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ABSTRACT

The purpose of this study was to review the morphelogical and generdl activity
bases of mantle flapping in the Nerth American unionid subfamily Yampsilinae
and to explore experimentally some factors that may aceount for this striking
activity: flapping mussels resemble small swimming fish. Movrphological studies
(chiefly on preserved material of Lampsilis ventvicosa and L. fasciola), oc-
casional field studies (in several counties in northwest Arkansas), and prolonged
aquarium studies on living L. ventricose, L. siliguoidea and L. brevicula bvittsi
were carried out from 1962 to 1965. It was found that the mantle flaps which
are an extension of the inner lobe of the mantle edge just anteroventrad to the
branchial siphon, are a permanent feature of the mature female. Among the
flaps of these 3 species, there exist structural similarities (presence of eyespot,
ingervation by branches of pallial nerves from the visceral ganglion) ag well as
differences in shape and pigmentation.

Flap movements are initiated by paired pulges which produce contractions
starting at. the tail base and move toward the eyespot ends of the flaps. A ve-
covery phase follows, in which the flaps assume their former position, with the
tails floating horizontally.

Flapping behavior also involves the coordinated Function of foot, marsupia,
valves and giphons to such an extent that the supposed normal spatial relation-
ships between body and shell are much altered. For different species flapping
involves different behavioral complexes as well as different relevant stimuli (in

particular light intensity for Lampsilis ventricosa and water waves and jarring
of substrate for L. siliguoidea).

Flaps occur only in mature female specimens, although juveniles and males
have flap rudiments, and flap movements have heen seen only in gravid, never
in non-gravid females. Flapping occurs in prolonged periodical spells throtigh-
out the summer months and has been seen to accompany the gradual emptying of
the ovisacs, and the shedding of conglutinates. Flapping has not been ohserved
alter spawning of glochidia.

Two earlier hypotheses concerning the function of flap movements in the
lLampsilinae, i.e., the roles of the moving flaps as “lures” for host fish to the
mussels’ glochidia, and as aerators for the gills and marsupia, seem now to be
only partly plausibie. Because of the differences in aspect, in speed of flapping
and in responsiveness to environmental stimuli amoeng the different species, it
is here suggested that these differences are possible adaptations to habits of
peculiar host species of fishes. The bellows-like movement created by the
paired pulses of all flap movements, regardless of species or of flapping
frequency, might help the glochidia to remain guspended in the water for a
period of time, and thus facilitate the vitally necessary contact with a host fish.

(225)

1Ada}:);:(-":d from a dissertation submitted in partial fulfilment of the requirements for the degree
of Doctor of Philosophy at the University of Michigan.
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INTRODUCTION

Only a few genera of freshwater
mussels, all in the American subfamily
Lampsilinae? within the large and world—
wide family Unionidae, areknown to poS-
sess mantle flaps. These flaps (F) are
appendages of the mantle, that are lo-
cated anterovenirad to the branchial
siphon (BS, Fig. 1). During late spring
and through the summer months, female
animals possessing such well-developed
flaps may upend themselves in the sub-
strate, Their mantle flaps are then
extended (Fig. 2} and moved in a series
of rhythmic pulsations. To the human

obgerver they strongly suggest a small
fish, complete with pigmented eyespots,
stationary in the current and waving its
flanks and tail,

Ortmann (1811) was the firstto record
observations of flap movements which he
had seen best in Lampsilis ventricosa
and L, multivadiata (L. fasciola). Studies
on the natural history of freshwater
mussels undertaken early in the century
{e.g., Wilson & Clark, 1912; Coker ot al,,
1921) contain oceasional references to
lampsilid flap movements. Taxonomic
treatments of the Unionidae {e.g.,

The Lampsilinae are the only unionid subfamily entirely confined to North and Central America.

FIG. 1. Lampsilis ventricosa (Barnes).

side. Left vaive and most of léft mantle removed.
Sharon Hollow, Washtenaw Co., Michigan, 1963. (

1 CM

Drawing of preserved specimen, seen from the left

Specimen collected from River Ralsin, ahove
For abbreviations, see P 228).
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FIG. 2. Lampsilis venlricosa (Barnes) in typical “headstand” position (rotated by 90%) during
flapping behavior, drawn from the left side. Specimen collected from War Eagle Creek, Benton
County, Arkansas, June 14, 1964. (For abbreviations, see p 228).

Scammon,  1906; Ortmann, 1911; lated that the unique lampsilid flaps and
Simpson, 1914; Walker, 1918) provide flap movements may be involved infish-
brief descriptions of the flaps’ ap- host relationships. Welsh (1933) carried

pearance. out a brief experimental study of the
Some authors (Ortmann, 1911; Howard mantle flaps with Lampsilis nasuta

& Anson, 1922; Welsh, 1833) have specu- (Ligumia nasute) in which he discovered
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LIST OF ABBREVIATIONS

AA  anterior adductor muscle

AL “anterior” or evespot end of flap

AS  part of mantle modified as anal siphon

B base of flap

BS  part of mantle modified as branchial
siphon

BT basal teantacle

CG  conglutinates

DEF distal edge of flap

DM distal edge of marsupium

E eyespoi

ERF edge of right flap

ESH edge of shell

ET empty tube

3 mantle flap

FT foot

G glochidia

H hinge region

BH inner shell layer

G inner giil

L ligament

LBS location of branchial siphon

L¥ left mantle flap

LM left marsupium

LP  labial palp

LT left mantle flap’s “tail”

LV  left valve

a correlation between frequency of flap
movements and decreasing light in-
tensity. Lack of sufficient live material
prevented Welsh from conducting further
experiments.

The foregoing constitutes the slender
bulk of work which has been published
to date on lampsilid mantle flaps. The
precise nature of the flap movements,
their possible role in the mussel’s life
history, and in the distribution and
speciation of the Lampsilinae, were un-
explored. A feeling of some urgency
accompanied the present study, because
freshwater mussel populations are
vanishing at an alarming rate in the U.8.
(M. & A. van der Schalie, 1950). Living
Lampsilinae are increasingly difficult
to find, and may be unchtainable for such
studies a decade hence.

It is the purpose of this communica-
tion (1) fo describe flap movements of
Lampsilis venirvicosa (Barnes), as well

M marsupivm (modified posterior portion
of outer gill)

MA  mantle

0OSH outer shell layer

OV ovisac (water tube) of exposed marsupi-
wm

P line of pigment on inner surface of
mantie flap

PA  posterior adductor muscle

PE periostracum

PG pedal gape

PO pore

P8 pigment spot

RE region which corresponds with location
of eyvespot on cuter surface of right
mantie flap

RF  right mantle flap

BRM right marsupium

RT  right mantle flap’s “tail”

RV right valve

SAS supra-anal-siphon

8G  secretory groove

SP  giphonal partition

T “tail” of mantle flap

TE tentacle

u umnbo

ag the species’ characteristic “flapping
behavior” complex (which is ostensively
related to its general behavior invenw
tory; {2) to summarize results of experi-
mental studies of possibly relevant
stimuli to flapping behavior in L. ventyi~
cosa; (3) to report comparative studies
of L. siliquoidea (Barnes) and L. brevi-
cula britisi (Call), which reveal striking
differences from L. ventvicosa in flap
morphology, in flapping behavior, and in
gtimuli relevant to that behavior; (4) to
present evidence in support of certain
counclusions which I have reached re-
garding the role of flapping behavior in
the life history of these species; and (5)
to suggest further hypotheses.

BACKGROUND

1. Taxzonomic positionof the Lampsilinae

Mantle flaps and flap movements are
peculiar to the Lampsilinae, a subfamily
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that has long been considered to contain
the most advanced forms. As Walker
(1917: 10) pointed out, the evolution of
the Unionidae “has all been centered
around the adaptation of the gills of the
female for the care of the eggs until
they arehatched.” Evidence for Walker's
generalization is patent in the dis-
tinguishing characteristics of the 3 sub-
families of the TUnionidae: (1) the
Unioninage are short-term breeders in
which water tubes of all 4 gills serve as
containers or ovisacs for glochidia; (2)
the Anodentinae are long-term breeders
in which only modified midsections of the
water tubes of the ouler gills serve as
ovisacs (Ortmann, 1811); and (3) the
Lampsilinae are long-term breeders in
which only the posterior portion of each
outer gill serves as a marsupium, the
ventral borders of the latter extending
below the distal edge of the inner gills,
and often having a “beaded” appearance.
Water tubes which become ovisacsinthe
IL.ampsilinae remain undivided, the whole
fube serving as ovisac.

Orimann
Lampsilinae were the most highly
evolved of the unionid subfamilies, not
only because of the restriction of the
marsupium to part of each outer gill,
but also because of the prominent ex-
pression of sexual dimorphism in the
shell, and the characteristic presenceof
special structures just in front of the
branchial siphon: (1} the distinct, often
large, conical papillae {or tentacles)
found in Ligumia and Villosa: {TE, Fig.
3) and (2) a lamellar keel or ribbonlike
flap (the mantle flaps mentioned above),
better developed in the female than in
the male.

2. Mantle movements in other bivalves

Though mantle flap movements have
been seen only
generalized rhythmic movements of the
mantle, independent of shell movements,
occur in other bivalves. Redfield (1917:
233) investigated rhythmic mantle move-
ments in at least ¢ different species of
lamellibranchs, and observedthat inMya
avenaria, for example, a wave of con-

{1911) believed that the

in the Lampsilinae,.

FIG. 3,
left mantle edge, showing tentacies of unknown
function anterior to branchial siphon (drawn

Villosa (Larnpsilinae); posterior

from fresh specimen). 2, middle or second
fold of mantle edge; 3, inner or third fold of
mantle edge. Scale = iocm.

traction is seen to start at the distal
end of the extended siphon, and to “move
forward ending with the rise and fall of
the mantle,” about once a minute, ina
freshly collected specimen. Pelseneer
(1935) and Franc (1860) contended that
such mantle movements favor circula-
tion of water in the pallial cavity.

