (Q} 3 1 2 - - 2 - 4 5 8 7 4 
So/enopsis corticalis (M) 3 2 3 4 - :!! U::fO(Jt:\· 0) t:i- - - - - - - - .a· 

~ n ~~ ~ ~<§:~ Solenopsis pygmaea (Q) - - - - - - - - 1 - - - ~ 
.Q 't3 "'O~ftro Tapinoma m91anocsphalum (Q) - - - - - 1 - - - - - -

[~S"~i' -~ Tapinoma metanocephalum (M) - - - - - - - - - 1 - 1 

~(b g;S ~ Pie Wssmannla auropunctata. (Q) 15 4 2 - 1 4 9 27 23 25 11 8 
u;· ~ ~ ~ 0 ~ g:~ Wasmannia auropunctata (M) 9 4 3 - 1 7 20 29 19 7 2 3 
S' • >c '< ~ .§- ro ft Wasmannia sigmoidea (Q) 27 16 7 t 1 1 5 16 21 24 29 27 

~s=OC/lt ~ Wasmannla sigmoidea (M) 31 28 27 10 9 8 14 21 18 28' 25 26 
II~§" ~!3°~ Total flights psr monlh• 163 130 106 22 24 41 65 126 150 164 167 153 

~a 0 « .::..a.er Average fligh1s per night• 5.3 4.3 3.4 0.7 0.8 1.4 2.2 4.1 5.0 5.3 5.4 5.1 

§ e.§ s-~~§.ii" 
a(IJ9:-0t-.:>roQl • For all species and a night with both sexes flying counted as one flight en 
':":"~1..:::1:--0.':""" 0 

<O 
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(9M), Odontomachus ruginDdis (2M), Paratrechinamyops (lQ:lM) and 
Pheidole moerens (lQ). As in the post-sunset period most were males. 

The data on the 1996 summer nuptial flights (04:00~06:00) were 
similar to those of 1999-2000, except that males of Taplnoma 
melanocephalwn flew more frequently. The males flew on nine occa
sions (18 males in total) in a period of 66 nights. Also, in two nights a 
male of Cyplwmyrmex minutus was captured. 

Seasonality was slightly more pronounced in the pre-dawn than in 
the post-sunset period (Table 4). Most species reduced their activity 
from January to April (dry season and temperatures in the 16-24.4°C 
at 06:00 hour) . The average number of nuptial flJghts per night (Table 
4) and the total number of alates per month {Fig. l) were fewer ln these 
months. 

Exceptfor Pheidolesculptior, P. subannata.and Wasmannia.sigmoidea. 
the other species had more flights consisting of only one sex than illghts 
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Fig. 1. Total alates In nuptial flights per month at Guaynabo from 04:00-06:00 hours. 
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Table 5. Frequency of nuptial flights and relative abundance of slates {Q =queens, M =males) 
trapped at Guaynabo (04:00·06:00 hours) during 366 nights. 

Species (sex) No.of Max. alates Mean:t:SO Total alates 
fllghts in a night alateslflight 

Brachymyrmex heeri (Q) 94 254 12.9 :t 31.2 1208 
Brachymyrmex heeri (M) 199 1300 68.8 ± 166.2 13684 
B"1chymynnex obscurior (M) 4 1 1.0 :t: 0.0 4 
Hypoponera opacior (Q) 6 42 8.0 :I: 16.7 48 
Hypoponera opaclor (M) 6 120 21.2 :t: 48.4 127 
Pheidole fa/lax (Q) 11 3 1.4 :I: 0.8 15 
Pheidole fa/lax (M) 106 368 16.5 ± 51.0 1748 
Pheldole scu/ptior (Q) 163 186 14.1:i:25.3 2304 
Pheldole sculptior (M) 236 1544 51.9 :t: 125.2 12258 
Pheidole subarmata (Q) 116 167 14.6 :t:24.7 1692 
Pheldole subarmata (M) 175 685 44.2 :l: 101.8 nss 
Pseudomyrmex simplex (M) 4 2 1.3:1: 0.5 5 
Rogeria forefl (Q) 2 1 1.0 :i: o.o 2 
Rogerla fore/I (M) 4 7 3.3± 2.9 13 
Sofenopsls a.zteca (Q) 34 23 5.1:!:6.6 173 
Solenopsls azteca (M) 66 136 1t.2:I:23.6 742 
Sotenopsls ccrtlcalls (Q) . 36 136 9.9 :t 23.t 358 
Solenapsis cortfcatls (M} 12 15 4.0 :t:3.8 48 
Solenopsls pygma.ea (Q} 1 1 1.0 :t: 0.0 1 
Tapinoma mefanocephalum (Q) 1 1 1.0 :t 0.0 1 
Tapinoma mefanocephalum (M) 2 1 1.0 :t 0.0 2 
Wasmannia- auropunctate (Q) 129 741 41.8±117.4 5397 
Wasmannia auropunctata (M) 104 1128 27.5 :t 127.1 . 2856 
Wasmannla sfgmoidea (Q) 175 479 41.6 :!: 70.8 7275 
Wasmannia sfgmofdea (M) 245 1095 55.1±111.3 13495 

