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Multivariate analyses of males of 25 species of the Old World army ant genus Dorylus were used to investigate taxonomic 
structure inherent in the morphological data gathered. Results were compared both with the current subgeneric classification of 
this genus and with results from a similar study on the major workers. Males are phenetically more divergent than major workers. 
The subgenera Rhogmus, Alaopone, and Typhlopone appear deserving of continued individual status, but species of Anomma 
and Dorylus (s.s.) form one diverse taxon. Although the single species of Dichthadiu is relatively distinctive in this study, a 
conservative classification would place it with species of Dorylus (s.s.). 

BARR, D. et W. H. GOTWALD, JR. 1982. Phenetic affinities of males of the army ant genus Dorylus (Hymenoptera: Formicidae: 
Dorylinae). Can. J. Zool. 60: 2652-2658. 

Des analyses multidimensionnelles basCes sur les miiles de 25 especes du genre Dorylus, fourmi du Vieux Monde, ont permis 
d'Ctudier la rCalitC taxonomique sous-jacente aux donnCes morphologiques accumulCes. Les rksultats ont CtC comparCs d'une part 
a la classification subgknkrique actuelle du genre et, d'autre part, aux rCsultats d'une Ctude semblable sur les grandes ouvri&res. 
Les miiles ont des caractkres externes plus variks que les grandes ouvrieres. Rhogmus, Alaopone et Typhlopone doivent 
probablement conserver leur statut de sous-genre, mais les especes d' Anomma et de Dorylus (s. s.) appartiennent toutes au mkme 
sous-genre. La seule esp&ce de Dichthadia nous apparait relativement distinctive a la suite de cette etude, mais elle serait placke 
dans le sous-genre Dorylus (s. s. ) selon la classification classique. 

[Traduit par le journal] 

Introduction 
The ants commonly referred to as "true army ants," 

and once placed in a single, presumably monophyletic 
group, are currently arrayed among two subfamilies 
(Snelling 1981). The New World species belong to the 
subfamily Ecitoninae and the Old World species to the 
subfamily Dorylinae. This placement reflects the belief 
among contemporary myrmecologists that the New and 
Old World species are separately derived, i.e., that the 
army ant adaptive character complex arose at least twice 
independently and convergently among the ants. The 
Old World species are represented by two genera, 
Aenictus and Dorylus, and these genera themselves may 
embody distinct, convergent, army ant forms (Gotwald 
and Kupiec 1975; Gotwald 1982). 

Taxonomically the subfamily Ecitoninae has received 
thorough treatment and is not likely to require more than 
updating and phylogenetic reinterpretation in the near 
future (Borgmeier 1953, 1955; Watkins 1976). The 
Dorylinae, on the other hand, have been only partially 
reworked taxonomically. Wilson (1964) revised the 

Indo-Australian species of Dorylus and Aenictus but 
excluded the males from his revision. Because so few 
worker-male associations have been established among 
the Indo-Australian forms (taxonomy of army ants 
suffers from a myriad of species descriptions of unasso- 
ciated phena), Wilson concluded that to include a 
separate male-based classification in his revision would 
eventually create too much nomenclatural confusion. 
Only the African forms of Dorylus and Aenictus remain 
to be revised. This paper is a contribution toward the 
revision of the former genus being conducted by the 
junior author. 

The genus Dorylus is divided into six subgenera 
(Alaopone, Anomma, Dichthadia, Dorylus, Rhogmus, 
and Typhlopone). The continued subgeneric status of 
these six species groups must be examined in the context 
of phylogenetic conclusions drawn within the revision. 
Although queens, workers, and males of each subgenus 
generally possess distinct morphologies, the species of 
Dorylus and Anomma appear to form a single, diverse, 
but continuous taxon (Gotwald and Barr 1980). Anomma 
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workers belonging to a series of species referred to as the 
emeryi group are transitional between the morpholog- 
ical extremes of the two subgenera. The males of 
Anomma and Dorylus are quite similar, and unam- 
biguous diagnostic characters that will distinguish one 
subgenus from the other have yet to be discovered. 