3. Modified mantle structures in other
bivalves

Though mantle flaps per se are pe-
culiar to the Lampsilinae, modified
mantle structures are known in other
hivalves, and include: eyeswhichrimthe
mantle of pectinid species and stud the
gsiphonal tentacles of Cardiwm; a crown
of tactile papillae around the branchial
siphon (Tapes, Covbula, Povomya); and
tactile papillae edging mantle borders
{Solenomya, Lepton, Peclen). Amongthe
Unionidae, in the Lampsilinae, there
occur modified mantle structures of un-
known function near the branchial siphon,
such as “caruncles” or fleshy protuber-
ances {Carunculina), and consgpicuous
tentacles andpapillae (Ligumia, Villosa).
4. Factors which affect spawning in

other hivalves

in the present study, the possible re-
lationship of flaps, and flap movements
of the Lampsilinae, to spawning of
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glochidia will be considered, For fresh-
water mussels as awhole, direct experi-
mental evidence of factors which affect
spawning is slight, though some efforts
have been made to study them (Utter-
back, 1931). For marine bivalves,
especially for several commercially
valuable species, a number of factors
have been implicated (Table 1). :

5. Review of general neuroanatomy and
gensory structures of Lampsilis

Since the present paper deals with a
form of bivalve behavior, and since “...
an organism’s behavior is anexpression
principally of the capabilities of its
nervous system” (Dethier & Stellar,
1964: 3); there follows a brief review

TABLE 1. Factors implicated in spawning* in some marine bivalves

Presumed spawning factor

Species

Investigator

Condition (“ripeness” of bivalve
prior to spawning)

Spawning movements {shell)

Temperature {above 27° ¢, spawning

appears to be inhibited)

Lunar periodicity {uncertain whether
light or water pressure is critical
factor}

Sex of bivalve (differences in latent

period between stimulus and spawn-
ing: < are generally more respon-

give to stimulus than )

Sperm ceils in surrounding water

Diantlin {an active principle in sperm

cells of some bivalves)

Thyroxin, theelin (injections
foliowed by emission of sperm)

Exiracts of Ulva, a green alga,
induces ghedding of sperm

Neurosecretions (as suggested by
effects of extirpation of cerebro-
pleural and visceral ganglia)

Mechanical stimulation (seraping
and pulling of byssus; water
turbulence)

Repeated stimuli (no response to
1st application of stimulus but to
later ones)

Mytilus californicus

Cstyrea ()

Ostrea edulis
Crassostrea vivginica

Ostrea edulis (2)

Ostrea

Gyyphea (= Crassostrea)
vivginica

Mytilus californianus

Ostrea (Crvassosivea)
vivginica

Oysters

Muitilus californianus
Tridacna

Ostrea gigas {d)

Ostrea gigas (I

Mytilus edulis
Chiamys vavia

Mytilus californianus
Cumingia tellinoides

Mytilus californianus

Young, 1545

© Galtgoff, 1938a

Loosanoff & Engle, 1940

Korringa, 1947

Galtgoff, 1938a

Nelson & Allison, 1940

Young, 1945

Nelson & Alligon, 1940
mentioned by:

Fretter & Graham, 1964
Galtsoff, 1940
Mivazaki, 1938

Lubet, 1958

Young, 1245
Grave, 1927

Young, 1945

*Spawning refers to emission of sperm or eggs
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of the neuroanatomy of Lampsilis. The
organization of the nervous system of
Lampsilis closely resembles that of
Anodonta (described by Simpson, 1884).3

‘Members of the genus Lampsilis
possess a bilateral nervous system that
includes the 3 pairs of ganglia charac-
teristic of bivalves, A pair of cerebro-
pleural ganglia are located on either side
and slightly posterior to the mouth and
to the anterior adductor and protractor
muscles, where they are embedded inthe
tissue of the foot. Nerves from the
cerebropleural ganglia extend into the
mantle, viscera, anterior muscles,
muscles of the foot and to the stato-
cysts. A conspicuous connective passes
under the esophagus and joins the 2
cerebropleural ganglia, Connectives
extend from each cerebropleural
ganglion to the fused pedal ganglia, deep
in the muscle of the foot. Prominent
connectives from each cerebropleural
ganglion emerge posteriorly from the
visceral mass, and approach each other

fused visceral ganglia.

The visceral ganglia are closely joined
by a wide commissure to form a single
large, butterily-shaped ganglion {(here-
after referred to as the visceral
ganglion}, located just under the super-
ficial epithelium covering the ventral
surface of the posterior adductor muscle,
From this ganglionic complex arise many
nerves which I have traced into the
osphradia, gills, kidneys, pericardial
cavity, posterior adductor muscle,
rectum, inner and outer surfaces of the
mantle in general, and by way of many
branches and anastomoses into the
siphons and flaps.*

As in other bivalves, sense organs,
such as statocysts® and osphradia are
found in Lampsilis. The statocysts are
2 tiny spherical cavities (each of which
contains a sizeable statolith) at the ends
of the statocyst nerves, deep in the foot
tissue, The osphradia are 2 small
patches of specialized epithelia next to
the branchial nerve, just dorsal to the

just behind the posterior retractor
muscle, where they shortly join the

gills and ventral to the visceral
ganglion, 8

3The suramary which follows here is based on dissections made for this study, as described in
«Materials and Methods, » under “Anatomical Studies” (p 232).

4No attempt was made in this study to follow nerve fibers through the ganglia. Friedenfelt (1904)
described much of the fine structure of the visceral ganglion in Amnodonta; but Rawitz (1887) was
the only investigator whom [ found to have described pathways of nerve fibers through this
ganglion (in Mytilus). Since Rawitz’ work was done with primitive techniques, one is inclined
to believe, with Bullock & Horridge {1965: 1396) that especially with reference to the cerebro-
pleural and pedal ganglia, “the whole matter of pathways. . .must be regarded as requiring in-
vestigation de nove,”

Sgtatocysts have been experimentally implicated as organs of equilibrium {Buddenbrock, 1913,
for Chlamys varia).

8The assertion {by Rawitz, 1887; Pelsencer, 1906} that the innervation of the osphradia is by
way of connectives from the cerebropleural ganglia through the visceral ganglion, has recently
peen guestioned (Bullock & Horridge, 1965). That osphradia function as chemoreceptors in bi-
valves has often been maintained (e.g., Pelseneer, 1906; Allen, 1923); but this claim has not,
to my knowledge, been experimentally demonstrated. Bailey & Laverack (1983) reported that
actionpotentials in thebranchialnerve ofa snail followed chemical stimulation of its ogphradium.
Aiello & Guideri (1964) suggest that regulation of water flow through the mussel (Mytilus edulis)
maybedue to a possible physiological connection between chemical stimulation of the animal’s
asphradia and subsequent nervous control of ciliary activity on the lateral epithelia of the gills.
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Specialized photoreceptors have not
been identified in the Unionidae, despite
the fact that several species (including
those of Lampsilis) are light, ie.,
“shadow” sensitive (skioptic), Photo-
receptors are known in some marine
bivalves (reviewed by Franc, 1960).7

Tactile gengitivity in bivalves (noted
in Lampsilis, too) is particularly local-
ized in the siphonal papillae and in the
anterior part of thefoot. The innervation
of such papillae has been studied in other
species (e.g., by Galtsoff, 1964, in
Crassostrea vivginica). Franc (1360)
reported that the siphons of Mya are
sensitive to a pressure of 1 mg per
1 mm?2 of siphonal surface (Pieron,
1941) and noted that the foot of the
Unionidae orients itself into the weakest
of currents, being sensitive to the

slightest differences in frictiononeither

gide of the foot.
MATERIALS AND METHODS

Field Collections: From the summer
of 1962 through the summer of 1965,
occasional collections were made of
Lampsilis ventricosa, L. siliguoidea
and L. brevicula byittsi, chiefly in
the White River and its tributaries,
in  Washington County, northwest
Arkansas (see Fig. 4). L. venivicosa
exhibiting flapping behavior were ob-
served on several occasions in June,
1862, and in June, 1963, in the White
River. The best collection site was in
that river near the Wyman Community,
Very large (over 20 cm long) old speci-
mens of L. ventricosa of both sexes
were not difficult to find there prior to
serious depletion of 2 fine shoals, ap-
parently through droughtand sewage pol-
lution late in the summer of 1963, Other
shoals which served as collection sites
are now inundated by the backing up of
the White River behind Beaver Dam. In

no instance were Lampsilis abundant.
Several hours of searching would turn
up 2-3 gravidfemales, Youngindividuals
were seldom found. Specimens were
collected usually on shoals of sand and
gravel, in swift and in sluggish currents,
in water ranging from clear to very
turbid, and from depths of 1-3.5 feet.

Anatomical Studies: Dissectionswere
made of fresh specimeng of Lampsilis
ventricosa, L. siliguoidia, L. brevicula
brittsi as they became available, largely
in the summer months. The neuro-
anatomy of preserved L. ventricosa and
L. fasciola and of methylene blue prepa-
rations of fresh L. veniricosa was ex-
amined in some detail. Preliminary
studies of flap and nerve histology were
also made.