with both se:ii..-es present {Table 6). All-male flights were more common 
than flights containing only females in all species, except for Solenopsts 
corticalis and Wasmanntaauropunctata. In the case ofW, auropwu:tata 
the number of all-female flights was almost identical to those in which 
both sexes flew together. 

As in the post-sunset period the numerical sex ratios were biased in 
favor of males, except in Solenopsis corticalis and Wasmannia 
auropuru:tata which exhibit an average nwnber of individuals per flight 
and total number of alates captured biased in favor of females (Table 5). 
In W. auropunctata.females dominated the llights from May to October, 
and males were commoner from November to April {cooler and dry 
months). Although the total number of males captured in W. sigmoid.ea 
was greater than females, from June to August more females {3, 199) 
than males (l,377) were captured. We did not capture queens of 
Brachymynnex obscurior and Pseudomynnex simplex during the pre
dawn period. Solenopsis pygmaea males were not captured, nor they 
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Table 6. Nuptial flights In which only males, only females, or both sexes were trapped from 04:00 
to 06:00 hours at Guaynabo in 366 nights. Dashes indicate no flights. 

Species All-male All-female Both Total 
flights flights sexes flights 

Brachymyrmex heeri 110 5 89 204 
Brachymyrmex obscurior 4 4 
Hypoponera opaclor 4 4 2 10 
Pheido/e fa/lax 96 1 10 107 
Pheido/e scufptlor 79 6 157 242 
Pheido/e subarmata 72 13 103 188 
Pseudomyrmex simplex 4 4 
Rogerle forell 3 1 1 5 
Sofenopsis azteca 41 9 25 75 
So/enopsis corticalis 7 31 5 43 
Solenopsis pygmaea 1 1 
Taplnoma. melanocepha/um 2 1 3 
Wasmannla auropunctata 38 63 66 167 
Wasmannia slgmoidea 83 13 162 258 

have been collected in nests. 
From 01 :00 to 03:00 hours we captured a mixture of 1nd1v1duals 

belonging to species that had nuptial flights after sunset or before dawn 
at Guaynabo (Table 7). The total number of flights (all species and at 
least one sex flying durlng a night) was 164 in 146 nights for a low 
average of 1.1 flights per night. The frequency and average size of 
nuptial flights (Table 7) were smaller than those of the same species 
flying at their preferred tlme. Only a total of 1. 997 alates were captured, 
of which 1,837 belonged to Pheidole suba.mwta and Wasmannia. 
stgmoi.dea. These data were collected during the wet season and 
probably overestimate the frequency and size of flights, which are less 
frequent and smaller in the dry season. The only species unique to this 
interval was a queen of Pyramica membranifera. Most of the asynchro
nous individuals flying at this time were males (Table 7), except for P. 
subarmata and W. sigmotdea. which suggests that most of these 
individuals lost their reproductive effort. 

We did not find a great deal of separation in time of species belongtng 
to the same genus at Guaynabo. All Camponotus species had nuptial 
flights tn the post-sunset period. Phefdole moerens flights were in the 
post-sunset period but the other three species of Phei.d.ole bad flights 
during the pre-dawn period. Solenopsis geminata had flights in the post 
sunset period but the three species of Solenopsis (Dtplorhoptrum) had 
flights during the pre-dawn period. Two species of Hypoponera. and 
three of Paratrechinahad flights in the post-sunset period, while the two 
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Table 7. Frequency of nuptial flights and relative abundance of alates (Q =queens, M =males) 
trapped at Guaynabo (01 :OO to 03:00 hours) during a period of 146 nights. 