In an effort to clarify the status of the subgenera, 
quantitative studies were first undertaken on the major 
workers (Gotwald and Barr 1980). These studies re- 
vealed only four integral species clusters, and these 
corresponded to the subgenera Rhogmus, Alaopone, 
Typhlopone, and Dorylus (s.s.). This paper reports the 
results of an identical set of phenetic studies conducted 
on the males. Although the results are of intrinsic 
interest to the grouping of Dorylus species, they are also 
useful in demonstrating the degree of congruence 
achieved between independent studies of the two phena, 
i.e., of the workers and males. To the extent that 
congruence exists, the pragmatic value of phenetics to 
taxonomic revisions of groups containing unassociated 
phena can be determined. 

Materials and methods 
All methods used in this study were chosen to be consistent 

with, and thus comparable with, those described by Gotwald 
and Barr (1980). In that earlier paper we discussed the 
analytical techniques in more detail and cited the reasons for 
our choice. 

A set of 55 characters was used to describe the males of each 
of the 25 army ant species examined in the present study. 
Included were metric, meristic, and ordered multistate charac- 
ters as well as several standard myrmecological indices. The 
male habitus is robust and wasplike (Fig. l ) ,  with distinct 
morphological variations that correlate well with the current 
subgeneric groupings (see Figs. 2 and 3). Mandible shape 
alone is sufficient to place most species in their proper 
subgenera (with the exception of species of Anomma and 
Dorylus) (Figs. 3, 4). Male-specific characters are abundant. 
Those that are especially useful to the taxonomist are found 
primarily in the subgential plate (Fig. 4), the genital capsule 
(Fig. 5), and in the patterning of the wing veins (Fig. 6). 

We used the exemplar method of characterizing species by a 
selected male specimen representative of each species. Moss 
(1968), among others, has reported on robustness of the 
exemplar technique. One complete analysis was performed on 
the full set of raw data. Then, to reduce the influence of size, all 
metric characters in the data set were transformed to ratios of 
profemur length (explained in detail by Gotwald and Barr 
1980). The transformed data set subsequently served as the 
basis for a second complete analysis. The full character set is 
listed in the Appendix, and those characters transformed to 
ratios for the second analysis are marked with an asterisk. A 
complete, 55-character, raw data set of scores for the 25 
species of this study is available from either author upon 
request. 

Data for all analyses were first standardized to deviations 
from the character mean in standard deviation units. The 
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FIG. 1. Morphology of male of Dorylus sp. (wings, legs, 
and pilosity omitted) showing major regions from which 
characters were drawn for the study. 

FIG. 2. Habitus of males representing four subgenera of the 
genus Dorylus, lateral view; legs, wings and pilosity omitted. 
(A) Alaopone. (B) Anomma. (C) Dichthadia. (D) Dorylus. 
Each scale equals 1 rnrn. 

standardized data set was then used to calculate average 
taxonomic distance from each species to every other species 
and also the product-moment correlation coefficients between 
all species. The unweighted pair-group method on averages 
(UPGMA) was used on both of these similarity measures to 
cluster species, and the results of clustering were plotted in the 
form of standard phenograms. 
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F ~ G .  3. Habitus of males (A, B) representing two subgenera 
of the genus Dorylus, lateral view; legs, wings and pilosity 
omitted. Heads of males (C-E) belonging to three subgenera 
of the genus Dorylus, dorsal view; pilosity and right antenna 
omitted. (A) Rhogmus. (B) Typhlopone. (C) Alaopone. (D) 
Anomma. (E) Dichthadia. Each scale equals I mm. 

Standardized data also served as the basis for ordination 
procedures used to obtain a continuous view of species 
relationships free of the arbitrary boundaries imposed by 
clustering techniques. Two characters (33,47), however, were 
deleted from the data set for these analyses, because at least 
one species could not be scored for each. Principal components 
analysis (PCA) was used to array the 25 species in three- 
dimensional attribute (A) space. Nonmetric multidimensional 
scaling (MDS) on average taxonomic distances was also 
carried out because its results are generally less affected by 
distortions inherent in the PCA ordination. The MDS ordina- 
tion was subsequently rotated to alignment with the major axes 
of variation established by PCA. A minimum spanning tree 
based on average taxonomic distances served as an objective 
check on the apparent clusters produced by the MDS analysis 
and to assist in visualizing any remaining distortion. The MDS 
results were plotted as three-dimensional diagrams so that 
similarity of relationships could be more readily assessed 
visually. All procedures are discussed by Sneath and Sokal 
(1973). 

