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ABSTRACT

TheMalagasy endemic whirligig beetleHeterogyrus milloti Legros, 1953 is redescribed. Jumping behavior ofH. milloti
is reported here for the first time with video recordings provided. Results of a behavioral experiment conducted in the field
demonstrateH. milloti jumps in a targetedmanner in a downstream direction. The unique habitat ofH.milloti is described in
detail with both image and video of the habitat included. Morphology of H. milloti is discussed in detail, revealing
symplesiomorphies with Spanglerogyrus Folkerts, 1979, characters forming transitional series between Spanglerogyrus
and the Gyrininae, and features unique to H. milloti. The potential adaptive significance of these peculiar morphological
features in association with the habitat of H. milloti is discussed. Finally, an argument for the necessity of conservation of
this species is made, and common names in English, French, Malagasy, and Swedish for H. milloti are proposed to aid
conservation efforts.
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Heterogyrus milloti Legros, 1953 is a little known
but extraordinary whirligig beetle with a striking
yellow and black striped appearance (Fig. 1A). The
species was originally described in 1953 by Legros,
after he received a batch ofMalagasy Hydradephaga
from Renaud Paulian (then Deputy Director of
l’Institut de Recherche Scientifique de Madagascar),
containing four specimens (one male and three fe-
males) of a distinctly new taxon (Legros 1953). The
original description was in French with several il-
lustrations of some of the more interesting mor-
phological features (Legros 1953). Legros (1953)
compared Heterogyrus Legros to the known genera
of the Gyrinini Latreille (then the Gyrininae), placing
it within this group due to the presence of maxillary

galea. Brinck (1955) was next to treat Heterogyrus.
Noting the numerous unique characteristics of the
genus, he decided to place it in a new monotypic
tribe, but he also recognized several features uniting
it with the Dineutini Desmarest (then Enhydrinae
Régimbart) and the Orectochilini Régimbart (then
Orectochilinae). Brinck (1955) provided a short
description of the species in English as well as an
improved illustration of the aedeagus of the type
specimen.

Following discovery of Spanglerogyrus albi-
ventris Folkerts, 1979, the classification of the
Gyrinidae changed considerably, as Folkerts (1979)
placed his new genus into the newly erected
monotypic subfamily Spanglerogyrinae Folkerts
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and lowered all the former subfamilies to tribal rank
within the nominotypical subfamily Gyrininae, as
the species possessed numerous seemingly plesio-
morphic conditions relative to all other Gyrinidae.
Spanglerogyrus Folkerts was indeed recovered as
sister to all other Gyrinidae in the first phylogenetic
analysis of the family including molecular data
(Miller and Bergsten 2012), supporting its place-
ment in its own subfamily, and the plesiomorphic
nature of its morphology. Surprisingly, Miller and
Bergsten’s (2012) analysis similarly placed Hetero-
gyrus in an isolated position as sister to all the
Gyrininae, resulting in elevation of Brinck’s (1955)
HeterogyriniBrinck to subfamilial status. The study also
suggested themorphology ofHeterogyrus is transitional
between the early diverging Spanglerogyrus and the

more derived Gyrininae, supporting its position in the
phylogeny (Miller and Bergsten 2012). Miller and
Bergsten (2012) were also the first to report briefly on
the unusual habitat of Heterogyrus relative to that of
other Gyrinidae.
While collecting H. milloti during a 2014 expe-

dition to Madagascar, it was observed that live
specimens jumped about in the aquatic net after
being removed from water. Furthermore, specimens
placed in white plastic pans were noted to jump
adeptly. To observe the species’ behavior in a more
natural setting, specimens were placed on a dried
stream bed and again found to jump, but in this
situation, individuals performed targeted, seem-
ingly non-random hops in a downstream direction.
Thus, the authors performed a small behavioral

Fig. 1. Heterogyrus milloti. A) Dorsal habitus of male, scale bar 5 2 mm, B) Ventral habitus, lw 5 lateral wing
of metaventrite, ma 5 metanepisternum, Roman numerals indicate abdominal sternites.
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experiment to test the hypothesis thatH.milloti hops
in a non-random, targeted downstream manner.
In this paper, we provide a redescription of the

species, more information on the habitat of H.
milloti, report undocumented behavior with results
from a small behavioral experiment, and finally
discuss the plesiomorphic, transitional, shared, and
unique morphology of this species in relation to
other Gyrinidae. Finally, common names are pro-
posed for H. milloti to aid in communication and
conservation of this species.

MATERIAL AND METHODS

Morphology and Taxonomy. In total, 71 spec-
imens were examined for this study. Material was
examined from the following collections:

For descriptive and comparative purposes,
specimens were examined using a Zeiss Discovery.
V8 SteREOmicroscope with attached drawing tube.
Illustrations were first prepared under the drawing
tube then scanned and traced using the software
Adobe Illustrator. Female genitalia were prepared
following the methods outlined in Miller and
Bergsten (2012) and were illustrated in water.
Smaller anatomical structures such as the metacoxa
and genitalia were first cleared using KOH then
examined using a Zeiss AXIO Imager A2 com-
pound microscope with attached Axiocam 506
mono camera.
Habitus and other color images were taken on a