Species (sex) No. of Max. alates Mean:1:SD Total 
fflghts In a night alates/flight at ates 

Braohymyrmex heeri (Q) 1 1 1.0 :t 0.0 1 
Brachymyrmex heerl (M) 5 21 6.8±8.2 34 
Camponotus kaura (Q} 4 1 1.0 :I: 0.0 4 
C8.mponotus kaura (M) 14 10 2.4 :I: 2.4 33 
C8mponotus talno {M) 3 2 1.3 :t0.6 4 
Myrmefachista ramu/orum (M) 12 5 1.7:I:1.2 20 
Odontomachus ruginodis (M) 3 2 1.3 :t:0.6 4 
Parstrechina myops (M) 1 1 1.0 ±0.0 1 
Paratrechina stelnhel/i {Q) 1 1 1.0 ± 0.0 1 
Pheidole moerens (Q) 3 1 1.0 :t 0.0 3 
Pheldole· moerens (M) 4 21 10.0 :I: 8.3 40 
Pheldole scufptior (Q) 5 1 1.0 :t: o.o 5 
Pheidols sculptior (M) 3 3 1.7:1: 1.2 5 
Pheido/e subamiata (Q) 36 40 6.9±8.6 249 
Pheidole suba1111ata (M) 51 178 14.6±30.3 742 
Pyramfca membranilera (Q) 1 1 1.0 :tO.O 1 
Solenapsis coTffcalls (Q) 1 1 1.0 :I: 0.0 1 
Sofenops/s coJ1fca//s {M) 1 1 1.0± 0.0 1 
Wasmann/a auropunctata (Q) 1 1 1.0 :t o.o 1 
Wasmannia auropunctata (M) , 1 1.0 :I: o.o 1 
Wasmannia sigmoidea (Q) 16 11 3.0 :t 3.4 48 
Wasmannia sigmoldea (M) 47 184 17.0:1:39.0 798 

species of Wasmanniahad flights during the pre-dawn period. Not only 
species in the same genus usually had flights during the same time 
period in a night. but also on similar dates during the year. 

At the Guantca dry forest we captured a total of 16.483 alates in 620 
nights (Table 8a.b). Nuptial flights occurred in 75% of the nights. There 
were 1,315 nuptial flights (all species and at least one sex flying during 
a night) for an average of 2.1 flights per night. Species with more than 
one hundred nuptial flights included the myrmicines Crema:tDgaster 
steinheill (193), Cyphomyrmex minutus {126) and Solen.opsis tDrresi 
( 107); the fonniclnes Camponotus ka.uro.( 143) and Brachymyrmex heeri. 
(113); and tl.1.e ponertne Odon.toma.chus ruginodts (108). 

As in the Guaynabo site, at Guamca the number of flights was fewer 
during the dry season. Flights tended to be less frequent from the 
months of December to June (Table 8a,b). The year 1996 was wetter 
(697 mm of rain) compared to 1997 {420 mm). In 1996 the dry season 
was shorter. and that could explain the large number of flights 1n June 
1996 (106 mm of rain) compared to June 1997 (3 mm of rainfall). The 
seasonality was more pronounced in the females: not a single female 
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Fig. 2. Total elates In nuptial flights per month at the Guantca dry forest from August 1996-
December 1997 · 

of any species was captured Jn Februazy and March. The total number 
of alates captured per month was fewer durtngthe same months, except 
in June 1997 (Fig. 2). The high total numberofalates Jn June 1997was 
due to the occurrence of a large flight of Crematogaster steinheUi that 
accounted for 93% of the alates captured during the whole month. Most 
species had nuptial flights during the same dates with little differentia
tion among species (Table 8a,b). Species with a high frequency of 
nuptial flights at Guaynabo {e.g., Camponotus sexguttatus. 
Myrmelachista ramulorum, Pheit:l.ole subamtata. So!enopsis geminata 
and Wasmannia auropwictata) were rarely seen flying at Guamca. On 
the other hand, flights of Cyphomyrmex minutus were common at 
Guaruca, but rare at Guaynabo. 

Although the Guaruca data on nuptial flights refer to the entire night, 
the total and average number of flights per night were fewer ff able 8a,b) 
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Table Ba. Number of ant nuptial flights, listed by sex (Q =queens, M = males) and month, at 
Guanlca forest In 1996 (N = 261 nights). Dashes Indicate no flights. 

Species (sex) Apr- , May- Jun- Jul· Aug. Sep· Oct- Nov- Dec-
96 96 96 96 96 96 96 96 96 

