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Filter-feeding habits of the larvae of Anthopotamus (Ephemeroptera :
Potamanthidae)
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A field and laboratory investigation of the food and feeding behavior of larvae of the potamanthid mayfly Antkopo-
tamus verticis (Say) was conducted from 1989 to 1991 on a population from the Tippecanoe River, Indiana (USA). Gut
content analyses indicated that all size classes of larvae are detritivores, with over 95 % of food consisting of fine detrital
particles. Videomacroscopy indicated that all size classes of larvae are filter feeders, able to utilize both active deposit
filter feeding and passive seston filter feeding cycles in their interstitial microhabitat. Deposit filter feeding initially incor-
porates the removal of loosely deposited detritus with the forelegs. Seston filter feeding initially incorporates filtering
by long setae on the forelegs and palps. Mandibular tusks are used to help remove detritus from the foreleg setae. A
SEM examination of filtering setae indicated they are hairlike and bipectinate, being equipped with lateral rows of setu-
les. The results show that previous assumptions that potamanthid larvae were collector/gatherers are erroneous. The
results are applicable to congeners, and all potamanthids, including Palearctic and Oriental elements, are hypothesized
to be filter feeders, differing only in some details of behavior.

Le régime trophique de type filtreur des larves d’Anthopotamus (Ephemeroptera : Potamanthidae)

Mots clés : Ephemeroptera, Potamanthidae, Anthopotamus, type trophique filtreur, comportement, morphologie, débris
particulaires.

Une investigation sur le régime alimentaire et le comportement trophique des larves de ’Ephémeére Potamanthidae
Anthopotamus verticis (Say) a été menée a la fois sur le terrain et expérimentalement au laboratoire de 1989 a 1991,
sur une population de la riviére Tippecanoe, Indiana (USA). L’analyse des contenus stomacaux a révélé que les larves
de toutes les classes de taille sont détritivores et que 95 % de la nourriture ingérée est composée de fins débris particulai-
res. Une étude vidéo en macroscopie 2 montré qu'a toute classe de taille, les larves appartiennent au type trophique
filtreur et qu’elles sont susceptibles de mettre en ceuvre, dans leur microhabitat intersticiel, a la fois un mécanisme actif
de filtration des dépdts et un cycle passif de filtration du seston (particules en suspension). La filtration trophique des
dépdts débute par le balayage et le brassage des sédiments non compacts — ainsi remis en suspension — avec les pattes
antérieures. La filtration du seston commence, elle, par la rétention des particules au niveau des longues soies des pattes
antérieures et des palpes. Ensuite, le raclement de ces pattes sur la région antérieure trés proéminente des mandibules
contribue au retrait des particules filtrées par les soies. L’examen de ces soies filtrantes au microscope électronique a
balayage montre qu’elles sont longues, fines et bipectinées (deux longues rangées de sétules latérales). Nos observations
prouvent que I’hypothése antérieure selon laquelle les larves de Potamanthidae seraient du type « collector/gatherer »
est erronée. Ces résultats sont généralisables a toutes les espéces d’Anthopotamus. Toutes les espéces de Potamanthidae,
y compris les représentants paléarctiques et orientaux, appartiennent méme probablement au type trophique filtreur,
avec tout au plus quelques différences de comportement.

1. Introduction the burrowing mayflies. The interfamilial relation-
ships of this family were recently treated by McCaf-
ferty (1991), who showed the family to represent a
sister lineage to the larger and more widespread
family Ephemeridae. Relationships within the Pota-
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The mayfly genus Anthopotamus typifies the
Potamanthidae, a Holarctic and Oriental family
belonging to the superfamily Ephemeroidea, or
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Anthopotamus to represent a sister lineage to the
Old World genus Potamanthus.