Aquarium Studies: For purposes of
observation some mature female Lamp-
silis were maintained inaquaria through-
out most of the year from the summer
of 1962 through the summer of 1965,
Individuals were held in aguaria in a
variety of environments for as long as
12 months. ¥Female mussels were kept
in various ways: solitary, with others
of the same sex, with males of the same
species, with specimens of other species,
and with fish of various kinds, including
the black crappie, largemouth bass, and
madtom. The aguaria used were of
various sizes ranging from 2 to 50
gallons in capacity. Water temperature
in seme aguaria was allowed tofluctuate
with normal room temperatures, bui was
held constant in others, Light conditions
were varied from no daylight with only
occagional artifieial light (i.e., incan-
descent or flucrescent light} to natural
daylight only. It was not possible for
me to feed the animals adeguately, In
many instances, algae were allowed to
grow on the sides of the tank, and were
then periodically suspended in the water

TKermedy {1960) was able to demonstrate photoreceptive activity of the pallial nerve in Spisulia,
although he was not able to identify pertinent photoreceptor pigments there. (Photoreceptive
function has not been demonsirated for cytochrome h, the hemoprotein he actuaily found present
in high concentration in the pallial nerve of Spisula).
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FIG, 4. Chief collection sites (triangles) in northwest Arkansas, for specimens used in this
study. Map is from Arkansas Highway Dept., 1963 Scale shown here: 1 inch = approx. 10

miles.
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by scraping the tank walls with a clean
piece of nylon net,

Light Studies:
L. siliguoidea and L. brevicula britisi
were subjected to initial exploratory light
studies by means of a 3-way bulb (30,
70 and 100-Waits) suspended approxi-
mately 50 em above the water surface.
Changes in {lapping behavior which ac~
companied change in light intengity were
noted. Results of these studies coupled
with data on diurnal flapping behavior
{frequency of flap movements, response
of flaps to natural light change at dusk
and at dawn, etc.) in these same species
indicated that Lampsilis venilvicosa
would be the most suitable animal for
additional investigation. Subsequent light
studies were carried out with a device
(Variac) attached to a Weston AC volt-
meter, which wasused to vary the voltage
through 200~ and 300-Watt white frosted
GE bulbs situated directly over the water
surface at a distance of one meter.
Lampsilis ventricosa were exposed both
to successive increments and to succes-
sive decrements of light intensity at a
variety of illuminations.

The preliminary studies with artificial
light were partly made at natural fluc-
tuating temperatures and partly at con-
stant temperatures of 19-21° ¢, All of
the later studies with Lampsilis ventri-
cosa were performed at controlled
temperatures (19-21° C). Almost all
light studies were carried out at night,
after dark, the later ones (reported in
Table 14) between 7:30 and 11:30 p.m.,,
from July 25 to August 16, 1965,

For convenience of measuring rapid
flapping rates, and for ease of compari-
son, the frequency of flap movements
has been expressed not as the number of
moves per unit time, but as the dquration
of a fixed number of moves, The
number was set at 30 after extended
preliminary observations had indicated

Lampsilis ventvicosa,

that a smaller number would not allow
for the animal’s occasional spontaneous
alterations of flap movement rate.
During prolonged observations of flap-
ping behavior in the dark, a safelight
{a red 25-Watt bulb) was used. A pen-
light or smail torch was employed
occasionally just to check on the occur-
rence of flap movemeénts in the dark,

BEHAVIOR INVENTORY OF LAMPSILIS

Familiarity with the various cate-
gories of “normal” behavior such as
locomotion, siphoning, adductor rhythms,
responses to several kinds of external
stimuli and spawning is indispensable to
an evaluation of the flapping behavior
in Lampsilis. In an attempt to apply to
these mollusks a holistic approach - a
regular part of the technique of the verte-
brate ethologist - a behavior inventory,
summarizing normal activities, is
presented in Table Z, before the highly
specialized attributes of flapping be-
havior are considered in detail.

A, FLAPPING BEHAVIOR IN
LAMPSILIS VENTRICOSA

1. General morphology and location of
the mantle flaps

Characteristic morphological features
of Lampsilis ventricosa mantleflaps are
shown in Fig. 5a, b. In this species,
as in others of the Lampsilinae, mantle
flaps are extensions of the mature
female’s anal andbranchial siphon edges,
In transverse section, thebivalvemantle
edge is generally understood to consist
of 3 lobes,® Fig. 6. Like the siphons,
the mantle flaps are part of the inner
lobes of the mantle edge (shown as lobe
3 in Figs. 7 and 8).

All 3 lobes of the manile edge are
modified in the flap region. This modi~
fication accompanies sexual dimorphism

8 Thisg may be an arbitrary generalization. See Hillman’s (1964: 8} article on “The funectional
morphology of the fourth [sic!] fold of the manile of the Northern Quahog, Mercenaria mevcen-
avia.”
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iCM

FIG. 5. Mantle flaps in 2 species of Lampsilis, drawn from preserved material. a, b, L.
ventricosa; ¢, 6, L. fasciola. The illustration shows the characteristic features of the oufer
(@, ¢) and inner surfaces (b, d) of the flap. Note the rather uniform pigmentation of outer sur-
face, eyespot visible only on outer surface, and relatively narrow, iruncated fail of L. ventricosa.
Compare with many pigment spots on external surface, eyespot visible on both external and in~
ternzl surface, and rather broad tail comprised of a number of large tentacles, in L. fasciola.

N

1 oM 6 1 CM 7

(See p 240 for legends to Fig. 6 and Fig. 7).




240

of the wvalves, whereby the rotundity of
the female shell zccomodates the mar-
supia as well as the thickened posterior
mantle edges.

In the living, mature female animal,
the outer mantle lobe (Fig, 8, 1) ismuch
‘thickened inthe siphonal andflapregion,
and is almost completely covered by the
shell.  The middle lobe (2) is very thin
at the base of the anal and branchial
siphong, but is evident as a rounded
pigmented ridge, near the flaps (Figs. T,
8). The inner lobes (3) not only form
the flaps, but their protruding apposition
under the flaps’ “tails” is seen
(especially in a rear view of flapping
L. venitricosa, Fig. 8, B3} to cause an
elevation of the tails.

2. Orientation of Lampsilis venlvicosa
to the substrate during flapping
behavior 9 '

When the mussel is engaged in flap-
ping, its appearance is much altered
from “normal” (Figs. 9a, b) by: (1) for-
ward tilting of valves (a rotationof about
90°); (2) exaggerated posterior extension
of foot; and (3} extreme protrusion of
flaps, inner mantle lobes and marsupia
{Fig. 9¢).

Flapping behavior configurationalters
not only the position of the animal rela-
tive to its substrate, but to the valves
of its shell as well. The “anatomical
correspondence” areas defined by Stasek
(1963) for a number of bivalves, would
not apply to L. veniricosa during flap-
ping, (See Fig. 10).

L. R. KRAEMER

For theforegoing reasons, convention-
al designations of ¥“anterior,” “pos-
terior,” “dorsal” and “ventral,” become
misleading; and thus terms which are
meaningiul within the special context of
flapping behavior {as shown in Fig. 11)
will be used in this paper. A summary
contrasting orientation of L. ventvicosa
to its substrate during flapping behavior
and during normal activity is presented
in Table 3.

The typical position of flapping L.
veniricosa illustrated in Fig. 9c¢ is the
only one I have noted for this species
under natural conditions. Ortmann (1911)
and Grier (1926) have presented general
desgcriptions of this position. However,
1 have often observed that L. veniyicosa
in aguaria may exhibit flap moverments
when its valves are filted up no more
than 45° (Fig. 7), although such flap
movements are slow, and occur at low
light intensities,

3. Analysis of " flap movements in
Lampsilis ventricosa

Ortmann (1911), Wilson & Clark (1912),
Grier (1926) and others noted that fiap
movements are very rhythmic and rapid
in L. ventricosa. Inthe course of pro-
longed observations of flapping animals
in aquaria during spring and summer
months and from analysis of 16 mm
moving pictures of some of these ani-
mals, I have determined that there are
at least 2 principal categories of flap
movements: - (1) regular movements,
observed at high flapping frequencies of

S0rientation of animal to substrate only is discussed here. TField observations fmy own, 1962,
1963, and those of Ortmann, 1911) indicate that the flapping animals may orient themselves into
the current. Present studies have not included an investigation of this factor.

FI1G. 6. Diagram of transverse section of
bivalve mantle edge. 1, outer lobe; 2, middle
lobe; 3, inner lobe (from Morton, 1960}, Scale
shown indicates approximate size of a trang-
verse sectionthrough posterior mantle edge of
Lampsilis ventvicosa, §, in 4 specimen 15 em
long.

FIG. 7. Semi-diagrammatic view of Lamp-
silis ventvicosa, during slow flap movements
in aquarium, from left rear side, indicating
lobes of mantle edge. 2, middle Iobe; 3, inner
lobe and structures arising from it. Note that
valves here are tilted by only 459; the inner
manilelobes are pushed out against each other.




MANTLE FLAP IN LAMPSILIS 241

flaps exhibif other types of movements
too, though less often. All spontanegus
flapping movements involve both mantle
flaps, :
Regular flap movements (Figs, 12, 13):
Before the regular movement is begun,
the tails of the flaps are spread apart,
to float horizontally in the water, inner
- surface dorsal.  The “anterior” ends
(see Fig, 11} of the flaps, with white~
rimmed black “eyespots”l0 on the ex-
ternal surface, are held together; or, if
the marsupium protrudes, flaps areheld
close to the sides of the marsupium, 11
The movement starts with aquick strong
contraction at the base of the flaps. The
tails are thereby turned uwpward, and
often clap together over the exposed edge
of the marsupium., Now apulsel? moves
from just in front of each of the tails,

FT

“;‘C—Mf* forward to the anterior, eyespot snds
of the flaps. A lateral bulge is thus
FIG. 8. Flapping in mature female Lamp-  Simultaneously produced in each flap;

silis ventricosa. Rear view during flap move-
ments. Drawn fromlivinganimal, 2, 3, middle
and inner lobes, respectively, of mantle edge.
Note that the inner lobes below the mantle flaps
are pushed fightly together.