VisionaryDigital BK1 light imaging system (www.
visionarydigital.com, R. Larimer). Habitus images
were edited usingAdobe PhotoshopCS5 to improve
clarity and color and to add scale bars. Scanning
electron microscope images were taken at the KU
Microscopy and Analytical Imaging Laboratory,
University of Kansas, Lawrence, KS, USA.
Behavioral Experiments. Specimens of H.

milloti were collected from a medium-sized pool
in a small stream bed located -21.24980°S,
47.40410°E, at 1,080 m elevation, in Ranomafana
National Park, Fianarantsoa Province, Madagascar

on 2 November 2014. Numerous specimens were
collected at random using a large strainer, then
placed in a water-filled plastic container for holding
during experimentation. Water for the holding
container was collected from the same pool prior to
collecting the beetles. Each trial consisted of first
scooping a specimen from the plastic container
using a small tea-strainer, placing the specimen on
the dried stream bed adjacent to the stream, then
observing the specimen’s behavior. Each trial (n 5
17) was recorded in situ by a Canon Legria HFS100
camcorder.

For each trial, the specimenwas placed roughly in
the center of a small (ca. 30 cm), circular arena of
dried stream bed. Once in the arena, specimens were
not manipulated and were allowed to acclimate
before jumping. Specimens that did not exhibit any
movement after ca. 20 seconds were not included in
the final sample. Specimens where allowed to jump
unimpeded until exiting the arena, at which point
they were caught by the first author and removed
from the arena. To insure the same specimens were
not re-sampled, they were collected into ethanol at
the end of each trial. Specimens whose movements
were not tracked by the observers present at the time
of the trial were also excluded from the final sample.
These qualifications resulted in two of the trials
being excluded and a final sample size of 15 trials.

RESULTS

Morphology and Taxonomy

Heterogyrus milloti Legros, 1953

Material Examined. MADAGASCAR: Fia-
narantsoa Province: 7 km W Ranomafana,
1,100 m, 8-21.x.1988, leg. W. E. Steiner (3 ex.
MSBA); same as previous except 1,000 m, 1-7.
iii.1990 (3 ex. MSBA); ;8 km W Ranomafana
town, stream, 21°14.992’S, 47°24.332’E, 20.
xi.2008, leg. K. B. Miller, KBM20110801 (18 ex.
MSBA); Ranomafana NP, 3.8 km SE of Vohiparara
village, 21.2498°S, 47.4041°E, 1,080 m, 2.xi.2014,
forest streamby road, leg. G.GustafsonGTG110214D
(6 ex. GTGC). Ranomafana NP, 3.8 km SE of
Vohiparara village, 21.2498°S, 47.4041°E, 1,080 m,
2.xi.2014, forest stream by road, Leg. J. Bergsten, T.
Ranarilalatiana & S. Holmgren, MAD14-08, NHRS-
JLKB000027148 (3 ex. NHRS); Ranomafana NP,
3.8 km SE of Vohiparara village, 21.2498°S,
47.4041°E, 1,080 m, 1.xi.2011, small forest
stream with pools, leg. J. Bergsten, R. Bukontaite, T.
Ranarilalatiana & J. H. Randriamihaja, MAD11-11,
NHRS-JLKB000027145 (20 ex. NHRS, 4 ex.
DEUA); Ranomafana NP, 500m from Micet station
by the road, 21.2552°S, 47.41214°E, 960 m, 30.
x.2011, small forest stream with sidepools, leg.
J. Bergsten, R. Bukontaite, T. Ranarilalatiana & J. H.

GTGC Grey Gustafson research collection, currently at
Department of Ecology and Evolutionary
Biology, University of Kansas, Lawrence,
Kansas, U.S.A.

MSBA Museum of Southwestern Biology, Division of
Arthropods, University of New Mexico,
Albuquerque, NewMexico, U.S.A (K.Miller).

NHRS Swedish Museum of Natural History, Stockholm,
Sweden (J. Bergsten).

DEUA Departement d’Entomologie, Université
d’Antananarivo, Antananarivo, Madagascar.
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Randriamihaja,MAD11-01,NHRS-JLKB000027144
(8 ex. NHRS); Ihorombe, R. S. Pic d’Ivohibe corridor:
Ampanasaha: at the east limit of the corridor, close to
Ampanasaha river: 22.47185°S, 46.957783°E, 926m,
9.xii.2013, weakly trickling forest stream with dead
leaves, MAD13-52, leg. J. H. Randriamihaja & T.
RanarilalatianaNHRS-JLKB000027147 (1 ex.NHRS);
Ihorombe, R. S. Pic d’Ivohibe: Ampanasaha: stream
before river Ampanasaha: 22.475516°S, 46.95273°E,
1,006 m, 8.xii.2013, small stream with pools on
rocks, MAD13-50, leg. J. H. Randriamihaja & T.
RanarilalatianaNHRS-JLKB000027146 (5 ex.NHRS).
Type Locality. Ampasy, upper Iantara valley,

southeast of Andringitra massif, Fianarantsoa,
Madagascar (Viette 1991). This is located in or just
outside the southeastern corner of Andringitra
National Park (approximate coordinates 22.3°S,
47.02°E).
Diagnosis. Heterogyrus milloti is recognized by

the following unique combination of character
states: Antennal flagellum 9-segmented, strongly
setose with long setae present along anteromedial
face of flagellomeres II–IX; eyes widely separated
dorsoventrally by well-developed interorbital re-
gion, interorbital region with antennal groove; la-
brum transversely divided by strong infolding with
setose anterior margin; maxillary galea 2-segmented;
mentum trilobate; prementum not fused to mentum;
pronotum with median lobe projecting onto head
capsule; lateral margins of pronotum and elytra
broad, explanate, setose; scutellar shield visible with
elytra closed; elytron with sutural border and nine
serial striae, yellow and black striped in coloration;
protibial medial spur present; metaventrite with tri-
angular lateral wings, metaventral discrimen with
short transverse suture; metacoxae oblique; abdom-
inal sternite VIII trilobate in males, bifid in females.
Redescription. Size:_ length 6.0–6.5mm,width