A moderately erosional/mixed substrate habitat
in medium sized to large, shallow rivers applies to
all potamanthid larvae (McCafferty 1975, Munn &
King 1987, Watanabe 1988, Bae et al. 1990, Bae &
McCafferty, unpublished, A.G.B. Thomas, perso-
nal communication). The microhabitat of Antho-
potamus, the only North American genus of the
Potamanthidae, was studied in detail by Bae and
McCafferty (in manuscript). Anthopotamus larvae
do not form walled, in-substrate burrows as larvae
of most other Ephemeroidea (i.¢., Ephemeridae and
certain Polymitarcyidae) ; however, they do live
interstitially amongst gravel and pebble-size subs-
trate, or mixed substrates grading from sand to cob-
ble. 1t is highly likely that the microhabitat of the
other genera of Potamanthidae will prove to be simi-
lar to that of Anthopotamus (Bae & McCafferty
1991, in manuscript). Other aspects of the ecology
of Potamanthidae are poorly known and based on
rough field observations or more-or-less anecdotal
information (Morgan 1913, Argo 1927, Berner 1959,
McCafferty 1975, Bartholomae & Meier 1977, Cum-
mins et al. 1984).

Potamanthid larvac have generally been conside-
red to be detritivore collector/gatherers in terms of
their functional feeding group or guild classification.
Such a classification was given by Cummins et al.
(1984) and Munn & King (1987), although Meier and
Bartholomae (1980) suggested that they were
periphyton grazers. Originally, Needham (1920) sug-
gested the possibility that they were filter feeders
because of the presence of rows of setae on the fore-
legs. Preliminary videomacroscopic observations of
live larvae made by McCafferty (unpublished) in the
mid 1980’s did indeed suggest that the larvae were
filter feeders. We therefore undertook a field and
laboratory study to determine both the food
resource being accessed by these mayflies as well as
their mode of feeding behavior.

2. Methods

This study was, for the most part, fashioned after
the recent studies on feeding behavior and functio-
nal morphology of aquatic macroinvertebrates by
McShaffrey and McCafferty (1986, 1988, 1990).

Larvae of Anthopotamus verticis (Say) were
recruited in June, 1989-1990, from the Tippecanoe
River (White County, Indiana), a sixth order stream
in the upper Wabash River drainage system. The
river at our study site was approximately 50 m wide
with water depth up to approximately 0.5 m. Diel
maximum water temperature in June ranged from
22 to 28°. PH was 8.0-8.6. Substrate ranged from
sand to large rocks, and current was 0.1-0.8 m/s.

Early, middle, and late instar larvae (ranging from
1.5-15.7 mm length, excluding caudal filaments)
were sampled. Individuals were sorted to three size
classes (< 5.1 mm, 5.2-10.0 mm, and > 10.0 mm)
and held in aerated laboratory aquaria supplied with
natural stream water at field temperature and with
substrate taken from the field site (including asso-
ctated microfauna and detritus).

We analyzed the gut contents of 10 freshly sam-
pled individuals (as well as 10 individuals held in the
laboratory for at least two weeks) from each size
class during each summer. The procedures for these
analyses were based on Cummins (1973).

Videomacroscopic analyses of feeding behavior
were conducted by examining 10 individuals of each
size class in 1989. General behavior and orientation
was recorded in an artificial stream with a tripod-
mounted, 8 mm color video camera. Detailed
motion analysis of individual larvae placed in tank
cells was performed using a low-light surveillance
camera fitted with close-up lenses. The design and
operation of the observation cell, particularly in
terms of water flow and detrital movement and sett-
ling, was described in detail by McShaffrey and
McCafferty (1988) in their report on Rhithrogena.
Camera systems, including lighting conditions, were
those described in detail by McShaffrey and McCaf-
ferty (1990, 1991) (see also McShaffrey and McCaf-
ferty (1986, 1988). The description and operation
of the observational theater and VCR components
used were described by Keltner and McCafferty
(1986). The artificial stream was that used and des-
cribed by McShaffrey and McCafferty (1990).