60 or more moves per minute, and (2)
slow movements, seen at rates of less
than 30 moves per minute. The mantle

and as the pulse moves along, it in-
creases in amplitude and cauges each
flap to be turned dowriward and outward,
¥inally the puise reaches the eyespot end
of each flap, pushing the whole flap-pair
forward, and snapping the eyespot ends
outward,!3 The slower recovery stroke
of the regular movement now occurs.
The tails relax andfloat out horizontally,

10The eyespot’s funcilon as a photoreceptor has not been demonstrated, Suificient material for
adequate pigment analysis was not available in this study, but chromatograms made from a
couple of eyespots from very large {20 cm) specimens showed pink fluorescence above pigment
sample, and dark, probably UV absorption spots 5-7 cm above pigment sample (Whatman' #1
paper, butidine solvent). Presence of porphyrins (characteristic for photosensitive pigments)
may. be indicated. Because no photoreceptive function has yet been demonstrated for the “eye-
spot, ”the term ig inappropriate. It will be used throughout this study, however, because it is
established in the literature, and because many lampsilids possess numerous other pigment
gpots.

Ilpecause frequently one marsupium only protrudes during flapping behavior, the term “mar-
supium” rather than “marsupia” will be used in much of this desecription, although both of the
marsupia protrude from time to time.

124 pulse is a superposition of sine waves of different frequencies, analogous to the motion
generated by pushing up, then pulling down on a taut rope’s end - not a wave or undulation,
which would advance at a constant speed and amplitude.

13When one observes a flapping L. ventricosa in a turbid stream, the compietion of the forward
movement of the pulse is striking. On the internal surface of the flaps in this species, at a
point corresponding with external location of the eyespots, there is a patch of white. To the
human observer, the flash of the white palches is the most eye-catching part of the regular
flap movements.
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FIG. 9, TFlapping in mature female Lampstlis ventricosa. Diagrams showing appearance
while anchored in substrate, from the left side, a, during normal activity, flaps withdrawn; b,
flaps visible; and c¢, during flapping behavior, showing “headstand” position with tilted valives,
foot as prop, flaps and marsupium broadly pretruding. Note “normal” position of marsupium
(dotted) under shell in a.

FIiG. 10. Flapping in mature female Lampsilis ventricosa. Diagrams showing “anatomical
correspondence” areas, defined by Stasek (1963) for bivalves, as they might be applied te Lamp-
silis ventricosa during: a, “normal” activity, and b, during fiapping behavior. A, pedal margins,
which extend from anterior limit {(AL) of the infra-branchial chamber near the mantle isthmug
of the animal to its pedal gape (PG); B, the inhalent aperture, extending from the pedal gape to
siphonal partition {SP); and C, the exhalent aperture which extends from the siphonal partition to
the 1imit of the suprabranchial chamber near the hinge (H).
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FIG. 1i. TFlapping in mature female Lamp~
silig ventricosa. Diagram of flap region show-
ing terminology used in text {p 228) in ana-
lyzing movements of mantle flaps during flap~
ping behavior, Notethat the distal edge of mar-
supium and distal edge of flap is now “dorsal,”
while the eyespot end is “anterior” and the tail
of the flap is “posterior.”

the anterior ends move up against each
other {or against the protruding mar-
supium}, and both flaps are simultane-
ously pulled back -and together,

Regular {flap movemenis resemble
swimming motions of a little {fish, a
resemblance first noted by Coker et al.
{1821), and later by Howard & Anson
{1922). This resemblance has prompted
Welsh (1933) to refer to the flaps as
“lures” for possible fish hosts to the
mussel’s glochidia. Regular flap move-~
ments have been observed atfrequencies
varying from 60 or slightly less to as
much as 180 per minute. At 1 per
second frequency, each recovery stroke
requires about 0.6 seconds.

The slow movements (Figs. 14, 15):
I have observed slow movements usually
at low light intensities, and at frequencies
of from 30 per minute down to less than
one in 30 minutes, Before the slow
movement starts, flaps are spread wide
apart, the entire length of each floating
out horizontally, inner sides uppermost
in the water. The marsupium may not,
but more often does, protrude between
the flaps. When the movement begins,
there is a contraction at the flap base;
the tails move up and may touch medially;
then a pulse moves forwardfrominfront
of the tails, which draws the eyespot

ends of the flaps upright, together, and
backward.

In recovery, firstthe tails, then gradu-
ally the rest of the flaps relax and float
out horizontally once more., At the end
of the recovery stroke, the flaps have
moved forward slightly, again,

Whereas it hasbeen speculated thatthe
minnow-like aspectproduced by the rapid -
{(“regular”) movements of the flaps might
attract possible fish hosts, and that these
movements may serve to aerate the
glochidia, slow movements of the flaps
seem ungualified for either role. The
slow movements can go on for hours at
very low light intensities and obviously
contribute little to aerate glochidia, nor
do they give the impression of 2 swim-
ming fish.

A prominent feature of the mussel’s
slow movements is the accompanying,
broad exposure of the marsupium.

Other flap movement patterns: Other
movement patterns noted in this study
for L. venlyvicosa are: “fluttering” move-
ments, “weak, regular” movements, and,
rarely, 4double” movements. The first
2 are described here,

Fluttering movements may he ob-
served during periods of very low flap-
ping frequency. They consist of slight,
rapid contractions which course from
eyespot to tail and from tail-base to
eyespot, and involve just the distal,
gray-pigmented parts of theflaps. Their
passage along the flap is accompanied
by minute darkenings of the pigment, and
bendings of delicate papillaewhichfringe
the free surface of each flap,

Weak regular movements may be seen
during periods of prolonged, highflapping
frequency (1 move/sec.). Initial con-
tractions at flap-base, and the pulse
subsequently generated, are much less
strong than in the regular movements,
The pulse does not cause the eyespot
ends of the flaps to be thrust forward
and to snap apart. The recovery stroke
does not bring the flap edges upright and
together. The effect of these weak regu-
lar movements is to produce a rhythmic,
gentle “waving” of the flaps.
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TABLE 3. Orientation of Lampsilis ventvicose during “normal” activity, contrasted with position

L. R. KRAEMER

diring flapping hehavior {compare with Fig. 9)

Body Pogition during “normal” . . . .
structure (non-flapping) activity Position during flapping behavior
Valves - “Upright, ” 1. e., umbones and liga- Fipped (rotated anteriorly), often in

Foot

Anal siphon

Branchial
siphon

Mantle flaps

Inner lobe
{3}, at base
of flaps

Marsupia
{posterior
portion of
outer gilis)

ment on top (dorsal).

Used chiefly during locomotion:
foot extended at front, then back,
valves then hunching forward.

borsal and posterior; line ligament -
anal siphon nearly parallel with
substrate.

Pogterior, ventral to anal siphon.
Distal edges projecting parallel to
substrate {papillae may be touching
medially).

Tf visible, located ventral to
branchial siphon, not extending
far from valves. Tailg may or
may not be hanging free, and
ventral to rest of flap.

Distal -edges touching medially, or
withdrawn between the valves. I
withdrawn, mantle flaps are not
extended or visible.

Ventral to posterior adductor and
rectum. Kept within pallial cavity.

“headstand,” i.e., umbones are now
near substrate, ligameni vertically
above umbones or even in a line
forming an acute angle with substrate
in front of the animal.

Posierior part of foot much extended
to make wedge-shaped prop for
animal’s up-tilted valves.

Dorsal to anterodorsal. Line lipa-
ment ~ anal siphon vertical to
substrate.

Dorsal, pesterior to anal siphon,
distal edges may be turned mediaily,
papiliae touching.

Dorgal, posterior to branchial
siphon, Eyespot, “anterior” flap
portion just posterior to branchial
siphon. Tail, posterior portion,
floating free, the whole flap pushed
ot from valves,

Distal edges projecting at least 2 cm
from valves (in specimen 10 em long,
touching each other medially at 60°
angle to form peak under flap tails
{see Fig. 8).

Pusghed out hetween flaps, protruding
2 cm; distal edges dorsal. Posterior
tubes of marsupium now anterior
because of 90 rotation of animal.
Marsupia may move “up” and “down”
between flaps according to light
intensity and frequency of movements.

4. Behavior accompanying initiation of
flap movements

Lampsilis ventricosa often begingflap
movements at dawn, with a characteris-
tic behavior sequence (Table 4), the con-
sequences of which are: (a) mussel has
assumed “headstand”; (b} foot is promi-

nently displayed as a luminous white heel,
or prop, for uptilted valves; (¢) flap
movements markedly increase in
frequency {from 30 moves/5-10 minutes,
to 30 moves/30 seconds or less, i.e.,
they become from 10-30 times as fast,
see Fig. 16), and (d) one marsupium or
both marsupia protrude between flaps.
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A

FIG. 12. Elements of the regular flap movements of Lampsilis ventricosa, viewed from above

(semidiagrammatic).

A, position at end of recovery stroke (fails floating out, eyespot ends

against sides of marsupium}; B, pulse begins near base of tails, outer margins fold over and meet
at centeriine; C, pulse {(bulge) moving toward anterior eyespot end of each flap; I}, pulse nearing
eyespot ends of flaps; E, pulse st eyespot ends of flaps, pushing them outwards and forward

horizontally.

TABLE 4. Summary of sequence of events in initiation of flap movements in
gravid female of Lampsilis veniricosa

Approximaie
Step Behavioral event duration in
minutes
1 Mussel in normal position {ligament dorsal}. -
2 Flaps are extended, until free edges of tails are exposed. 5-10
3  Flaps hang limply, ventral to branchial siphon. 5
4 Fluttering movements occur. 2
5 Pause. 2
6' Animal completely withdraws flaps; mantle lobes in 1
siphonal region are squeezed together; mussel extends
foot out and slightly backward in substrate and tips
valves forward, toward umbones.
7  Valves open slightly; flaps are re-extended. 2
8 Rebetition of steps 4 through 7, approx. 3 times. 20

Whenever flaps are withdrawn, the mar-
supium is moved down into the pallial
cavity. The flaps then are re-extended,
and move vigorously for 1-2 minutes
before marsupium protrudes fully again.