3.0–3.5 mm; \ length 5.7–6.0 mm, width 3 mm.
Habitus:Medium size; body elongate oval, weakly
attenuated posteriorly; in lateral view, strongly
dorsoventrally depressed, slightly humped poste-
riad to scutellar region. Coloration: Head with
vertex bronzy green medially, posteriorly near
pronotum and ocular region black; frons laterally
bronzy green, becoming more golden bronzed
medially, frontolateral margins black; clypeus yel-
low; labrum dorsally black, yellow beneath fringe of
setae; antennal scape, pedicel, and first flagellomere
yellow, remaining flagellomeres black; pronotum
medially golden yellow, posterior margin black,
pale yellow lateral margins with black border;
elytral suture and striae lined in black, black stripes
present on intervals II, IV, VI, and VIII at least
posteriorly, remainder of elytra yellow, elytral lat-
eral margin pale yellow with black border, elytral
apex including margin black; scutellar shield
anteromedially reddish orange, black laterally and

apically; protarsal claws red; venter overall light
yellowish orange, propleuron and epipleuron
paler yellow in color, ventral eye ocular region
black, abdominal tergites brownish orange.Head:
Vertex with well impressed reticulation composed
of round, irregular sculpticells, sparse, weakly
impressed, nearly imperceptible punctation present;
dorsal eye with thick, raised margin, eyes widely
dorsoventrally separated with well-developed in-
terorbital region; interorbital region with antennal
groove, setae present medially dorsad and ventrad to
groove; frons with similar reticulation and punc-
tation as vertex, frontolateral margin with well-
developed bead (Fig. 2A, B), lightly wrinkled;
frontoclypeal suture well developed, crescent-
shaped; clypeus with lightly impressed re-
ticulation composed of polygonal sculpticells, weak
punctation present, most evident at anterior margin,
punctures separated by ca. 2–3X diameter of single
puncture; clypealia elongate, extending well onto
posterolateral corners of labrum, setose; antennal
scape cup-shaped; pedicel triangular in shape; fla-
gellum with 9 flagellomeres (Fig. 3A), flag-
ellomeres II–IX with long, yellow setae on anterior
face, V–IX setose with smaller, finer setae, ultimate
flagellomere nearly entirely covered with setae (Fig.
3B); labrum strongly transverse, basally divided by
strong, transverse infolding (Fig. 1A), fold lined
with long, gold setae, dorsad of fold reticulation
composed of round, polygonal sculpticells, poste-
riorly with long, yellow setae present in recessed
punctures, ventrad of fold without reticulation or
punctation, ventral margin of labrum lined with
setae; maxilla with 2-segmented galea; lacinia narrow
and arcuate in form,with 2 patches of setae present on
medial surface; maxillary palp 4-segmented with
ultimate segment ca. 3X length of penultimate; labial
palp elongate and narrow, 3-segmented with ultimate
and penultimate palpomeres similar in length, both at
least 2X length of segment I, apical palpomere
weakly curved; palpigers fused medially, prementum
distinctly separated from mentum by membranous
area (Fig. 2C, D); mentum trilobate with lateral lobes
2X length of medial lobe, medial lobe margined
anteriorly (Fig. 2D); gula broad and trapezoidal, gular
suture present and well developed, reaching anterior
margin, narrow sulcus present medially. Thorax:
Pronotum with strong medial lobe extended onto
head capsule as far as posterior 1/3 of dorsal eye (Fig.
2B), medially weakly sinuate; pronotal disc with
reticulation composed of polygonal sculpticells, with
weakly impressed punctation separated by 0.67X
diameter of single puncture; transversly impressed
pronotal line briefly evident laterally before joining
anterior border (Fig. 2B); pronotal setose border
present laterally (Fig. 2B), width 0.67X diameter of
dorsal eye anteriorly, attenuated posteriorly; pronotal
lateral margin broad, explanate, setose; prosternum
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cushion-shaped with medial shallow depression (Fig.
4); notopleural and propleurosternal sutures present,
meeting anteriad at anterior border of pronotum,
forming very short notosternal suture; propleuron
with shallow depression for leg reception; forelegs
with protrochanter glabrous; profemur strongly
swollen basally, male profemur basally with 2–3
distinct denticles present; basal half of profemur with
series of long, fine setae along posterior margin of
ventral face; ventral face of profemur apically with
depression for reception of protibia; anterior face of
profemur with 4 setigerous punctures, short stout
setae in recessed pits also present basoposteriorly;
protibia narrow, sinuate; apical 1/2 of ventral face
setose, setation primarily composed of narrow, yellow
setae, longer setae 3X length of shorter abundant setae
fairly evenly spaced along setose region, apical
margin of ventral protibial face ringed with stout
setae; posterior face of protibia with additional line of
short, yellow setae, reduced protibial brush present;
medial protibial spur present (Fig. 5C, stb); apico-
lateral corner of protibial apexwith few peg-like setae
(Fig. 5c, lps); protarsus of male with posterior surface
covered with narrow, elongate, adhesive setae of
uniform type, adhesive setae fused into 5 plates (Fig.