Scanning electron micrographs of mouthpart and
leg ultrastructure associated with feeding were taken
with a JEOL JSM-840 scanning microscope.

3. Results

The gut contents of all size classes of both freshly
collected and laboratory-held A. verticis larvae
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consisted almost entirely of fine detritus (> 95 %
FPOM!). The remainder of the gut content consis-
ted of diatoms, but never more than 5 % of the
contents of any individual examined.

Observations of the habitat orientation of 4. ver-
ticis larvae indicated that they preferred coarse-
gravel and small-pebble substrates but often resided
on the underside crevices of rocks imbedded in these
mixed substrates. No favored directional orientation
of the larvae was observed. Gill pulsation within
interstices created an anterior to posterior microcur-
rent over the longitudinal plane of the bodies of the
larvae.

Close-up videomacroscopy revealed that feeding
usually was associated with the removal of fine detri-
tus loosely deposited on substrate in the immediate
anterior and anterolateral vicinity of the larvae. As
the midlegs and hindlegs anchored the larvae, depo-
sited detritus was removed by an arcing and swee-
ping motion of the forelegs. Essentially, the fore-
legs would straighten outward laterally and then the
foretibiae and foretarsi were adducted together hori-
zontally to in front of the head either anterior, dor-
sal, or ventral to the mandibular tusks. In this way
the ventral setal field of the forelegs (Fig. 1 and 2)
moved across substrate, displacing non accreted fine
particulate matter. By sweeping in this fashion, the
forelegs would stir up and suspend fine particles as
well as actively filter suspended particles, including
those being stirred up from deposits.

Also in this initial phase of feeding behavior, the
head was lifted intermittently. In this fashion, the
anteriorly projecting mandibular tusks (Fig. 1 and
2), and to some extent the dorsum of the head, exca-
vated small substrate and further stirred up detri-
tus. The mandibular tusks additionally functioned
in the removal, or cleaning, of detritus from the setal
field of the foretibiae and foretarsi. This was accom-
plished by alternately bringing the forefemora to an
almost anteriorly directed position while the foreti-
biae and foretarsi were slightly bent inward. The
foretibia and foretarsi were then bent to 90° or more
to bring them to a position dorsal to the tusks, and
the forefemora were then abducted so that the fore-
tibiae and foretarsi were pulled across the tusks dor-
sally. This cleaning motion removed detritus that
had been filtered and swept up by the forelegs. Such

1. Fine particulate organic matter.,

detritus was then momentarily suspended in front
and at the sides of the head within reach of the palps.

Frequency of the sweeping and cleaning move-
ments of the forelegs was highly variable. As water
lacking fine particulate matter was pumped through
the observation cell, foreleg activity was more-or-
less continuous.

One foreleg often repeated sweepings several times
while the opposite leg gripped substrate. Sometimes
right and left legs would alternately be used to sweep
and clean, but with no consistent pattern. Forelegs
would sweep on an average of three times per second
when larvae were actively feeding. No consistent dif-
ferences in any of this behavior was evident among
the different size classes of larvae observed.

Besides this active, deposit filtering behavior, lar-
vae of all size classes would commonly passively fil-
ter seston that had not been actively removed from
the substrate. This was accomplished by the setal
fields of both the forelegs (holding the forelegs
somewhat outspread) and the palps (Fig. 2 and 3)
passively catching seston in the current moving from
anterior to posterior over the body. Foreleg move-
ment across the tusks was also part of the passive,
seston filtering behavior. Passive filtering was aided
by the microcurrent generated by gill pulsation. Gills
pulsated approximately nine times per second during
ventilation. Ventilation was not always correlated
with passive filter feeding, since it would also occur
during non feeding periods or active filtering
periods. Although both active and passive filtering
were utilized by individuals, when fine detritus was
continuously flushed through the observation cell,
passive filtering was used exclusively.