Grier {1926) described an increase in
flapping frequency in L. ventricosa, but
not inthe context of the animal’s response

to increasing daylight. He observed
{:112); “At first the rate is quite slow,
as if the creature were ‘warming up’
but rapid acceleration occurs to amaxi-
mum rate...” I have found that the
rate of accelerationinflapping frequency
is not always rapid, and that the “maxi-
mum” rate varies with eachanimalfrom
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FIG. 13. Semidiagrammatic view of the regular flap movemenis of Lampsilis ventvicosa, from
the left side. Compare stages with Fig. 12. A, end of recovery phase (tails out, horizontally);
B, heginning of “forward” pulse (note that it begins at base of tails); these are then htought up-
ward and seem to clap together medially, over the proiruding marsupium; €, pulse moves along.
each flap, causing a lateral bulge; D, pulse nears “anterior” eyespot end of flaps; E, pulse is at
each flap end, pushes them outward and horizontally, also thrusting the flap-pair forward.
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FIG. 14. Hlements of the slow flapping movements of Lampsilis ventvicosa, viewed from
above. A, position of flaps at end of recovery stroke (flaps wide apart, floating horizontally,
entire inner surfaces uppermost, marsupium widely exposed); B, pulse heging at base of flaps,
pringing tails together medially; C, pulse moves forward, bringing mid-portion of flaps up medi-
aily; D, pulse nears eyespot ends of flaps, bringing them up close together with their anterior
ends pulled hack a little; E, end of forward puise, most of flaps up, together and still backward.

ECM

FIG. 15. “Head-on” view of flaps of Lamp-
silis ventricosa during slow meovements; drawn
from an animal in headstand position, looking
from branchial siphon toward the flaps. Eye-
spot ends of flaps in foreground, free-floating
flap-tails in rear. Note widely exposed mar-
gupium. Only one marsupium is visible, the
other one held within the branchial cavity.

one day to ancther (as well as from one
time of day to another).

variation in the daily time of onset of
flap movements was noted in this study.
Occasionally an animal would not initiate

flap movements. until mid-afternoon,
even on a sunny day. Water temperature
did not appear to beanimmediate stimu-
Tus for initiation of flap movements. No
differences were observed Dbetween
specimens of L. venfvicosamaintained in

‘aquaria at normal, fluctuating tempera-

tures, and others kept at a constant
temperature of 18° C, in the lengths of
their flapping periods, in the daily time
of onget, or in behavior at onset of flap
movements.

5. Behavior accompanying cessation of
flap movements

This process may be observed in an
undisturbed animal just before sundown
{see Fig. 17), in rapidly fading daylight,
when the mussel virtually reverses the
warming up behavior it exhibited at sun-
rise (see Table 4). As the rate of flap-
ping decreases from 1 movement/sec. to
1 movement/2 secs., there is a shift
from the regular to the slow type of flap
movement, the latter broadly exposing
the marsupium. Flaps are drawn to-
gether, then withdrawn between the
valves, as the animal gradually changes
its angle of headstand orientation by
hunching back down into the substrate.
Flaps float ouf again and movements
continue at the reduced rate, After a
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few minutes, flap withdrawal, valve
closure, hunching down and flap re-
extension are repeated, Finally, the
flaps remain withdrawn, and the animal
has agsumed 2 normal siphoning position
in the substrate.

6. Behavior accompanying diminution of
flapping frequency. (see Fig. 17) .

Often the mussel maintains a headstand
while its flap movements decrease in
frequency with the oncoming dusk. Flap
movements change to the slow pattern;
the marsupia continue to protrude; and
the flaps are spread more and more
widely apart as daylight fades.14

7. Role of marsupia inflapping behavior
of Lampsilis venivicosa

The marsupia of L. venfricosa affect
flapping behavior in at least 4 ways:

{a) As a necessary condition forilap-
ping behavior. The marsupia must con-
fain glochidia. Among more than 40
living mature female L. venivicosa ob-
gerved at length in this study, flap move-
ments were seen only in gravid, though
not in all gravid specimens,

{b) In increasing prominence of dis-
play. In the course of the 3- to 4-month
‘summer seasonof flapping, L. ventvicosa
will, the first few weeks, show one mar-
gupium or the other (seldom both) pro-
truding just slightly between the flaps
whereas in later weeks, one or both
marsupia project prominently from be-
tween the flaps throughout the daily fiap-
ping periods,

When both marsupia are.

exposed, one is invariably thrust out
more than the other, cccupying a position
closer to the siphons. The appearance
of the 2 marsupia is neither quite side~
by-side, nor guite one-behind-the-other
{see Figs. 20, 21).

{¢) In sharply altering frequency of
flap movements (Figs. 18 and 18), The
marsupia are occasionally spontaneously
moved down into the pallial cavity and
subsequently up betweenthe flaps, during
flapping movements, The downward
movement is accompanied by a slight
pause, then an increase in flapping
frequency., Re-emergence of the mar-
supium is typically accompanied by a
noticeable slowing of flap movements,

(d) In spawning of glochidia. Toward
the end of several months of inter-
mittent flapping behavior, a tiny hole
appears in the distal margin of each
vigible ovisac (charged water tube ina
marsupium); and within a week or less,
the ovisacs are emptied of glochidia,
ostensibly throughthese openings, during
lengthened periods of flapping. Alterna-
tively, the edge of one (or more) of the
ovisacs may rupbure, and the entire con-
tents are shed as aconglutinate. 15 Figs.
20 and 21 show marsupia protruded (in
the manner typically observed late in
the season of flapping behavior). Loca-
tion of pores in the ovisacs is shown in
Fig. 22, and the gradial emptying of
ovisacs, or spawning, is shown in Fig,
23. Becausetheovisacsarefransparent,
and because individual ovisacs may have
contents of different appearance,16 it is

14The animal may remain thus for hours in the dark. Ihave watched these movements for long
periods at night, with a safe-light (a red, 25-Watt bulb). Slowest flapping rate recorded in
this context: 30 flap movements in 36 minutes and 18. 3 seconds (August 13, 1865).

Lppe conglutinate or mass of embryos expelled as a whole still has the shape of the ovisac.
Conglutinates of Lampsilis ventvicosa are the size, shape and color of a slivered almond. Al
those examined in thig study consisted of well-developed glochidia, each larva usually still
surrounded by iis own membrane. Lamapsilinae do not seem to abort conglutinates as readily
ag some other unionids. Plewvobema, for example, frequently shed many tiny, bright pink,
splinter-shaped conglutinates within an hour after coliection. These often consist largely of

immature embryos.

16Differences. in color and texture of ovisac contents are not ag marked in Lampsilis ventricosa
as they are in Plewrobema and other unionids (Lefevre & Curtis, 1910) where there can be
brightly colored stratification of unfertilized eggs among the glochidia in the fubes of each

marsupium.
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LT

FIGS. 20-23. Marsupia of gravid female Lampsilis ventricosa.

FHGi. 20. Protrusion of both marsupia, dorsal view (sketched on August 5, 1964, 10:30p. m.
artificial light (76 Watt incandescent bulb).

FIG. 21. Protrusion of bhoth marsupia seen from right side (sketched on. August 15, 1964,
8:00 a. m. in natural light}. Several water tubes {ovisacs)inleft marsupium, rear branchial siphon
(BS) looked partly empty.

a

’ﬁw

‘ULM“M“*LM.
i it A TR
b -

o 1o 23

FiG. 22a, b, ¢. Location of pores in ovisacs {water tubes of posterior portion of outer gill).
a. “Anterior” part of exposed marsupium, showing “edge-on” view of marsupial border:; ovi-
sacs empty. Orientation ag in Fig. 15. b. Lateral view, slightly tipped to show pores on bor-
der. c. Exposed marsupium of fiapping animal, sketched from anterior {evespot) end of flaps.

FIG. 23. Spawning. Left mantle flap and exposed right marsupium, seen from left side, on 2
successive days. Ovisacs are numbered to show that between time when upper sketch was made,
(6:30 2. m., Sept. 2, 1964) and time of lower sketch (8:30 p. m., Sept. 8, 1964}, a number of water
tubes {serving as ovisacs} had discharged their glochidia, probably via pores (not sketched here).
No conglutinates were shed during that time.
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possible to observe the emptying of vari-
oug tubes in a marsupium, from day fo
day (Fig. 23).

8, Characterigtic flapping periodicities

The times when Lampsilis venivicosa
exhibits flapping may be summarily
categorized as follows: .

(a} Flapping season: extends for
about 4 months from late spring on-
wardsg through the summer. I have
records for a few Arkansas specimens
which exhibifed flapping behavior inter-
mittently from June through September
while in aguaria (gsee Tables 13 & .4).

{p} Flapping period: consists typi-
cally of a week or less in which the
mussgel exhibits flapping behavior at least
part of every day. I have observed 6-8
such periods in individual specimens
kept in aquaria at normal temperatures
throughout a flapping season. Aflapping
period is frequently preceded by ex-
tensive locomotion, i.e., the mussel
makes a circuit or two of the aquarium,
beforé tilting up to a headstand (flapping
position). Flapping periods are sepa-
rated by several days to several weeks
or more when no flapping occurs,

{c) Flapping day: is a day of flapping
activity, which offen begins at dawn; the
flap movementsfinally cease or radically
diminish in frequency just before sun~
down. Table § is a record, for one
specimen of Lampsilis ventvicosa, of 4
flapping periods, including a total of 18
flapping days, during which the animal
wag checked continually for flap move-
ments. These data seem typical for L.
veniricosa, in that they indicate the fol-
lowing: (1} frequency of flap movements
varies throughout the day, and from one
day to another; (2) flapping frequency
does not increase or decrease uniformly
through the day; (3) a flapping day is
usually inauvgurated at sunrise andtapers
off just before sunset (Graph, Fig. 24,
taken from Table 5). '

1 have further observed (at controlled

and uncontrolled temperatures) that dur-
ing any day of a flapping period, Lamp-
$élis veniricose is more likely to exhibit
flapping activity at sunriseor justhefore
sunget than at any other times of the 24
hour day.