5A); lateral and posterior margins of adhesive palette
with fringe of long, fine, yellow setae; posterior face
of female protarsus covered in yellow setae, anterior
face of protarsus of both sexes with protarsomeres
I–IV possessing setose patches at distomedial corner;
protarsomere V at least 2X size of IV, with small
setose patch distomedially; protarsal claws emerging
straight in female, at 90° angle in male; scutellar
shield transverse, short and triangular, visible with
elytra closed; elytron with 9 distinct serial striae (Fig.
9G); striae I–VI present as lineate grooves; stria VII
composed of faintly impressed punctures; stria VIII
present as punctures evident in humeral region,
remaining punctures highly reduced, almost imper-
ceptible; stria IX lineate, situated at lateral margin;
elytral sutural border present; lateral margin of elytra
setose, broad and strongly explanate, ending at elytral
apex; mesoventrite triangular and elongate, anteriorly
bordered with strongmedial projection; mesothoracic
discrimen well developed; laterally depressed along
with mesanepisternum for foreleg reception, de-
pression running nearly 1/2 mesoventrite length;
mesepimeron narrow and strap-like; middle legs with
elongate triangular mesocoxa running obliquely,
mesocoxal process with paramedial setose patch

Fig. 2. Heterogyrus milloti. A) Head capsule anterior view, scale bar 5 500 mm, B) Oblique view of anterior half
of body, C) Mentum and prementum, box indicates area shown in D, D) Prementum and medial lobe of mentum.
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basally; mesotrochanter short and trapezoidal; mes-
ofemur broad, dorsalmargin distallywith sparse, long
setae; mesotibia broad with distal lateral angle pro-
duced, margin with evenly spaced peg-like setae,
dorsal margin of posterior face with long natatory
setae, distal ventral corner of mesotibia with short
series of peg-like setae; 2 mesotibial spurs present,
posterior spur over twice as long as anterior spur;
mesotarsus elongate, narrow; mesotarsomere I in
form of isosceles triangle, proximal dorsal lobe
possessing small fringe of natatory setae; II–IV
narrow, trapezoidal; V quadrate, dorsally with fringe
of natatory setae; all mesotarsomeres ventrodistally
with stout spine-like setae; mesotarsal claws small,
not sexually dimorphic;metaventritemedially narrow
(Fig. 1B), diamond-shaped, metaventral discrimen
present with short transverse sulcus anteriorly (Fig.
9F), lateral wings of metaventrite in form of nearly
equilateral triangle, metanepisternum lobiform; hind
leg with metacoxae running obliquely (Fig. 1B);
metacoxal process with shallow punctures, very
weakly impressed transverse reticulation, setose
patches present paramedially; in lateral view, meta-
coxal cavity narrowed anteriorly, ventral margin with
distinct peg posteriorly (Fig. 11B); remainder of hind
leg similar in form tomiddle leg.Abdomen:Dorsally
abdominal tergites VI–VIII pigmented and setose,
VII and VIII densely covered with long setae; ab-
dominal sternites II 1 III (ventrite I) 2X size of
sternite IV, sternites IV–VII similar in size and form,
sternite VIII (ventrite VI) triangular, bifid apically in
females, trilobate in males (Fig. 6A, B). Genitalia:
Aedeagus with median lobe slightly shorter than
parameres, evenly narrowed towards apex, with

distinct subapical lateral expansion (Fig. 7); in dorsal
view, expansion with arcuate grooves (Fig. 7A); apex
acuminate, flatly rounded; in doesal view, median
lobewith 2 paramedial grooves; 1medial longitudinal
list evident; in ventral view, sperm groove narrow,
mostly parallel-sided, weakly expanded proximally
(Fig. 7C); in lateral view, apex dorsally curved (Fig.
7B); parameres in dorsal view weakly laterally ex-
panded in apical 1/3, apex obliquely truncate with
lateral angle distinct, long setae confined to apex,
medially weakly reflexed; in ventral view, basal piece
present as distinct sclerite, fused to parameres (Figs.
7C, 9C, D), basally with acuminate process directed
anteriorly. Female reproductive tract (Fig. 8) with
ovoid spermatheca atop 2 strongly sclerotized v-
shaped ridges; sclerotized v-shaped ridges poten-
tially associated with fertilization duct (Fig. 8A);

Fig. 4. Prosternum of Heterogyrus milloti, ventral
view, scale bar 5 200 mm.