Amblyopone sp. (M} 1 1 1 1 
Anochetus kempn (M) 2 8 7 8 2 7 3 2 
Brachymyrmex heerl (Q) 1 3 1 1 5 1 
BrachymyrmsK heeri (M) 2 3 4 8 9 12 13 10 
Brachymymiex obscurior (M} , 
camponotus kaura (Q) 6 1 1 
Camponotus Jcaura (M) 1 7 16 16 11 11 
Crematogaster stainhslli (Q) 3 7 9 10 11 8 5 1 
Crematagaster stslnhelli (M) 2 6 14 15 18 11 11 7 
Cyphomynnex mlnutus (Q) 1 1 
Cyphomyrmex minutus (M) 3 7 9 11 19 15 11 10 4 
Dof)1111yrtnexsp. (M) 2 3 1 1 
Hypoponera opacior (Q) 1 1 1 
Leptogenys pubicaps (M} 2 1 2 1 
Leptothorax torrel (M} 2 12 8 5 
Monomorlum ebenfnum (M) 2 
Monomorium florlcola (M) 
Myrmalachista ramuforum (Q) 2 1 
Mynnslschista ramulorum (M) 1 2 3 t 1 
Odontomachus roginodls (Q) 5 2 1 1 1 
Odontomachus ruginod/s {M) 2 11 12 12 5 13 3 3 
Paratrech/na longicomis (M) 6 2 4 5 5 9 5 2 
Paratrechfna myops (M) 1 
Paratrechlna steinheili (Q) 
Paratrachlna steinheifi (M) 1 2 1 
Pheidofe spp. (0) , 1 2 3 1 
Phe/dole spp. (M) 2 5 3 1 2 6 2 1 
Pheidole subarmata (Q) 1 
Probolomyrmex sp. (M) 3 2 8 4 3 3 4 
Pseudomyrmex simplex (M) 2 1 4 3 2 1 1 
Rogerla carlnata (M) 1 1 
Solenopsls gemlnata (Q) 1 
Solenopsls geminata (M) 1 1 1 2 
Solenopsis g/obularia (Q) 1 2 1 2 
Solenopsis globularla (M) 2 4 13 8 3 11 4 4 
Solenopsls toffesf (Q) 3 4 22 9 8 1 3 
Solenopsis torresi (M) 1 1 6 6 5 
Technomyrmex albipes (M) 
Tetramorium bicarinatum (M) 1 
Tetramorium caldarium (Q} 2 3 
Trachymyrmex jamaicansls (M) 3 
Wasmannia auropunctata (Q) 1 
Total flights per month• 15 39 76 100 159 104 121 76 47 
Average flights per nights• 0.7 1.3 2.5 3.3 5.1 4.3 3.9 2.5 1.5 

• For all species and a night with both sexes flylng counted as one flight. 



616 Sociobiology Vol. 37, No. 38, 2001 

Table 8b. Number of ant nuptial flights, tabulated by sex (Q -= queens, M = males) and month, at Guanlca 
forest in 1997 (N = 359 nights). Dashes indicate no flights. 

Species (sex) Jan- Feb· Mar- Apr- May- Jun- Jul· Aug- Sep- Oct- Nov- Dec-
97 97 97 97 97 97 97 97 97 97 97 97 

Ambtyopone sp. (M) 
Anochetus kempfl (M) 2 1 7 3 6 6 3 5 2 
Brachymynnex heeri (Q) 1 2 3 8 
Brachymynnex heerl (M) 4 s 7 2 7 16 5 
Brachymyrmex obscurior (M) 1 1 
Camponotus kaura (Q) 3 2 2 
Camponotus kaura (M) 2 7 19 22 13 8 4 3 
Camponotus sexguttatus (Q) 1 
Crematogaster steinheill (Q) 4 3 11 9 8 9 4 3 
Crematogaster stelnheill (M) 5 2 4 4 14 11 13 12 11 8 
Cyphomyrmex minutus (Q) 1 2 1 2 1 
Cyphomyrrnex minutus (M) 6 2 4 6 12 5 
Dorymymiex sp. (M) 1 1 
Hypoponera opaciceps (Q) 1 
Hypoponera opacior (Q) 
Leptogenys publceps (M) 1 3 
Leptothorax torrel (M) 3 5 5 3 9 4 .2 4 
Myrmetachlsta ramulorum (0) 1 1 1 
Myrmelachlsta ramulotum (M) 3 4 4 4 2 2 2 
Odontomachus ruglnodis (0) 1 1 
Odontomachus ruglnodis (M) 3 6 8 4 3 5 2 4 2 
Paratrechfna tongicomis (M) 2 6 1 3 3 2 
PheidOle fa/lax (M) 1 
Pheidole spp. (Q) 
Pheldote spp. (M) 1 
Probotomynnex sp. (M) 2 
Pseudomyrmex simplex (M) 1 
Rogerfa carinata (M) 1 
Solenopsfs gemlnata (Q) 5 
Solenopsis gemlnata (M) 1. 1 2 
So/enops/s gtobularia (Q) 1 1 1 1 1 
So/enops/s globulsria (M) 2 5 6 4 7 1 8 8 
Solenopsis torresl (Q) 1 1 2 10 6 6 3 
Solenopsis torresi (M) 2 6 6 12 12 
Technomymiex albipes (M} 1 
Tetramorium bicarinatum (Q) 
Tetramorium b/carlnatum (M) 
Tetramortum caldarium (0) 3 
Tekamorium caldarium (M) 1 
Trachymyrmex jamaicensis (M) 2 
Wasmannia auropunctata (0) 1 
Total flights per monttt• 27 8 9 23 30 47 82 63 74 80 77 58 
Average flights per night• 0.9 0.3 0.3 0.8 0.9 1.6 2.6 2.1 2.5 2.6 2.6 2.2 

• For all species and a night with both sexes llylng counted as one flight. 
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Table 9. Frequency of nuptial flights and relative abundance of elates (O"' Queens, M =Males) 
trapped (listed by sex) at Guanica dry fores1 in 620 nights. 