Once detrital particles were suspended in the
immediate vicinity of the head, either having been
stirred up from deposits or being incumbent in the
seston, the maxillary and labial palps synchronously
and stereotypically filtered this material. This was
accomplished by abduction and adduction of the ter-
minal segments of the maxillary and labial palps,
which would occur both alternatively and simulta-
neously. Fully abducted, the angle between the basal
and terminal segments was 150° ; when adducted
(the sweep motion), the angle was closed to approxi-
mately 50°. Approximately 4-12 palpal sweeps per
second were performed, and this episode was usually
followed by several seconds of rest. The relative acti-
vity of this palpal movement varied somewhat
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Fig. 1. Dorsal view of Anthopotamus verticis larva (17 mm, including tails).
Fig. 1. Larve d’Anthopotamus verticis en vue dorsale (longueur : 17 mm, cerques compris).

(O]



) FILTER-FEEDING HABITS OF THE LARVAE OF ANTHOPOTAMUS 31

Fig. 2 to 4, Structures of Anthopotamus verticis larva. 2 : lateral view of head and thorax, bar = 100 zm. 3 : ventral view of mouth-
parts, bar = 100 ym. 4 : claw and apical setae of foreleg, bar = 10 ym.

Fig. 2a 4. larvaires d’Anth verticis. 2 : 1éte et thorax en vue latérale, échelle : 100 ym. 3 : piéces buccales en vue
ventrale, échelle : 100 um. 4 : griffe et soies apicales d’une patte antérieure, échelle 10 ym.
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depending on the detrital load in the water and the
flow rate. With a large load of suspended detritus
and flow, the palps were more passive in filtering.

The palpal sweep events described above were
intermittently followed by the transfer of filtered
particles to the pre-oral cavity. This was accomplis-
hed by detritus being combed out of the apical setae
by pulling them through the denticles of the man-
dibles. This processing and eventual ingestion was
similar to that described in detail for Stenacron
interpuncratum by McShaffrey and McCafferty
(1986). The movement of each labial palp during
transfer was repeated seven to 10 times per second.

The filtering apparatus of the forelegs consists of
three rows of well-developed hairlike setae, best
developed on the foretibiae (Fig. 1 and 2) (also see
Bae & McCafferty 1991, Fig. 71). These hairlike
setae are bipectinate in that they each possess two
rows of well-developed setules along the length of
their shafts (Fig. 4). Filtering apparatus of palps
consists of dense covering of hairlike setae on the
terminal segments (Fig. 3) (see also Bae & McCaf-
ferty 1991, Fig. 45). These palpal setae also possess
well-developed bipectinate setules on their shafts (see
Bae & McCafferty 1991, Fig. 56).

4. Discussion

The results from our gut content analysis subs-
tantiate former reports that potamanthid mayflies
are detritivores (Cummins et al. 1984, Munn & King
1987). The presence of a very small percentage of
diatoms in the gut would appear to be incidental,
and may be attributable to phytoplankton entering
subterranean interstices. The interstitial microhabi-
tat of potamanthid larvae (Bae and McCafferty, in
manuscript) may be correlated with this detritivo-
rous habit. Schwoerbel (1961) found a strong direct
relationship between subterranean interstices, which
tend to entrap particulate organic matter, and the
presence of lotic detritivores.

Qur feeding behavior data confirm Needham’s
(1920) assumption and the first author’s preliminary
observations that potamanthid mayflies are filter
feeders (notwithstanding the fact that Needham had
misidentified A. verticis as Polymitarcys albus). Our
behavioral observations clearly show that A. verti-
cis is a filter feeder [in part via deposit filtering sensu

McShaffrey & McCafferty (1988)] rather than a col-
lector/gatherer as assumed by Cummins et al. (1984)
and Munn & King (1987).