Fig. 3. Antennae of Heterogyrus milloti and Spanglerogyrus albiventris. A) Antenna of H. milloti, box indicates
area shown in B, scale bar 5 300 mm, B) Antennal apex of H. milloti, s.b. 5 sensilla basiconicum type, s.c. 5
sensilla chaetica type, scale bar 5 50 mm, C) Most of antennal flagellum of S. albiventris, scale bar 5 100 mm.
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spermatheca subapically with elongate spermathecal
duct emergent dorsally, basally with sac-like sper-
mathecal gland also emergent dorsally anteriad to
strongly sclerotized dorsal fold (Fig. 8B); gonocoxae
stout, rectangular, setose (Fig. 8A); medial apodeme
present; lateral tergites relatively broad, weakly ex-
panded apically.
Sexual Dimorphism. There is sexual size di-

morphism with males normally larger than females.
The profemora are sexually dimorphic in form with
males having the profemur more swollen basally
and adorned with three distinct denticles. In fe-
males, there is slight indication of the denticles at the
base of the profemur, but they are clearly reduced,
only evident in the distal one, corresponding to the
most strongly produced denticle in the male. The
ultimate abdominal ventrite is strongly sexually
dimorphic. In females, abdominal sternite VIII is
apically bifid, whereas in males it is distinctly trilobate
(Fig. 6B). The trilobed nature of the male abdominal
sternite VIII is proposed to be an intermediate step in a
transitional series from the deeply divided abdominal
sternite VIII of males of Spanglerogyrus to the un-
divided sternite VIII of the Gyrininae (see Miller and
Bergsten 2012 for more details).
Distribution. This species is known only from a

few localities in the mountainous escarpment of
southeastern Madagascar, Upper Iantara River
valley (southeast of Andringitra massif), Pic
d’Ivohibe Special Reserve (S. R.), and Ranomafana
National Park (N. P.).
Habitat. The 2014 specimens were collected

in a narrow gully within montane rainforest

(Fig. 10 and Movie 1: www.youtube.com/watch?
v5oQAkdGNwhjQ). The gully was choked with
debris such as logs, broken branches, and boulders,
potentially the result of past flooding. The stream
itself was mostly a trickle forming pools and
retreating underground at points. Adjacent to the
larger pools, the rocks were wet and covered with
moss. The larger pools with greater numbers of
specimens were often no more than ca. 15 cm deep
with sandy bottoms and leaf packs. Individuals
could also be found in the dark recesses under
overhangs of rocks and logs. Steiner’s labels give a
similar description of the habitat, where in 1988
Heterogyrus was collected: “stream with mossy
rocks and sandy bottom, montane rainforest.”A few
specimens were collected in 2011 in a similar forest
stream crossing the road about 1.7 km southeast of
the first locality in Ranomafana N. P., right below
the road where the stream runs in a culvert. In
2013, a specimen was collected in a somewhat
different habitat in Pic d’Ivohibe S. R. This locality
consisted of a weakly trickling forest floor stream
with leaf-choked pools. A fewmore specimens were
found in another nearby stream with rocks and
pools. Both streams were found in near pristine
humid forest at a similar altitude to the ones in
Ranomafana (900–1,000 m).

Behavioral Experiments

In 12 of the 15 trials, specimens ofH. millotiwere
observed to orient themselves and jump in a
downstream direction (Movie 2: www.youtube.

Fig. 5. Heterogyrus milloti. A) Male protarsus, posterior view, box indicates area shown in B, scale bar 5
400 mm, B) Adhesive setae, showing fusion of individual adhesive setae into plate, C) Protibial apex, lps 5 peg-like
lateral setae, pts 5 protibial medial spur, stb 5 setose brush, scale bar 5 300 mm.

THE COLEOPTERISTS BULLETIN 71(2), 2017 321

http://www.youtube.com/watch?v=oQAkdGNwhjQ
http://www.youtube.com/watch?v=oQAkdGNwhjQ
http://www.youtube.com/watch?v=o9PUmU_ThO4


com/watch?v5o9PUmU_ThO4). Only in three
instances did specimens jump in a random, non-
downstream direction out of the arena. A Chi-
squared test (performed in the software R (R
Core Team 2016)) significantly rejected the null
hypothesis of random jumping (x25 5.4,P5 0.02).
Thus, indeed H. milloti performs targeted jumps,
in a downstream direction. In all trials in which
specimens moved at all, the beetles moved by
saltation. No specimens observed during any trials
on the natural substrate attempted to take flight or
ambulate away. Furthermore, no specimens of H.
milloti were observed to fly subsequent to being
removed from water, in any situation, while being
collected on 2 November 2014.
The slowed video footage of specimens in a white

collecting pan (Movie 3: www.youtube.com/watch?
v5qRqzBVdADd4) shows that preceding a jump,
H. milloti first raises the anterior half of its body to
about a 45° angle using its long forelegs. This
suggests propulsion for the jump likely comes from
the rear legs. Following a jump, specimens of H.
milloti were able to cling to the vertical wall of the
pan. From here, specimens were still able to jump
despite being positioned on the vertical wall.