Computations were carried out on the IBM System 
370/3033 computer at the University of Toronto. Clustering 
and ordination procedures were performed with the NTSYS 
package of programs (Rohlf et al. 1972). Representation of 

F ~ G .  4. Heads of males (A-C) belonging to three subgenera 
of the genus Dorylus, dorsal view; pilosity and right antenna 
omitted. Subgenital plates (D-I) of males of the genus 
Dorylus, ventral view. (A) Dorylus. (B) Rhogmus. (C) 
Typhlopone. (D) Alaopone. (E) Dichthadia. (F) Rhogmus. 
(G) Typhlopone. (H) Dorylus. (1) Anomma. Each scale equals 
1 mm. 

ordinations in three-dimensional perspective was accom- 
plished by the program PHYSETER written by Ralph Gibson 
at the University of Toronto. 

Because synonymic details of the pending Dorylus revision 
have yet to be finalized, species included in this study are 
referred to only by number. Species numbers and the subgen- 
era to which they belong are as follows: 1-4, Alaopone; 5-8, 
Anomma; 9, Dichthadia; 10- 14, Dorylus; 15- 19, Rhogmus; 
20-25, Typhlopone. 

Results 
As before (Gotwald and Barr 1980), we have em- 

ployed the multivariate procedures in this study in an 
exploratory rather than a confirmatory mode. We have 
sought to visualize the inherent taxonomic structure in 
our-data and from this to draw conclusions as to the 
relative phenetic affinities of the Dorylus species exam- 
ined. 

For several reasons which we have discussed pre- 
viously (Gotwald and Barr 1980), we believe that 
analyses of our data where metric characters have been 
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FIG. 5. Genital capsules of males of the genus Dorylus, 
lateral view, pilosity omitted. The paramere is stippled (a, 
aedeagus; v, volsella). (A) Alaopone. (B) Anomma. (C) 
Dichthadia. (D) Dorylus. (E) Rhogmus. (F) Typhlopone. (G) 
Rhogmus. Each scale equals 1 mm. 

- 
Second Recurrent Vein- 

FIG. 6. Forewing of Dorylus (Rhogmus) male showing 
relevant veins and cells. 

transformed to ratios provide the most reliable estimates 
of phenetic relationships. These results will be discussed 
fully here and form the basis for our major conclusions. 
Nevertheless, results of ,the analyses on raw data were 
examined carefully as well and were found to be similar 
to the results from the transformed data in most major 
respects. Most of the same species groups were recog- 
nized (particularly in UPGMA clustering on correla- 
tions), although intergroup relationships and placement 
of certain species varied. 

All phenograms produced by the UPGMA technique 
were similar in general features, and those illustrated in 
Figs. 7 and 8, based on analyses of the transformed data, 

r-~= !i RHoGMus 

08 - ANOMMA 

ANOMMA 

13 - DORYLUS 
15 - RHOGMUS 

FIG. 7. Phenogram produced by UPGMA clustering of 
average taxonomic distances calculated on the transformed 
data. Matrix correlation (cophenetic correlation) r = 0.859. 

FIG. 8. Phenogram produced by UPGMA clustering of 
product-moment correlation coefficients calculated on the 
transformed data. Matrix correlation r = 0.878. 

are representative. The phenogram based on average 
taxonomic distances (Fig. 7) shows five distinct species 
clusters which mirror in part the subgeneric classifica- 
tion presently in use for this genus (see Gotwald 1982). 
The four species of Alaopone in the study cluster tightly 
together and are seen to be closely associated with a 
similarly compact cluster of four Rhogmus spp. A fifth 
species of Rhogmus (No. 15) occupies a position separ- 
ate from all others in the study. The six species of 
Typhlopone form a distinct cluster as well, but the 
remaining two subgenera, Anomma and Dorylus (s . s. ) , 
are split into two mixed clusters in widely separated 
positions on the phenogram. The single specimen 
representing the subgenus Dichthadia does not cluster 
closely with any other species and occupies a position 
coordinate with the subgenera Typhlopone, Rhogmus, 
and Alaopone. 