Species (sex) No. of Mroc. slates Mean :SD Total 
flights in a night alates/fllght alates 

Amblyopone sp. (M) 5 1 1.0 ± 0.0 5 
Anoahetus kempn (M) 76 4 1.2 ±0.5 90 
Brachymyrmex heerl (0) 26 53 4.B :t 10.3 124 
Brachymyrmex heeri (M) 110 203 26.0 ± 38.0 2855 
Brachymyrmex obscurior (M) 3 2 1.3 :t: 0.6 4 
Camponotus kaura (Q) 15 10 2.5 +2.B 38 
Csmponotus kaura {M) 142 265 8.0 ± 30.0 1137 
Camponotus ssxguttal:Us (Q) 1 4 4.0 :0.0 4 
Crematogaster steJnheDI (Q) 106 583 33.6 :t: 97.7 3562 
Crematogaster steinhe/li (M) 168 614 37.0 :t: 102.0 6222 
Cyphomyrmex minutus (Q) 9 2 1.3 :t 0.5 12 
Cyphomytmex mlnutus (M) 125 83 6.8 :t: 10.7 853 
Dorymyrmex sp. (M) 9 3 1.4 ± 0.7 13 
Hypoponeraopac/ceps(Q) 1 1 1.0 :t: 0.0 1 
Hypoponera opacior (0) 4 1 1.0 :t 0.0 4 
Leptogenys pubiceps (M) 14 1 1.0 ± 0.0 14 
Leptothorax torreJ (M) 66 120 3.6 :t 14.6 236 
Monomorium ebeninum (M) 3 8 3.3±4.0 10 
Monomorlum floricola {M) 1 1 1.0 ± 0.0 1 
MyrmetadNsta rsmu/onJm (Q) 6 5 1.7:t:1 .6 10 
Myrmetachlsta ramulorum (M) 31 17 2.5 :t:3.1 78 
Odontomachus ruglnodis (Q) 13 7 1.6 :t: 1.7 21 
Odontomachus ruginodls (M) 99 21 1.9 ±2.5 192 
Paratrechina long/comls (M) 57 22 3.6±5.2 206 
Paratrechina myops (M) 1 1 1.0 :!: o.o 1 
Paratrechfna steinhell/ (Q) 1 1 1.0 :!: 0.0 1 
Pamtrechina stelnheil/ (M) 4 3 2.0 :I: 1.2 8 
Pheidole fallax (M) 1 1 1.0 :t: o.o 1 
Pheidole spp. (Q) 9 5 1.9 :t: 1.8 17 
Pheldole spp. (M) 25 30 3.0 :t5.8 76 
Pheldo/e subanna~ (0) 1 1 1.0 * 0.0 1 
Probotomyrmex sp. (M) 31 3 1.1:t:0.5 35 
Pseudomyrmex simplex (M) 19 1 1.0 * 0.0 19 
Rageria carinata (M) 3 1 1.0 :t:O.O 3 
Solenopsis gemlnala (Q) B 17 4.3 ±5.5 34 
Solenopsls geminata (M) 10 1 1.0 :t 0.0 10 
Solenopsis globularla (Q) 12 1 1.0 ±0.0 12 
Solenopsls globulana (M) 91 6 1.5 :t 1.0 136 
Solenopsls torresi (Q) BO 9 1.9 :t: 1.6 153 
Solenopsfs to"esi (M) 58 23 4.0:t:4.5 230 
Taplnoma melanocephalvm (M) 19 3 1.1 :t:0.5 21 
Tschnamyrmex alblpes {M) 2 1 1.0 ± 0.0 2 
Tstramorlum bicarinatum (Q) 1 1 1.0 :t: 0.0 1 
Tstramorium blcarinatum (M) 2 1 1.0 :t: 0.0 2 . 
Tetramorium caldarium (Q) 12 3 1.3 * 0.7 16 
Tetramorium caldarlum (M) 1 1 1.0 :t:O.O 1 
Trachymyrmex jamaicensls (M) 7 3 1.3 :t:0.8 9 
Wasmannia auropunctata (Q) 2 t 1.0 ± 0.0 2 
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Table 1 o. Nuptial fights In which only males, only females, or both sexes were trapped at Guanlca 
dry forest in 620 nights. Dashes Indicate no flights. 