DISCUSSION

Morphological Evidence for the Phylogenetic
Placement of Heterogyrus. There are several dis-
tinct symplesiomorphic featuresHeterogyrus shares
with Spanglerogyrus, which are lost in most or all
other Gyrininae. These are: 1) labrum transversely
divided by a line of setae (Fig. 2A); 2) setose an-
tennal flagellum (Fig. 3A); 3) prementum not fused
to mentum (Fig. 2D); 4) pronotum with a medial
lobe extended well onto the head capsule (Fig. 2B);
and 5) protibia with medial spur (Fig. 5C). Of these
traits, only the transversely divided labrum is still
evident in a few Gyrinini (e.g., Gyrinus minutus
Fabricius, 1798). The ultimate antennomere of some
Gyrinini also retain some setae, but never developed
to the extent in Spanglerogyrus or Heterogyrus.
Traits 3 and 5 strongly suggest placement of Het-
erogyrus outside of the Gyrininae.
Miller and Bergsten (2012) provided some ex-

amples of intermediate morphology exhibited by
Heterogyrus to support their preferred phylogenetic
placement ofHeterogyrus as sister to the Gyrininae.
These included the short transverse sulcus of the
metaventral discrimen (Fig. 9F) and the unique
trilobate apex of the male ultimate abdominal
ventrite (Fig. 6A, B). We here report on new con-
vincing intermediate morphology, again associated
with the male. The aedeagus of Heterogyrus has a
distinct sclerite associated with the parameres that
we propose to be homologous with the basal piece
(Fig. 9C, D). The position of the sclerite is similar to
that of the basal piece of Spanglerogyrus (Fig. 9A,

Fig. 7. Heterogyrus milloti, aedeagus. A) Dorsal
view, B) Lateral view, C) Ventral view. Scale bar 5
1 mm.

Fig. 6. Heterogyrus milloti. A) Male abdominal
sternite VIII, box indicates area shown in B, scale
bar 5 500 mm, B) Apex of male abdominal sternite VIII.
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B), and the structure of the sclerite includes a dis-
tinct anteriorly projecting process situated basally,
similar to the basal acumination of the basal piece of
Spanglerogyrus (Fig. 9B). Furthermore, interpret-
ing this sclerite as the basal piece explains the odd
anteriorly projecting basoventral process of the
parameres of the Gyrinini (Fig. 9E, bvp). This
transitional series reveals the fate of the basal piece
in the Gyrinidae: it became fused to the parameres
in the common ancestor of Heterogyrinae 1
Gyrininae, becoming indistinct from them in the
Gyrinini, and finally totally reduced to absent in
the Dineutini and Orectochilini. It should be
pointed out that older literature (reviewed by
Brinck 1955) previously claimed the aedeagus of
members of Gyrininae possesses a large basal
piece. Brinck (1955) examined the aedeagal
morphology of the Gyrininae to clarify the anat-
omy and terminology, concluding the basal piece
referred to by previous authors actually denotes the
modified abdominal sternite IX of males, which
forms a sheath surrounding the aedeagus when
un-extruded.

The mentum of Heterogyrus (Fig. 2C) also
forms a telling transitional series. In Spangler-
ogyrus, the mentum is composed of large lateral
lobes, without a medial projection, and the pre-
mentum is distinct from the mentum with palpigers
that are unfused medially (Beutel and Roughley
2005). In Heterogyrus, the palpigers have fused
medially (Fig. 2D), but the prementum remains
unfused to the mentum, as indicated by the presence
of a membrane surrounding its base (Fig. 2D). The
mentum of Heterogyrus also includes a distinct
medial lobe (Fig. 2C) extending anteriorly on to the
basomedial portion of the prementum that in the
Gyrininae has fused with the prementum to form a
solid plate. All together, these transitional series
provide strong support for the intermediate phylo-
genetic position ofHeterogyrus, beingmore derived
than Spanglerogyrus in key features, yet less de-
rived than the Gyrininae.

Heterogyrus also has features in common with all
three tribes of the Gyrininae, suggesting these two
lineages share a more recent common ancestor.
Similar to the Orectochilini, Heterogyrus has a
cushion-shaped prosternum (Fig. 4), without a
raised and well-developed medial process (seen in
Gyrinus Geoffroy, 1762 and Dineutus Macleay,
1825), as pointed out by Brinck (1955). Brinck
(1955) also suggested the male protarsi of Heter-
ogyrus are similar in form to the orectochilines. Like
the Gyrinini, the metacoxae of Heterogyrus run
obliquely (Fig. 1B), and the aedeagus still retains
evidence of the basal piece (Fig. 9C, E). Hetero-
gyrus shares the most traits with the Dineutini,
having triangular lateral wings of the metaventrite
and nine elytral striae (as indicated by Brinck 1955),
but also a lobiform metanepisternum (Fig. 1B).

The Unique Behavior, Morphology, and Hab-
itat of Heterogyrus. Saltation has been observed
before in few other groups of aquatic beetles.
Jumping is also known frommembers of the dytiscid
subfamily Laccophilinae and the genus Hydrotrupes
Sharp (Miller and Bergsten 2016). It has also been
noted in two other whirligig beetle genera, Gyretes
Brullé, 1835 and most interestingly Spanglerogyrus
(Folkerts 1979; Steiner and Anderson 1981). The
jumping of Gyretes is ‘shrimp-like’, being accom-
plished via ventral contraction of the abdomen,
using the last three abdominal segments as a lever
(Walls 1974; G. Gustafson, personal observation).
The manner in which Spanglerogyrus jumps is
unknown as their exceptionally small size (ca.
3 mm) makes observation extremely difficult.