Anthopotamus larvae differ from strictly passive
filter feeding mayflies such as larvae of Isonychia
(Isonychiidae) (see Wallace & O’Hop 1979), which
filter in the open stream current. Anthopotamus lar-
vae, to a large degree, actively filter fine particulate
organic matter (FPOM) that has been deposited
amongst the substrate. They are, however, in part
similar to certain passive filterers, such as larvae of
Pentagenia (Ephemeridae) (Keltner & McCafferty
1986). The latter generate a microcurrent from
which they are able to filter seston while burrowed
in the substrate. Thus, Anthopotamus larvae are
both deposit filterers and seston filterers, in the clas-
sification scheme of McShaffrey & McCafferty
(1988).

Anthopotamus larvae clearly differ from macro-
benthic scrapers, e.g., larvae of Rhithrogena (Hep-
tageniidae) (see McShaffrey & McCafferty 1988) or
collectors, e.g., larvae of Stenacron (Heptageniidae)
(see McShaffrey & McCafferty 1986). Anthopota-
mus larvae lack specially armored maxillary and
labial palps associated with scraping or collecting
and do not demonstrate any concomitant scraping
or collecting behavior. However, as pointed out by
McShaffrey & McCafferty (1988), deposit filterers
are often similar functionally, morphologically, and
behaviorally to collectors of the brusher subcate-
gory. This is demonstrated somewhat by
Anthopotamus.

The morphology of Anthopotamus forelegs and
mouthparts (Fig. 1-4), particularly the ultrastructure
of the setation with regard to development of bipec-
tinate hairlike setae (Fig. 4}, is strongly associated
with the filtering function (see also Bae & McCaf-
ferty 1991, Fig. 41-69). Such functional morpholo-
gical correlations in aquatic arthropods have been
variously discussed by Froehlich (1964), Farmer
(1974), Soldan (1979), Strenger {1979), Wallace &
Merritt (1980), Zimmerman & Wissing (1980), Brai-
mah (1987 a and b), and McShaffrey & McCafferty
(1988), among others. The results of this study and
those of others detailing functional morphology sug-
gest that certain behavior related to feeding can be
predicted from the ultramorphology of feeding
structures of benthic macroinvertebrates.
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Our study also suggests, as have the studies of
other mayflies by McShaffrey & McCafferty (1986,
1988, 1990) and C.G. Palmer (personal communi-
cation), that this type of investigation is prerequi-
site to fully documenting the feeding repertoire of
benthic macroinvertebrates and hence a more com-
prehensive functional feeding group classification
for use in freshwater ecology. Previously unknown
plasticity as well as specificity of feeding habits are
being discovered that are difficult to accommodate
in the Cummins & Klug (1979) functional feeding
group (FFQ) system, which is so widely used by eco-
logists. Perhaps, some alternative classification
system, as discussed by McShaffrey & McCafferty
(1988) for microvores, will be necessary as analyses
of aquatic community structure become more
sophisticated.

Because A. verticis larvae are virtually identical
morphologically with congeners, and because those
congeners are known from similar habitats, our
observations of filter-feeding behavior are likely
applicable to all Anthopotamus species. Further-
more, we assume from examining the Old World
genera Potamanthus and Rhoenanthus, which make
up the remainder of the Potamanthidae, that they
also are filter feeders. However, because the filte-
ring setae on the forelegs and mouthparts of Antho-
potamus are the most extensively developed among
the genera (see Bae & McCafferty 1991), it is possi-
ble that subtle differences in feeding behavior or
functional morphology exist in the family, and that
Anthopotamus larvae are the most highly evolved
in terms of filter feeding. In addition, since the man-
dibular tusks are not well developed anteriorly in
the genus Potamanthus, they are not necessarily
expected to play a functional part in helping to clean
foreleg filtering hairs as is the case in Anthopota-
mus and probably Rhoenanthus. Behavioral studies
of feeding in Potamanthus and Rhoenanthus will
be necessary to determine any possible correlations
between the differences in setal densities and distri-
bution exhibited by these genera (see Bae and
McCafferty 1991) and the mode and efficiency of
filter feeding.
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