Species All-male All-female Both Total 
fllgh1s fllgh1s sexes flights 

AmblyoponB sp. 6 5 
Anochetus kempff 76 76 
Brachymyrmex heerf 87 3 23 113 
BrachymyrmeK obscurior 3 3 
Camponotus kaura 128 1 14 143 
camponotus sexguttstus 1 1 
Crematogaster steinhBIU 87 25 81 193 
Oyphomyrmsx minutus 117 1 8 126 
Dotymyrm8X sp. 9 9 
Hypoponera opac/ceps 1 1 
Hypoponera opac/or 4 4 
Leptogenys pubicsps 14 14 
Leptothorax tofr9i 66 66 
Monomorium ebenlnum 3 3 
Monomorium florfcola 1 1 
Myrmelachista ramulorum 28 3 3 34 
Odontomachus ruginodls 95 9 4 108 
ParatrechJna long/comis 57 57 
Paratrechina myops 1 1 
Paratrechina steinhe171 4 5 
Pheidole tal/ax 1 1 
Pheido/e spp. 21 4 5 30 
Phekfole subarmata 1 1 
Probo/omytrr/6x sp. 31 31 
Pseudomyrmex simplex 19 19 
Roger/a carlnata 3 3 
Sotenopsis geminats 9 -7 1 17 
Solenopsis globuleria 85 6 6 97 
So/enopsis ta1Tf1si 27 49 31 107 
Tap/noma melanocepha/um 19 19 
Technomyrmex albipes 2 2 
Tetramorlum bicannatum 2 1 3 
Tetramorlum caldarfum 11 12 
Trachymyrmex /ams/censis 7 7 
Wasmannia auropunctata 2 2 

than those from the post-sunset and pre-dawn periods at Guaynabo. 
Also, the proportion of nights in which the different species had fl.ights 
at Guaruca tended to be fewer than in the post-sunset and pre-dawn 
periods at Guaynabo. In addition, the 16,483 alates captured in 620 
nights was low compared to 18,607 alates captured 1n 92 nights in the 
post-sunset period at Guaynabo and 71.192 in 366 nights in the pre
dawn period at Guaynabo. 

Also, at the Guaruca forest most species had numerical sex ratios 
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biased 1n favor of males lTable 9). In eighteen species (Table 9) we did 
not capture females (Anochetus Jcempjl. MoTWmortum ebenlnum and M. 
flortcola have ergatoid queens that do not fly). In Leptogenys pubiceps 
probably queens are ergatoid or the queen caste has been replaced by 
egg-laying workers (Wheeler 1910, DaviesetaL 1994). In Crematogaster 
steinhelli. although total males were more abundant than queens, 
queens were more common In May 1996, 1997, June 1996 and July 
1997. Owing the months of June and August 1997 queens and males 
were captured in almost equal proportions. Also, in Solenopsis torresi 
more males were captured but queens were captured In greater 
numbers in 10 months and males dominated in only six months. As at 
Guaynabo there were more nights in which one sex flew than both 
(Table 10). 

The variance (Tables 2, 5 and 9, the square of the SD) in the number 
of males flying tended to be greater (with few exceptions) than In females 
of the same species even though is based on a greater sample size (males 
generally flew on a greater number of nights). 

When the meteorological conditions were favorable, most species had 
nuptial flights. We found that many flights were associated with rains, 
especially if there have been several days without rain: but once the 
rainy season began flights occurred independent of the presence of 
rains. Flights at both sites occurred with more frequency during the 
rainy season. It was unusual to have a flight while rain was falling, but 
we observed this at Guaynabo on three occasions. We did not observe 
nuptial flights when w1nd speed was above 40 km/hr. 