B. EFFECT OF PHOTIC STIMULI
ON THE FLAPPING BEHAVIOR
OF LAMPSILIS VENTRICOSA

Early studies of the general (non-
flapping) behavior of Lampsilis ventvi-
cosa included observation of the marked
response of both siphons, but especially
of the anal siphon {o sudden shadows
{skioptic response). Table 6 shows a
typical series of responses by the anal
siphon of a specimen of (non-flapping)
L. ventvicosa to repeated shadows, The
anal siphon soon becomes “habituated”
to the shadow stimulus. That is, the
anal siphon shows a waning response to
the repeated stimulus, not evidently
occagioned by sensory adaptation or
muscular fatique, inasmuch as the
“habituated” siphon is stillresponsiveto
other (e.g., tactile} stimuli,

Later studies of the flapping behavior
of Lampsilis ventricosa indicated the
flapping animal’s evident sensitivity to
photic stimuli. Table 7 contrasts the
observable responses of mantle flaps to
photic stimuli (as well as to tactile
stimuli, local water waves, jar of sub-
strate, and temperature fluctuations)
during flapping behavior, withresponses
of siphons during normal activity. The
reader is reminded of the fact that both
siphons and mantle flaps are part of the
third (inner} lobe of the mantle edge,
and that both are innervated by nerves
from the visceral ganglion.

Simple preliminary experiments re-
vealed that Lampsilis ventricosa can
appdrently be induced to increase its
flapping frequency in respounse to light
of increasing intensity.17

A series -of experiments was then

17Lampsilz‘s veniricose does alter its flapping frequency in apparent response to sudden, arti-
ficial changes in light intensity. The following is taken from notes made on July 7, 1964, re~
garding an aguarium specimen maintained at normally fluctuating temperatures: “A hot (100°
¥} sunny day. Water temperature up to 33°C. Mussel had been flapping in extreme headstand
all through the day. Movements very rapid (up to 10sec. for 30 movements). (Contd. on p 252},
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TABLE 5. Average flapping frequency* for one specimen of Lampsilis veniricosa at various
times of day in naturai light only, at a constant water temperature of 19° C, during
4 flapping periods, from July 2 to August 18, 1965

Flapping | Date Duration in seconds of 30 movements at different hpurs
periods ¢ 1965 | o op '5_10n| 10-12h | 12-14h | 14-16h | 16-18h | 18-20h | 20-22h
15,2 17.2 19.7 17.8 18,0 54.8
7/8 17.6 18.1
: 17.5
79 25.2| 16.8 16.5 igzg 1?}?;
1 )
/10 | 199 ;Lg:; 26. & 30.5 36.5
71 gi:g _ o 332. 3
7/12 | 437 486, 8{3) 479.0
7/27 | 23.1| 2.5 | 27.0 30.7 2:39, 5
2 7/28 481, 24)
7/89 | 28.7 32. 4 34, 6 44. 4 46.4 | 170.4(3)
8/t 33.2 125. 3 347.3 900. 9(3)
3 8/2 24.6| 25.4 39.3
8/3 93.9 108.4 605, 3(1)
8/4 464. 0f1)
8/12 20.7
26,7 293, o)
8/13 | 22.5 22.0 22,7 23.3 30.7 4011
4 8/14 | 30.6| 25.6 | 24.6 3l.1 34.7 | 1110.0(
8/15 | 30.8 36.5 38.4 | 303.4(H
8/16 131, 6(9)
8/17 i 42.8

*Frequency is expressed as average duration of 30 flap movements in a series of 20 trial counts.
In 11 instances fewer counts (10} were made (superseripts in parentheses).

M'(contd.) Still flapping at 8:00 p.m. Turned on light over aquarium at 9:00 p.m. Mussel had
tilted back down toward normal position in substrate. No flap movements. Marsupia with-
drawn. 9:30 p.m., animal in headstand, flapping rapidly. (30 movements in 10 seconds). ¥ I
later found an evident correlationbetween the beginning, continuation and termination of a flap-
ping period, and the proclivity of a mussel for exhibiting such artificially induced movements.
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TABLE 6. Successive responses of anal siphon of agravid Lampsilis ventricosa

to a sequenice of shadows (1 sec. each).

tabulated, 7 minutes

TFotal time for all trials

Trial Shadow* Siphon closure Re(fovery Hme**
sec. in seconds
1 1 Immediate, complete 26,1
2 I Immediate, complete 23.5
3 1 Immediate, complefe 15.9
4 1 Immediate, complete 23.3
5 1 Tmmediate, complete 30.3
] 1 Immediate, complete 37.3
7 1 Immediate, complete 15,1
8 1 Immediate, complete 18,6
9 1 Immediate, partial 8.5
10 1 Immediate, partial 8.1
11 1 Immediate, partial 7.5
12 1(x3) belayed, partial 16,3
13 1(x3) Delayed, complete 21.1
14 1(x3) Delayed, complete 16.8
15 1(x4) More delayed, partial 15.8
16 1(x8) Still more delayed, partial 9.3
17 1(x20) No response. Anal giphon remained open

*Shadows were presented more than once (numbers in parenthesés) in {rials

12-186 before siphon closed.

*+*Recovery time is period hetween closure of anal siphon in shadow response

and re-cpening.

carried out, (a) to test the assumption
that photic stimuli can alter mantle flap
behavior in L. venivicosa, and, if photic
stimulation could be experimentally
demonstrated, {b) to examine cerfain
parameters of the photic response.

The experiments covered a consider-
able range of light intensities (0.3-22.5
foot candles), They were performed at
night, with a gingle light source (see
Materials and Methods), and at a con-
stant water temperature of 19° C. Ob-
servations included short time checks
(10 timed counts or less of 30 movements
each), and long omnes (20-such trial
counts). They were conducted when the
ahimal was in 3 headstand or almost a
headstand position; after days of vigorous
flapping, and after days of flapping in-
activity; and at the beginning, middle,
and end of flapping periods. Pre-
conditions of 8 experiments are sum-
marized in Table 8, Table 9is a sum-
mary of the results of the 8 experiments.

At light intensities greater than 3.7
foot candles, alierations of flapping
frequencies in response either to incre-
ments or decrements of light were not
congistent, In the lightintensity interval
from 2.3 foot candles to 0.8fcot candles,
flapping frequencies were consistently
altered, increasing in response to small
or large increments of light (Fig. 25),
decreasing in response to small or large
decrements of light (Fig. 26), Theabove
experimental results make it seem likely
that the “warm-up” and “slow-~down”
character of flapping behavior typically
exhibited by L. veniricosa at sunriseand
just before sundown, respectively (com-
pare Figs. 16 & 17), is a photic response.

C. COMPARATIVE STUDIES WITHIN
THE GENUS LAMPSILIS

Comparative studies were made ofthe
flapping behavior of Lampsilis sili-
guoidea and I, brevicula britisi inorder
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TABLE 7. Comparison of responses to various stimuli of mantle flaps (during flapping behavior)
and of siphons {during normal activity) in Lampsilis venlricosa

Stimulus

Response of Mantle Flaps

Response of Siphons

Photic
a. Repeated shadows
(sudden light
decrdments)

b. Gradual decre-
ment (as at
sundown)

¢. Darkness

d. Gradual incre-
ment (as at
sunrise)

Tactile
Stroking of relevant
structures with fine
probe

Local water waves

Sudden jarring of
substrate

Temperature
fluctuations
Diurnal variations
vs. constant
temperature

Shadow response present, as
slight pause {0.1 sec.) in flap
movements (Sotne indication
that shadow response may be
inhibited at a high flapping
frequency). ¥

“Headstand” maintained, moves
slow, change from “regular” to
“slow? pattern, flaps are
spread wide apart, marsupia
exposed; OR: headstand
abandoned, flapping slows, then
ceases; flaps and marsupia
withdrawn.

If flapping, moves are in “slow?

pattern, marsupium (-ia) exposed.

Assumption of headstand, ex-
tension of flaps, onset of flap
movements, change from
“fluttering” to “slow? to
“repular” pattern {the last a
protective configuration, i.e.,

marsupia mostly covered by flaps).

Negligible; flapping freqguently
unaltered, even when moving
flaps are touched.

No observable response in L.
venlricose (marked response in
L. siliguoidea and I.. brewvicula).

Animal may pause and then
either continue or withdraw flaps,
then siphons, abandon “head-
gtand” and stop altogether.

None noted (although Grier, 1926,
claimed temperature response
for this species).

Shadow response. present, es-
pecially for anal siphon, except
after repedted reésponses 1o
shadows (Table 6).

No consistent cbservable responge
to patural gradual increments or
decrements of light intensity.
Siphens may be wide open, or
closed, in dim or in bright light,
day or night.

Anal siphon: negligible; branchial
siphon: innermost row of papiilae
in lumen gengitive, siphon may
close.

No observable response.

Siphons may close, then withdraw;
foot may also withdraw, and
valves may close.

None noted.

*] have made several observations of L. ventricosa during periods ofvery high flapping frequency
(as high as 3movements per second}, when the mussel gave no recognizable response to shadows.
One such observation was made on June 22, 1963, in the White River near Wyman, Washington
County, Arkansas, on & large (20cm long) gravid female, angled in a headstand, into the current,

and flapping in full mid-afterncon sun, in approx. 18 in. of water.

For more than an hour, 1

made repeated atiempts to induce the shadow reflex in the flapping animal, There was, however,
no closure of siphons nor any apparent diminution of flapping frequency. Such cbservations as
these indicate that high flapping frequency may inhibit the siphonal shadow reflex.
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to distinguish elements of flapping be-
havior common to these 2 species andto
L. venivicosa, as well as to determine
any flapping characteristics peculiar to
cone or more of these species,

Flaps and Flapping Behavior
in Lampsilis siliquoidea

1. Flapping position and gross flap

morphology

In L. siliguoidea, flapping position in
characteristically arotationof only about
50°; the flaps are heavily pigmented, with
less conspicuous eyespots than those of
L. veniricosa, and with elaborate de-
velopment of flap tail portions.(Table 10;
Figs. 27, 28).