The phenogram based upon correlation coefficients 
(Fig. 8jshows the same compact clusters for Alaopone, 
Rhogmus, and Typhlopone, kith the additional feature 
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that Rhogmus sp. No. 15 clusters this time with the other 
species currently classified in the same subgenus. 
Dichthadia is distinct as before but this time seems 
closer to the subgenus Alaopone than to any other. The 
species currently classified in the subgenera Anomma 
and Dorylus (s.s.) are again somewhat mixed but this 
time cluster at least loosely together in a single position 
on the phenogram. The status of the combined Dorylus- 
Anomma cluster is roughly equivalent to the subgenus 
Typhlopone and to the clustered subgenera Alaopone, 
Dichthadia, and Rhogmus. In particular, Anomma sp. 
No. 8 and Dorylus sp. No. 13 show a closer affinity to 
each other than to the remaining species of their 
respective subgenera. 

We consider PCA analyses to be somewhat less 
reliable than those from the MDS procedure and have 
utilized them here primarily as an aid to establishing the 
three most significant axes of variation, to determine the 
relative contribution of different characters to these first 
three principal component axes and as a seed for the 
MDS analysis. The first three component axes generated 
in the PCA procedure accounted for 61.92% of total 
variation in the transformed data set, a reduction from 
the 75.76% for the first three component axes in the 
analysis of raw data. This reduction appears again, as we 
discussed previously (Gotwald and Barr 1980), to result 
from the considerable reduction in explanatory value of 
the first component axis (29.4 vs. 50.56%) concordant 
with its change from being primarily an indicator of size 
differences to one of shape differences. 

In the transformed data set, principal component axis 
I was influenced most heavily by characters expressing 
the relative size of major body regions: head, four 
characters; thorax, three characters; abdomen, two 
characters; legs, two characters. Loadings for all the 
more important characters on this axis were positive. 
Component axis I1 accounted for 23.49% of the varia- 
tion in the data set. Important in separating species in 
this dimension were two relative size characters (flagel- 
lum, forewing cell 2) and several shape characters 
dealing with antennae, mandibles, wing veins, and 
genitalia. Component axis I11 accounted for only 9.03% 
of the total variation and was strongly influenced by 
fewer characters than the other two axes (mouthparts, 
wing venation, leg size, and genitalia). Surprisingly, the 
only pure metric character left in the analysis (No. 42, 
profemur length) had its major loading on axis 3, with a 
smaller negative loading on axis 2, and very light 
loading on axis 1. This latter result would appear to 
substantiate our view (Gotwald and Barr 1980) that 
transformation to ratios has effectively removed size as 
an overriding bias in the analyses. 

Results of the MDS ordination are graphed in Fig. 9. 
The major species groups detected in clustering can be 
seen here as well, but intergroup relationships vary 

ANOMMA I 

FIG. 9. Nonmetric multidimensional scaling ordination of 
the 25 Dorylus males in the A space defined by the first three 
component axes (I, 11, 111), based on average taxonomic 
distances calculated on the transformed data (stress = 0.183). 
Matrix correlation r = 0.97 1 . 

somewhat, and an explanation for the variable clustering 
behaviour of certain species is evident. The five Typh- 
lopone species (20-25) show perhaps the highest group 
integrity by comparison with current classification, 
and members of this subgenus are separated by only a 
narrow yet relatively distinct gap from species of 
Dorylus (s.s.). The species of the subgenus Rhogmus 
(15-19) cluster well away from all other species in this 
study, although Rhogmus sp. No. 15 is seen to be highly 
distinctive and more distantly removed from its nearest 
neighbour than any other species in the study. Alaopone 
spp. 1-3 cluster together and occupy a position some- 
what intermediate between species of Rhogmus and 
those of Dorylus (s.s.). Alaopone sp. No. 4 is in turn 
intermediate between the main group of Alaopone 
species and the Rhogmus cluster. The sole species of 
Dichthadia in the study occupies a highly distinctive 
position, mirroring its behaviour in the cluster analyses, 
and shows closest affinity with a loose group of species 
currently classified in Dorylus (s. s .). Species of Dorylus 
and Anomma, as might be expected from the cluster 
analyses, occupy two loosely associated and partially 
mixed clusters. Anomma spp. Nos. 5 , 6, and 7 cluster 
loosely as do Dorylus spp. Nos. 10, 11, 12, and 14 and 
Anomma sp. No. 8. Separate from these two groups but 
forming an intermediate link is Dorylus sp. No. 13. 