The slowed video footage of Heterogyrus sug-
gests jumping is generated by the rear legs (see
Results section). While the exact mechanism behind
the jumping was not specifically tested, an in-
vestigation of the morphology of the metacoxae
revealed a peculiarity potentially associated with

Fig. 8. Heterogyrus milloti, female reproductive
tract. A) Ventral view, B) Lateral view. Scale bar 5
0.75 mm.
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jumping behavior. The metacoxal cavity of Heter-
ogyrus is considerably narrowed anteriorly and
possesses a distinct peg-like structure (Fig. 11B) on
its ventral margin, basal to this narrowing. These
features are absent in the mextacoxal cavities of
Spanglerogyrus (Fig. 11A),Gyrinus (Fig. 11C), and
Gyretes (Fig. 11D) as well as the mesocoxa of H.
milloti. Importantly, these metacoxal cavity features
are found in both sexes of H. milloti. The anteriorly
narrowed cavity and basal peg of the metacoxa may
serve as a friction hold for the metafemur to allowH.
milloti to jump more powerfully. The jump of click
beetles (Elateridae) is accomplished with an analo-
gous peg and friction hold mechanism (Evans 1972).
The jumping mechanism of H. milloti appears most
similar to that of laccophiline dytiscids, which
similarly have the peg for the friction hold situated on
their metacoxae (Miller and Bergsten 2016).
The behavioral experiment revealed that jumps

byH. milloti are targeted in a downstream direction.
How detection of the downstream direction is ac-
complished is unknown, but could potentially be

associated with the detection of abundance of water.
The antennae of H. milloti are very strongly setose,
with many types of sensilla evident in the antennal
apex (Fig. 3B), including three types of sensilla
chaetica and three types of sensilla basiconicum
(Merivee et al. 2000, 2001). Of these setae, the
sensilla chaetica type 3 (Fig. 3B, s.c.3) is particu-
larly interesting as it is uniquely shaped compared to
the sensilla known from other adephagans (Merivee
et al. 2000, 2001), being short and spatulate. Fur-
thermore, the presence of these sensilla on the an-
tennae ofH. milloti cannot be explained by common
ancestry with Spanglerogyrus alone, as the sensilla
ofH. milloti (Fig. 3B) are considerably more diverse
and of different form than those found in S. albi-
ventris (Fig. 3C). Given a variety of antennal sen-
silla serve as hygroreceptors in beetles (Altner and
Loftus 1985), including other adephagans (Merivee
et al. 2010), the increased sensilla on the antennae of
H. milloti may be associated with improved
hygroreception and detection of the downstream
direction.

Fig. 9. Morphology of Heterogyrus milloti, Spanglerogyrus albiventris, and Gyrinus amazonicus Ochs. A)
Aedeagus of S. albiventris, ventral view, box indicates area shown in B, B) Basal piece of S. albiventris, C) Aedeagus
of H. milloti, ventral view, box indicates area shown in D, D) Basal piece of H. milloti, E) Most of aedeagus of G.
amazonicus, ventral view, bvp 5 basoventral process, F) metaventrite of H. milloti, showing metaventral discrimen
with short transverse sulcus, G) Left elytron of H. milloti, scale bar 5 1 mm.
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Males of H. milloti have the protarsus modified
with a very unusual setose palette configuration
where the individual adhesive suction cup setae are
fused together into five distinct plates (Fig. 5A, B).
The function of this modification is unclear. In other
adephagan water beetles, particularly the dytiscines,
the adhesive setae have changed shape and size in
response to modification of the female elytron, as
part of a sexually selected ‘arms race’ (Miller 2003;
Bergsten and Miller 2007). Modification to the size
and shape of adhesive setae has been shown to alter
adhesive capabilities (Chen et al. 2014). Females of
H. milloti, however, do not exhibit sexually

dimorphic elytra like the dytiscines (Miller 2003;
Bergsten and Miller 2007), thus modification of the
male protarsal palette does not seem likely to be in
response to the female elytron. The video of H.
milloti jumping showed that specimens were able to
adhere to a vertical wall of a plastic container. This
modification may affect the adhesive abilities and
the observed behavior, but also the sexually selected
adhesive setae in dytiscines can be used for
climbing, for example, on the glass of an aquarium
(J. Bergsten, personal observation).

The habitat of H. milloti is quite unusual for a
whirligig beetle, and no other gyrinids were

Fig. 10. Habitat of Heterogyrus milloti. A) Forest stream 3.8 km SE of Vohiparara village, 21.2498°S,
47.4041°E, 1,080 m, Ranomafana National Park, Fianarantsoa, Madagascar, B) Forest stream approximately 8 km E
of Ivohibe village, 22.4755°S, 46.953°E, 1,010 m, Ampanasaha, Pic d’Ivohibe Special Reserve, Ihorombe, South of
Andringitra N.P. Fianarantsoa, Madagascar.