2. Flap movements in L. siliquoidea

These are similar to the “regular”
movements of L. venlricosa. The moves
hegin with contractions at the base of
each flap’s tail, and progress as paired
pulses toward the eyespot. The pulse
pulls the eyespot end of each flap later-
ally., Recovery phase of the movement
brings first the eyespot ends, then the
rest of the flaps together once more,
Flap movements in this species differ
from those of L. ventricosa as follows:

a. There are no movements compar-
able in configuration tothe “slow” move-
ments of L. ventricosa in the flapping
behavior repertoire of L. siliguoidea.

b, Frequency of flap movements is
much lower in L. séiliquoidea than in L.
ventricosa. 1have recorded rates up to
180 per minute for L. nentvicosa, com-

pared with a maximum for L. siligoidea
of 29.7 per minute8 L. veniricosa,
also, exhibits a much greater range of
flapping frequencies.

¢. Spontaneous flap moves in I, sili~
guoidea are preceded by definite, twitch-
ing contractions of basal tentacles (BT,
Figs. 27, 28) just under the flap tails,
followed by a slight pause. o

d. Spontaneous flap moves typically
occur in pairs in L. siliguoidea. Howard
& Anson (1922:71) also noted this charac-
teristic of L.siliguoidea flapmovements,
describing them as %, .| .regular undula-
tions [sic!] of two rapidly succeeding
waves lasting 2 seconds, each taking
approximately a second {o pass fromthe
anterior ventrallobes tothe eyespots,” 19

e. A single flap movement (i.e., a
simultaneous movement of both flaps)
may be readily induced in L. siliguoidea
{but not in L. ventvicosa) by sudden jar-
ring of the substrate or by water waves
in the immediate vicinity of the flaps,
such as can be caused by fin movemenis
of a fish.2? Such flap responses cannot
be induced by stroking the flaps with a
fine probhe. The single flap movement
occurs when the flaps are extended and
either moving rhythmiecally,2l or not
moving. These mechanically inducedflap
movements are thus readily dis-
tinguished from spontaneous movements
(Table 11).

3. Characteristic flapping periodicities
of Lampsilis siliquoidea

a. Flapping season lasts through the
spring and summer months, My earliest

18The most extensive recordings of daily flapping frequency for a single specimen of L. sili-
quoidea, cover the period from April 25 to July 23, 1963, Average number of movemenis per
minute for 10 minute counts were tabulated several times daily. Average flapping frequency
throughout this period was between 4 and 5 moves per minute.

19« Anterior ventral lobes” are the tails of the fiaps. The speed these authors record is faster

than that I measured for L. siliquoiden.

204y attempt to measure the stimulus causing this response was unsuccessful, Tuning forks
(612, 384 and 324 cycles per second) set to vibrating in and near the aquarium containing flap-
ping L. siliguoidea did not stimulate the single flap movement response described above.

2L the single flap move is induced during spontaneous movements, their rhythm is broken.
Further, ability of flaps to respond to water waves or to jarring with the single flap movement
diminishes with prolonged stimulation, then ceases, so that several minutes must elapse be-
fore the single-flap-move response can be induced again.
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35 no. of days when flapping

was observed
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FIG. 24. TFlapping activity of Lampsilis ventricosa. Times of 24-hour day, during 4 flapping
periods {(compare with Table 5), when flap movements occurred. Constant water temperature
of 190 C.
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DURATION IN SECONDS OF 30 FLAP MOVEMENTS
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FIG, 25. Response of mantle flap movements of Lampsilis venivicosa to increasing light in-
tensities. Data taken from experiments recorded in Tables 8 and 9. At low light infensities (be-
tween 0.8 and 2.3 foot candles) flapping frequency increased in response to light increments

{compare with speedup of activities at sunrise, Fig. 16).
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OF 30 FLAP MOVEMENTS
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FIG., 26. Response of mantle flap movements of Lampsilis ventricosa to de-
creasing light intensities. Data taken {rom experimenis recorded in Tables 8
and 2. At low light intensities (between 2.3 and 0.8 foot candles) flapping

frequency decreased in response to light decrements (compare with slowing or
stoppage of activity at sunset, Fig. 17k
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{CM

FIG. 27. Lampsilis siliquoidea, during flapping behavior, drawn from the right side. Note
the position of the animal in a typical flapping stance: while the valves are somewhat tilted for-
wurd, the animal {s not in the headstand so often seen in L. venfricose. Note alse that the edges
of the branchial sighon (BS) are held horizontally and not vertically as in L. venifricosa.

[ ——y

1 CM

FIG. 28. Lawmpsilis siliguoidea in flapping position, seen from the left side, showing typical,
ornate pigmentation especially in tail region of flaps. Branchial siphon not visible from this
angle. Specimen from War Eagle Creek, Benton County, Arkansas, July 5, 1964.




1. R. KRAEMER

(4 el

260

01 ) 891 e
0 . . D 188]
8 G 28 086 -0%'% 01 . sak - ou 10504 91/% 8
01 Z°91 g8l
G¢'g k¢ Lg g®
01 L'e €% £1 8§ 00°1T -08°2 81 LT ou Lp pag ¥1/8 L
g €% LG
36 S8 G791 . .
nI-C1: sak ou Awp pu 1
01 271 6°§  4°C 08:01-4T°2L 9 P pUZ £1/8 9
L' &% €T 8
01 g’
£ 48
§°91 $'8% 6§91 .
1T - 08 EET Y EETY Arp 38
o 7271 '8 L°G 08 TE-08°L ¥ P 387 1/8 g
Lg LG ]
2'21 S'91 §°Z8
01 0°0T jasuo adao§ey
d TE-0T auou afaue ou
e TTOT 00°1T-0T'8 18Ue 50% £ 1 18/4 ¥
MA M ; 00°TE-00'8 g1 gok ou pue agsu 8% /2 I
01 9
Awp pu
[t TR 00 TT ~ 0674 01 sak T P bug 88 /L 3
0z Suiznp
0°g L1 [
70 T A A ’ 19800 9I0J9q
1T~ 20! auou EEEY sah
0% $'9 b4 ey 00 1T ~50°8 skep 7 SZ /L T
AF1SUOIU; (s9acma g IOf "UILE
Sud gs0I0® praI) (ux-d) ) potiad
= {= P 1
ST 4ows $OIPUED J00] U] S91ISUSu  JUSTILIOdXS W B [BAET PUBISPESH  UOBOWOD0] Furddeiy o3 {6961) ang
¥® sanea 811 30 @ousnbo 0 HOITe ul peads fuiddeig BATJRIBI BUAT, ora -uedxy
8131 J0 ON oIl JO sdusnbeg ¥ tyeIngy - ToTTd azaL tL

*G967T ‘15ndny pue Amp Buriop
Jno pILLIBO axeM B [RIdlIae £q sesucdssa dryy Jo won[nwys onoyd uo swowtedys g Yoy Jopun SUOTIIPUCD JO AFPWWING ‘g WTHVL



MANTLE FLAP IN LAMPSILIS 261

record for flapping activity in this
species is April 25, and the latest record
August 15,

b. Flapping periods are notas distinct
in L. siliguoidea (Table 12) as they are
in L. veniricosa (Tables 13 and 14). For
example, in 69 days of daily observations
of a specimen of L. siliguoidea (main~
tained in an aquarium at naturally fluctu-
ating temperature and light conditions),
intermittent flapping activity was re-
corded during 52 days.

¢. A flapping day. L. siliquoidea, un-
like L. venfricosa, may often start or
stop flapping activity several times a day.
In a series of recorded observations
(Table 12) the start-stop pattern was
noted on 43 out of 52 days (or 84.6% of
the time during which flapping was ob-
served). Such a pattern was seen less
than 50% of the time in similar series
of chservations on L. ventricosa (Tables
13 and 14).

Flapping activity in L. siliguoidea oc-
curred much less often in the morning
than in the mid-afternoon (2-5 p.m.) or
late evening from 10-11 p.m. (see Fig.

20).%% Characteristics of a flapping day
for L. siliguoidea as contrasted with L,
venlyicosa are summarized in Table15.
Table 16 presents a few records of cc~
casions on which I timed an animal’s
flapping frequency for 10 consecutive
minutes in very dim light and for a like
period in bright light,

Flaps and Flapping Behavior in
Lampsilis brevicula britisi 23

1. Flapping position and gross flap
morphology

L. brevicula brittsi is a small, thin-
shelled species. Externally the flap is
little (2.5 cm long in a specimen 6 cm
long}, dark gray, has inconspicuous eye~
spot and an elaborate tail which has a
number of tentacles and a prominent
pigment spot (¥Fig. 30). Marsupia pro-
trude between the flaps, their dorsal-
most edges scalloped, uneven (not smooth
as in L. veniricosa). Flapping position
ig less than a headstand {i.e., rotated
only by 45°-75° instead of 90°) and the
animal is typically dug deeper inio the

221 ate evening observations were made by means of a 25-Watt red hulb or with a penlight. Of
136 recorded observations between midnight and noon, flapping was noted 50 times (31%). Of
260 observations made between noon and midnight, flapping was observed 146 times (56%). As
regards observations made on 39 days between 10-11 p.m., the animal was flapping vigorously

66. 6% of the time.

23Flap movements of this species were observed through spring and summer of 1964 only, where-
ag flapping individuals of L. venivicosa were alanyzed through 4 seasons, and those of L. sili-

quoidea through 3 seasons.