Discussion 
Figure 10 presents a schematic view of the phenetic 

affinities of the males of Dorylus species included in this 
study, based upon MDS ordination and the results of 
clustering, with the minimum spanning tree of nearest 
neighbour distances superimposed. Broken lines are 
used to encircle species groups defined in such a way 
that all nearest neighbour distances between circled 
groups exceed those among species within groups. This 
diagram then provides a basis for reassessing the 
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FIG. 10. Schematic representation of phenetic affinities of 
Dorylus spp. determined in the present study with the 
minimum spanning tree superimposed. Line lengths are in 
units of average taxonomic distance. Broken lines define 
species groups such that all exgroup nearest neighbour 
distances exceed those within groups. 

subgeneric affinities of Dorylus species based upon the 
male phenotype. 

  he ~ ~ ~ h l o ~ o n e  group appears robust and distinct 
and should probably be retained. Its closest affinities are 
clearly with species of Dorylus (s.s.). The lone species 
in the subgenus Dichthadia appears to be sufficiently 
distinctive in these phenetic analyses to warrant at least 
continued subgene& status. s he species of Rhogmus 
included in this study clearly show a distinctive phenetic 
facies and apparently represent a distinct subgeneric 
unit. Rhogmus sp. No. 15, in spite of its highly 
distinctive phenetic position, should continue to be 
classified within that subgenus to avoid excessive 
splitting. 
- The klaopone cluster of species (1-4) is not as tight 

and distinctive as the subgeneric groupings discussed 
thus far. Nevertheless, species currently classified in 
this subgenus do have each other as nearest neighbours, 
and a conservative retention of the subgeneric grouping 
seems warranted on the basis of our present data. 
Species currently classified in the subgenera Dorylus 
(s.s.) and Anomma do not show clear subgeneric 
separation. They form a diffuse group which & elon- 
gated in the direction of principal component axis 11. 
Although the two extreme poles of this elongate group- 
ing correspond to the existing subgenera, species are 
mixed at intermediate positions along the gradient. It 
would appear difficult to treat this group of species in 
any way other than classification in a single subgenus on 
the basis of the present study. 

The current study is similar to that previously carried 
out on major workers of a number of species represent- 
ing all existing subgenera of the genus Dorylus (Got- 
wald and Barr 1980) in providing support for the reality 
of the traditional subgeneric groupings Rhogmus, Typh- 
lopone, and Alaopone. Both studies also detected con- 
siderable lack of structure in the species belonging to the 
two subgenera Dorylus (s.s.) and Anomma, whose 
component species form a mixed and loose association. 
In both studies, species of the subgenera Alaopone, 
Typhlopone, and Dichthadia had their closest relation- 
ship outside the subgenus with species of Dorylus (s.s.). 
In studies based upon the major worker, Rhogmus 
species also clustered most closely with Dorylus (s.s.) 
species, but in the present study Rhogmus is related to 
Dorylus by way of the intermediate position of Alao- 
pone spp. Thus results from the two studies are largely 
concordant and appear to provide an increasingly stable 
basis for making final decisions on intrageneric clas- 
sification. 

Although phenetic studies are now available for two 
major phenotypic forms of the African army ants of the 
genus Dorylus, it would still be desirable to reserve final 
judgement on subgeneric classification until additional 
studies can be carried out on queens. Analyses of pooled 
data sets from several phenotypes should also be 
performed. Nevertheless, several clear strengths and 
weaknesses of the current classification are evident in 
our data at this point. Listing these now will serve as a 
convenient guideline to appropriate revisions to the 
subgeneric classification in future studies. 

Integrity of the subgenera Rhogmus and Alaopone 
now seems unquestioned, and species of Typhlopone as 
well appear distinct although more closely related to 
species currently classified in the subgenus Dorylus 
(s.s.) than the first two groups. Dichthadia, while 
clearly separate from Dorylus (s . s . ) in the male, is not as 
distinct in the major workers, and this lack of concor- 
dance in degree of divergence suggests that a conserva- 
tive treatment would include this species among those of 
Dorylus (s.s.). The current study provides a second 
basis of support for our earlier conclusion that the 
species currently classified as Anomma or Dorylus (s.s.) 
should be combined in a single taxon. 