Fig. 11. Metacoxae of Gyrinidae, right lateral view showing metacoxal cavity, boxes indicate focal areas. A)
Spanglerogyrus albiventris, B) Heterogyrus milloti, arrow indicates peg, C) Gyrinus sp., D) Gyretes sp.
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observed to co-exist with H. milloti despite many
species found in a variety of habitats in the sur-
rounding area, both at higher and lower elevations,
during the 2014 expedition. The unique jumping
behavior and morphology of H. milloti may well be
adaptations to such a unique habitat. Given the small
trickling nature of the streams in which H. milloti is
collected, many of the smaller pools are likely to
become dry over the dry season. Under such a
scenario, H. milloti must frequently travel to other
pools of water. Based on our observations, jumping
appears to be the preferred form of locomotion when
removed from water. This may be more energy
efficient than flight and an easier way to move,
given these gully habitats are often tangled with
debris and overgrown in areas with vegetation.
Jumping downstream is likely advantageous for
locating larger pools of water within a trickling
stream, explaining the directed nature of the
jumping. Detecting larger deposits of water in these
small stream habitats may have resulted in selection
for the diverse sensilla exhibited on the antennae of
H. milloti, allowing for improved hygroreception
and the downstream movement behavior. The ad-
hesive setae of the male protarsus being fused into
pads may be an adaptation for improved adherence
to slick surfaces, like the wet rocks and logs sur-
rounding the larger pools that H. milloti frequents,
improving the ability to jump in these areas. One
may expect if the selective pressure for adhering to
slick surfaces is great enough to result in adaptive
protarsal setal pads in males, there should also be an
analogous adaption in the female protarsus. While
this does not appear to be the case, it couldmerely be
the result of constraints on the adaptability of the
female protarsus, with themale adhesive setae being
readily exaptable. The plasticity of male protarsal
adhesive setae in aquatic adephagans is quite evi-
dent given their diversity of form and distribution
patterns (Miller 2003), as is the adaptability of such
modifications (Chen et al. 2014) in support of this
scenario.
Conclusions. Heterogyrus milloti is an excep-

tionally unique gyrinid taxon, preserving inter-
mediate morphology forming several convincing
transitional series between the plesiomorphic fea-
tures of Spanglerogyrus and the derived condition in
the Gyrininae. Heterogyrus has been rarely col-
lected and is known only from a few localities
within a narrow region of one of the most threatened
biodiversity hotspots on the planet (Myers 2000;
Mittermeier et al. 2011). The loss of this monotypic
genus would mean losing a critical link for studying
the evolution of the Gyrinidae. Furthermore, the
unique habitat and its potential relation to the pe-
culiar behavior and morphology of H. milloti is
unlike that of any other gyrinid and worthy of
further investigations. The complete life history of

H. milloti remains unknown, but is of exceptional
interest, given the above considerations. These
prospective future studies will be rendered impos-
sible if we lose this taxon to extinction.
Known localities ofH.milloti in RanomafanaN. P.

are not under any current threat as this is one of the
flagship national parks of Madagascar and one of
the most visited by tourists. It was formed in 1991
following the discovery of the golden bamboo le-
mur (Hapalemur aureusMeier, Albignac, Peyriéras,
Rumpler, and Wright, 1987). However, the acces-
sibility makes non-authorized collecting a poten-
tial threat.
The localities in Pic d’Ivohibe S. R. were also

found in intact near pristine forest. This special
reserve was established in 1964 and is an extended
part of the Andringitra massif. The reserve is
managed through collaboration between Mada-
gascar National Parks, local people, and other
partners. There were no disturbance signs in 2013,
except at the entrance and the west edge of the
reserve. A trail used by locals runs through the
forest, who sometimes take zebu cattle with them.
This could affect nutrient levels in the streams, but
there were no serious signs of this.
The situation was quite different when visiting

Andringitra National Park in November 2013. The
type locality of H. milloti is not exact and may be
located inside or just outside the park’s southeastern
limit where the Iantara River runs. Only about 30%
of the park is covered by forests, and this is divided
into three forest ecozones: mid-altitude rainforest
(east part); montane highland forest; and high al-
titude vegetation in the west. However, these for-
ested areas of the park are threatened by human
activities. Much of the humid lowland forests sur-
rounding the park have been cleared for farming
methods, such as rice paddy cultivation and slash-
and-burn agriculture. During our visit in 2013 to the
northern part of the park, there were signs of fire
around camps 2 and 3. In addition, particularly at
circuit Imaitso (located at, and part of, the eastern
mid-altitude humid forest), local people also use the
forest as a refuge for their zebu cattle, for fear of
zebu robbers. We noticed many tracks and zebu
defecation during our visit. This situation results in
high levels of disturbance and increased nutrient
load to the aquatic ecosystems inside the forest. We
have seen the effect of this in many places across
Madagascar, and it results in many endemic aquatic
insect species being replaced by widespread, non-
endemic African fauna elements. Despite the
presence of seemingly good forest streams (e.g.,
along circuit Imaitso) and ponds in the forest of
Andringitra, the aquatic coleopteran fauna was
somewhat disappointing. We did not find H. milloti
here, neither in 2006 nor in 2013. The use of forests
as a hiding place for zebus from cattle robbers might
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have been beneficial for the preservation of forest
fragments in some regions of Madagascar as it
served as a useful resource and therefore was not cut
or burned. But from the point of view of
maintaining a native endemic fauna in the streams
and pools, zebu presence is not advantageous.
Finally, even in protected areas the conservation

of invertebrate species requires specific consider-
ations of the species of interest, as ‘trickle-down’
conservation is insufficient (Clark and May 2002;
Jenkins et al. 2013). Concerted efforts for the
specific conservation of H. milloti should be made,
and it may even serve well as a flagship species for
freshwater conservation on Madagascar. To aid in
this, we propose the following common names for
H. milloti, intended to awake interest in this species.
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