DISCUSSION 

Two of the most notable findings of this study were the high frequency 
of nuptial flights of some species and the low seasonality of :flights, 
especJally in moistbabttats like the Guaynabo site. At Guaynabo, in the 
post-sWlSet period nuptial flights occurred in 96.4% of the nights. If we · 
add those flights that occurred in the pre-dawn perlod and the flights 
of species that have flights during the day, we can conclude that at least 
one nuptial flight occurred every day. Probably a high frequency of 
flights is a common phenomenon in tropical ant species. Kempf ( 1963) 
fowid mating flights of Mycocepurus goeldll from October to Febrnary 
in Brazil. Nuptial flights of fire ants {Solenopsis wagneri and S. richteri) 
have been noted every month in the USA {Markin etal. 1971). which 
could be related to the tropical origin of these species. Leston (1979) 
found males of army ant species (Dorylin1) flying throughout the year, 
with a peak 1n the wet sunny season. As in this study, Leston found that 
flights of doryline, fonniclne, mynnicine and ponerine ants were 
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concurrent. In addition, Haddow et al. ( 1966) found that male driver 
ants fly throughout the year In Uganda and seasonal fluctuations in 
abundance are probably not much greater than the night to night 
variations. On the other hand, flights of New World army ant males are 
more seasonal and occur during the dry season and early rainy season 
(Kannowski 1969, Baldrige et al. 1980). It appears that notions about 
the infrequency of ant nuptial flights (Bourke & Franks 1995) based on 
studies of a few temperate species may be incorrect. 

Agreat proportion of the species had nuptial flights during the night. 
Nocturnal flights could be a behavior to avoid dtumal predators and 
desiccation. Also, crepuscular hours are less windy than daylight hours 
and more favorable for swarming by small insects {Sullivan 1981). 
Contrary to Kannowski (1969) and Baldridge et al. (1980), we did not 
observe any association between phases of the moon and nuptial flight 
activtcy. 

Numerical male biased sex ratio in nuptial flights was frequent, but 
some species exhibited female biased sex ratios in this study. Male bias 
in the numerical sex ratio seems a frequent occurrence in ants 
(Kannowsky 1969, Bourke & Franks. 1995), and males are more 
abundant in flights of several species lTarpley 1965. Markin et al. 1971, 
Kannowski 1972, Elmes & Webb 1985, Woyciechowskl 1990). However. 
predominantly female swarms have been observed in Acropyga in 
Colombia (Eberhard 1978) and in a species of Pheidole in New Zealand 
(Little 1980). 

Species Jn which the total males captured were greater than females 
had some flights in which females predominated or in which only 
fem.ales flew. Also, there was a great proportion of flights in which only 
one sex flew. Even when both sexes flew, generally there was an excess 
of males. Male abundance in flights was more varlable than that of 
females, even though they flew on piore nights. A lot of the investment 
in ant reproduction seems to be lost due to lack of syncyrronization (in 
time and numbers) in ant nuptial flights. Perhaps the great number of 
male flights and the large variance in abundance per flight are the result 
of a bet-hedging strategy (Stearns 1976), because it ts d:lffi.cult for males 
to predict with certainty when the females are going to fly. Similarly 
optimal allocation in sex ratio was not observed in Ll.nepithema humile 
(Keller & Passera 1992). Production of males occurs before that of 
females an4 lasts longer than female production. Also, the last males 
·may emerge when there are no females in the colony. Also, Yamauchi 
et al. ( 1986) have found late summer flights in Lasius that consist of only 
males. 

Models to predict the fitness payoffs from producing a certain number 
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of sexuals show that the fitness payoffs are functions of the sex ratio 
(Bourke & Franks 1995, Crozier & Pamilo 1996). Specifically the fitness 
payoff is calculated as the product of (number of offspring of orie sex X 
the regression relatedness X sex-specific reproductive value X mating 
success). Many of these models calculate mating success as the 
reciprocal of the abundance of each sex. As found in this study, mating 
success is a complex function which cannot be determined by only 
examining or counting sexuals in nests. In terms of numerical sex ratio 
we need to distinguish between passive sex ratio (as estimated from nest 
censuses) and the effective sex ratio as found in a swann to establlsh 
the mating success of individuals. 

We found that ant species at Guaynabo fall into two groups: the post
sunset and the pre-dawn. Probably this is a common phenomenon in 
ants. It has been observed in male army ants (Kannowsky 1969) and in 
some species of Leptothorax(Plateaux 1987). McCluskey (1963) found 
that a light-phase relationship is valuable in synchronizing nuptial 
flights and probably the changes in light intensity associated with 
sunset and dawn is the stimulus that help synchronize these flights. 

There were no species specialized to fly in the middle of the night. 
Although there can be selection to have flights at different times to avoid 
interspecific matings. other factors can promote synchronization of 
nuptial flights of different species. Predator avoidance will be greater the 
larger the number of alates flying independent of the species identities. 
Also, the external cues that ants need to synchronize their flights could 
be limited. Great overlap in other niche dimensions have been observed 
on these ants in Puerto Rico (Torres 1984). 