It is also clear from a comparison of the results of this 
study with those of Gotwald and Barr (1980) that 
phenetic divergence has been more pronounced in 
Dorylus males than is the case among major workers. 
This may be either because males are more subject to 
selection by character displacement (Brown and Wilson 
1956) because of their sexual role, or because there are 
strong pressures for convergence of the major worker 
phenotype because of its intimate interaction with the 
environment in the army ant life style. For this reason, 
we recommend that results of the analyses of phenetic 
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affinities of Dorylus males be treated conservatively, 
and that therefore radically divergent species such as 
Rhogmus sp. No. 15,  Dorylus sp. No. 13,  and the sole 
Dichthadia sp. No. 9 be assigned to the respective 
clusters with which they have closest affinity. 

In summary, we see little reason to revise our earlier 
conclusion that one of the more realistic options availa- 
ble for the future would be to recognize only four 
integral species groups among species previously clas- 
sified in the genus Dorylus. These groups might be 
named or correspond to the current subgeneric names 
Rhogmus, Alaopone, Typhlopone, and Dorylus (s.s.). 
A final decision on whether to regard these four groups 
at the generic or subgeneric level must still await 
extension of the present study to additional phena within 
the genus Dorylus and to other genera of the Dorylinae 
and Ecitoninae. 
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Appendix: Character list 
(All lengths measured in millimetres to nearest 0.01 mm. Those characters transformed to ratios for the second analysis are 

marked with an asterisk.) (1) Antenna1 segments: total number including scape. (2)* Length of terminal flagellar segment. (3)* 
Scape length (excluding neck) (SL). (4) Scape index (SI), (SL x 1000)/MHW. (5)* Head length (HL) (including ocelli on 
posterior margin). (6)* Maximum head width (MHW), including compound eyes. (7) Cephalic index (CI), (MHW x 100)/HL. 
(8)* Interocular distance (ID), between mesal margins of compound eyes. (9)* Frontoclypeal length (FCL), between anterior 
margin of median ocellus to anterior margin of clypeus on the midsagittal line. (lo)* Compound eye length (CEL), in lateral 
view. (1 1)* Compound eye width (CEW), in lateral view. (1 2) Compound eye index (CEI), (CEW x 100) /CEL. (1 3)* Mandible 
length (ML). (14) Mandibulocephalic index (MCI), (ML x 100) /HL. (15)* Maximum mandibular width (MMW). (16) 
Mandibular index (MI), (MMW x 100) /ML. (17) Mandible shape. (1 8) Shape of anterior clypeal margin between antennal 
sockets. (19) Shape of distal margin of labrum. (20)* Interocellus distance (IOD), between mesal margins of lateral ocelli. (21) 
Shape of antennal fossa. (22)* Head depth (HD), longest distance between occipital margin and anterior margin of head in lateral 
view. (23)* Scutum width (SW). (24)* Scutum length (SL), between anterior margin and scutal-scutellar suture. (25) Scutal 
index (SCI), (SW x 100) /SL. (26)* Scutellum width (SCW). (27)* Scutellum length (SCL). (28) Scutellar index (SLI), (SCW 
x 100)/SCL. (29)* Alitrunk length (AL), in lateral view. (30) Condition of second recurrent vein in forewing. (3 1) Condition of 
prediscoidal cell in hindwing. (32)* Forewing length (FWL). (33)* Hindwing length (HWL). (34) Position of crossvein cu-a of 
forewing. (35)* Length of forewing cell 1. (36)* Diagonal length of forewing cell 2. (37)* Length of forewing cell 3. (38)* 
Petiole width (PW). (39)* Petiole length (PL). (40) Petiole index (PI), (PW x 100) /PL. (41 )* Petiole height (PH), between 
dorsum and border of tergum in lateral view. (42) Profemur length. (43)* Protibia length. (44)* Mesofemur length. (45)* 
Mesotibia length. (46)* Metafemur length. (47)* Metatibia length. (48)* Maximum width of first gastral segment. (49) 
Aedeagus shape. (50) Subgenital plate shape. (5 1)* Length of subgenital plate cleft. (52)* Distance between points of subgenital 
plate prongs. (53) Paramere type. (54)" Length of paramere in lateral view. (55) Volsella shape. 