As shown in this study, species of Atta and Mycocepurus tend to 
swann simultaneously (Kerr 1961, Kempf 1963, Amante 1972, Weber 
1972). Interbreeding has not been observed in these flights. Species of 
Neivamyrme.x have similar male flight seasons and there is no evidence 
that flight sea5on facilitates se~al isolation (Baldridge et al. 1980). 
Some species of Pogonomyrmexand Myrmica could fly at the same time, 
but interspecif:ic copulations have been reported (Collingwood 1958, 
Nagel & Rettenmeyer 1973). Yamauchi et aL (1986} found that most 
nuptial flights in Lasius occur in a rather short period of time in the early 
morning or in the evening. Species of Lastus differ in 1he season and 
time of the day when nuptial flights take place and opportunities for 
hybridization are very low. 

It has been su ggested that nuptial flights he~p dispersal of ants (Nagel 
& Rettenmeyer 1973) but this does not seem to be common. We found 
that most species did not fly when there were strong winds, which is the 
best time for long distance dispersal. Similarly, strong winds prevent 
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nu ptlal flights in Attn. texana (Moser 1967) and in Neivamyrmex males 
(Baldridge et al. 1980). Yamauchi et al. ( 1986) found that wind so weak 
as to only sUghtly wave nearby herbs was sufficient to stop flights in 
Lastus spp. Even in Solenopsis wagn.eri., in which wind assisted 
dispersal has been documented, most flights occur when wind velocity 
is less than Bkm/hr (Markin et al. 1971). Many insects are apparently 
unable to conduct their usual movements when flytng in a wind 
(Sullivan 1981). Strongwindscouldinterlerewithswannfonnationand 
mating. 

Members of the following ant subfamilies are present in Puerto Rico: 
Ponerlnae, Cerapachyinae (one rare species). Pseudomyrmecinae, 
Myrmicinae, Dollcboderinae and Formicinae. All subfamilies, except 
the Dolichoderinae and Cerapachyinae, include species in which 
nuptial flights occurred with a high frequency. More research is needed 
1n the Dolichoderinae Jn other areas to see if this is a general charac
teristic of this subfamily. 

Wasmannta auropunctata had a high frequency of nuptial flights at 
Guaynabo. nus species has a patc;hy distribution with areas of local 
high dominance. but is rare iri the islands surrounding Puerto Rico 
{Torres & Snelling 1997). Although W. auropwtetata had a high fre
quency of nuptial flights, probably after mating they fly only for short 
distances (Levins et al. 1973) which could explain its restrtcted distri
bution. 

Rogerta.foreli was captured in low numbers at Guaynabo during the 
pre-dawn period; but it seems to be more active during the day. as found 
by our collections using Malaise traps operating during the day. Also, 
we have captured Rogeria cari.nata frequently in a Malaise trap operat
ing 24 hours a day at the Guanica forest, which indicates that this· 
species probably starts flying during the pre-dawn pertod but extends 
its flying pertod to the early morning hours. Apparently Brru:::hymyrmex 
obscwi!Jr also prefers to fly during the day. We did not capture females 
in the light traps, but we have captured B. obscuriorfemales in Malaise 
traps. 

There are several species that exhibit unusual flight patterns, and in 
some additional research is needed to explain these patterns. Only one 
queen ofTaptrwmamelarwcephalumwas captured. In T. melanocephalum 
mating can occur inside the nests (Levins et aL 1973), and that could 
explain the low queen number. Males of Solerwpsi.s corticalis appeared 
in low numbers compared to queens. We have observed flights of S. 
corti.calis after sunrise and males during daytime hours were more 
abundant than queens. It is possible that queens start flying earlier 
than males. and that could explain the low number of males in the pre-
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dawn period. 
Males of a species of Probolomyrmex were captured with great 

frequency in 1996 at the Guilnica dry forest, but were rare in 1997. 
Maybe the low rainfall in 1997 affected this subterranean species. We 
have not been able to find workers or queens of tl'Jis species. ln 
Leptotlwrax torreiwe captured great numbers of males. but no females. 
We have found queens of this species only by sifting leaf Utter. The 
biology of this species needs to be studied to see what happens to the 
queens. Queens of Pseudomyrmex simplex. Dorymyrmex sp. (we have 
collected alate queens in nests) and Amblyopone sp. were not captured. 
Research is needed to see if females in these species have abandoned 
nuptial flights or if they continue their nuptial fllghts during the day. 
Males of Tetramortum were rarely captured and more information is 
needed to see If they concentrate their flights during the day. 

The following species have ergatoid queens: Monomoriumebentn.um. 
M. jlorlcola and Anochetus kempfl. Males of Mon.omortum were rarely 
captured, but males of the ponerine Anochetus kempft (a nocturnal 
species, Torres et aL 2000) were captured with relatively high fre
quency. Workers of both species of Monomorium are diurnal (Torres 
1984). and males probably prefer to have nuptial flights during the day. 
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