*General conditions of the experiments which are summarized in Table 8,

a. Water temperature 19°C throughout.

b. Length of experimental periods wag limited naturally: at high light intensities, though with-

out meagurable increase in water temperature, prolonged exposure would bring about pause
in regular flap movements, then fluttering movements, finally a halt. At lowlight intensities,
moves slowed to negligible rate. Movements were considered to have stopped if there was
4 pause longer than 10 minutes between movements.

Experiments were all conducted at night, to control light conditions. Animal could not be
moved to a darkroom because of its sensitivity to “jarring”; such a move might have stopped
its flap movements, which may then not have been resumed for days.

The number of counts made {time for 30 moves) was large because the animal’s response to
altered light intensities by marsupial movements is often accompanied by alteration in
flapping.

Observations concern a single animal because, even with 8-10 mature females kept, there
was seldom more than one animal flapping for long periods. This same animal’s flapping
behavier, when not exposed to artificial illumination constituted the control. Movements in
the darkness were ocbhserved with a red 25-Wait safelight.
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TABLE 10. Comparison of flapping position and gross flap morphology in Lampsilis siliguoidea
and I.. veniricosa

Flapping feature

L. siliquoidea

L. venitvicosa

Pogition

valves:

branchial siphon:

marsupia:

typically not a headstand;
animal ugually tilted (i.z.,
rotated forward} at 45° angle.
(Figs. 27, 28)

typically a headstand, especially
at higher flapping frequencies.
Animal £ilted (rotated anteriorly}
at 902 angle to substrate. Foot
serves as prop. (Fig. 2)

edges often held horizontally

edges not often held horizontally

do not protrude prominently
beiween the flaps

do protrude prominently between
the flaps, especially later in
flapping season, at time of regu~
lay moves with high flapping
frequency, and at times of very
“slow” flap movements;
marsupta may move up and down
with changes in light intensity

Appearance {in
flapping animal)

tail:

eyespot:

outer flap surface:

inner flap surface:

long, broad, prominently
fringed with many hasal
tentacles

truncated, with few or no basal
tentacles

raised, dark, not prominent
on external surface of flap;
visible though smaller on
internal surface

prominent, often raised, dark,
and surrounded by white ring;

not visible on internal surface
of flap

often dark, reddish brown,
with rows of dark brown spots.
Prominent dark spots near
tail base and on tail

uniform, medium-~-light gray;
not spotted. Line of pigment on
fnner gurface shows through

a rogsy peach, especially in
tail region of flap. Line of
pigment, extending from eye-
spot to tail, may be present

pale gold to pink, with prominent
black line of pigment extending
from just behind area corres-
ponding to exterior location of
gvespot to tail tip

substrate.

2. Flap movements

They resemble those of L. siliquoidea,
beginning as a pair of pulses at the base
of the flap tails, moving simultaneously
toward the eyespots, causing the eyespot

portions of the flaps to turn laterally.
Recovery stroke brings first the eyespot
ends, then the rest of the flaps together

in apposition once more.

Movements occur in groups of 2 or
more, the flaps moving at slightly higher
frequencies than those of L. siliquoidea.
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TABLE 11.
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Comparison of spontaneous “regular” flap movements with me-

chanically induced movements in Lampsilis siliquoidea

Spontaneous movernents

Mechanically induced movements

normal flap movements as described
for L. veniricosa

the same aspect for individual
move

preceded by twitching of bagal
tentacles

not s0 preceded

ocecur typically in pairg fless often
triple, rarely singie moves)

are single

produced in response to jarring of
suhstrate or to local water waves

provokable in absence of
spontaneous flapping

7

|

NO. OF DAYS FLAP MOVES OCCURRED

w— B b ot~ @ @
ars P

X
>l
o

tst  fiapping period

3rd flopping periad

2nd flopping period
=}

4fh flepping period

]

cumulation of 4 tlapping periods

FIG. 29. Diurnal flapping activity in Lamp-
silis siliquoidea.

Flap movements may be mechanically
induced in L. brevicula britlsi, as they
are in L. siliqguoidea. The fortuitous
cbservation described below indicates

how flap movements induced mechani-
cally (e.g., by water waves) may facili-
tate mantle flap activity by L. brevicula
brittsi.

On August 11, 1964, a specimen of
L. brevicula brittsi had come to a po-
sition not more than 5 crm away from a
specimen of L. siliqguoidea, in one of my
aquaria, At 11:00 a.m., both animals
were exhibiting flap movements, almost
flap-tail to flap-tail.2¢ The very regular
alternation. of movements, first by one
animal then the other, caused metotime
several flapping sequences of the 2 anj-
mals (Table 17).

L. brevicula brittsi maintained aflap-
ping frequency about twice that of L.
siliguoidea throughout, Neither the
characteristic twitching of the basal
tentacles which precedes spontaneous
flapping in L, siliguoidea, nor thetypical
paired movements were cbserved at that
time., If seemed probable thatthe move-
ments of L. siliquoidea were being
mechanically stimulated by the move-
ments {local water waves)of L. brevicula
britisi nearby. L. brevicula briftsi, in
turn, may have been responding at least

24Two mature female specimens of Lampsilis ventricosa, at the opposite end of the same aquari-

um, exhibited no flap movements at that time.
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FIG. 80. Various flapping positions in Lampsilis brevicula brilisi. Specimen collected from
War Eagle Creek, Washington County, Arkansas, on July 5, 1964. Sketched: a, August 4, at
7:00 a.m.; b, August 5, at 6:30 a.m.; c, August 1, at 11:00 a.m.
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TABLE 12. Diurnal flappipg activity of a specimen of Lampsilis siliguoidea at seasonzl fluctu-
ating temperatures and natural lightX, from April 25 to July 2, 1963

Date {1963) Hour of the day
1071171271314 16MA 1177181 16 20121 ' 29 23
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28 o i F'; A ¥ TR —
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30 : P . I O CE T
2L
6/ 1 . N R i LY i
2 T o i e
3 i *1 * E L S AT T

part of the time to the movements of its 3. Time of flapping activity of L.

neighbor. The animals did not then seem brevicula britlsi
to be maintaining independent spontane-
ous mantle flap rhythms, 25 The flapping season lasts through the

25This behavior continued through the day. Another series of 20 minute-count trials was made
beginning at 10:30 p.m. on the same date, with results much the same as those recorded in
Table 17.
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Table 12. {Contd.)
5
| Date (1963) Hour of the day
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|Flapping 10 7ot o2 /i2ltolio; 713 ] 3/ 8l1sii0) slionelns; 7 16115121564
Not flapping 1[0 17271 1030, 8fT0f6 7 4 16 10! 6] 6 8 9/ 12 613712113 2]
[Total 10,2123 22540 19?17 9 (10§ 7129|20{14]16/21) 22| 19| 22282438/ 6

-~

= No flapping occurred.

* = Flap movements occurred.

x = After dark observations were made with a small penlight.

spring and summer months, Forasingle
specimen my earliest record of flapping
activity was June B, and the latest,

September 3. There is not enough infor-

mation at the present time for meaning-
ful comparisons of eventual “flapping
periods” of L. brevicula brittsi withthose
of other species. Specimens of L.
brevicula brittsi, like L. siliguoidea,

however, are capable of vigorous flap-
ping in the dark (as seen with a 25-Watt
safelight).

A Note on Flaps and Flapping Behavior
in Lampsilis fasciola Rafinesque

L. fasciola is of interest, hecause, as
H. & A. van der Schalie (1963) have
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TABLE 13. Diurnal flapping activity® of a specimen of Lampsilis ventvicosa main-~
tained at seasonal, fluctuating temperatures, from June 29 to September
11, 1964, with some ohservations in artificial light

Hour of the day
Date (1964) S —— : ‘ _
5/6 7,89 10 11 12%13 1415116 17§ 18/ 19 20; 211 22| 23
8/28 | - i e
7/ 8 | * ] i :
8 * : [ ® #
G LR T O RS F K] X
10 i : : P #
11 e i ‘ L
12 ’ P ; e
13 . ’ L
14-22 P i ‘
23 | ¥ |
26 ] % *
28 N
29 a o i |
30 C L
31 L i =‘
8/ 1 P
a2 &Ik * * * % * R * * * * - -
4 de ook e * % X * - s # ’ #
[ * e i
7 i
8 I ‘ l
9 =
10 ‘ ,
11 L7 |
15 i H 1 & | x| k| K * i TH#
16 | x| % | K| K] ¥ T
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18 - :
19 * ” .
28 ¥ ® :
31 3
9/ 1 * *i ok * *
5 ® | K k] k| * * *
5 i #
10 {conglutinates shed) §
11 : {conglutinates shed) !

ENo chgervations were made between midnight and 5 a.m.

*Flap movements occurred, in natural light (after dark observations were made with
a small penlight).

“Flap movements did not occur, in natural light.

* The same animal as that used in the previous light experiments.

X No observations were made between midnight and 6 a. m.

* Flap movements occurred, in natural light (after dark, checks were made with 25-Watt red
safelight).

“No flap movements occurred, in natural light (after dark, checks were made with 25-Watt red
safelight).

#Fiap movements oceurred, in artificial light (incandescent bulb, at different light intensities).

IR Flap movements occurred, in dim natural light plus artificial infra-red source. These pre-

liminary studies with infra-red light were insufficient to yield conclusive results.
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TARLE 14. Flapping activity of a specimen of Lampsilis ventricosat maintained
at 19° € under varying conditions of light, from July 2 to August 24,

1965%
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TABLE 15, Characteristics of a flapping day for Lampsilis siliquoidea and for

L. ventricosa

Flap activity L. siliquoidea

L. venlvicosa

Time of onset any time of day

often at dawn

Pattern through
daylight hours

starts, stops, starts;
often 3 or miore times
a day

starts, speeds up flap
moveinents at dawn,
flaps through day,
slows down or stops
at dusk

Pattern after may show more vigorous

dark flap moves (especially
from 10-11 p.m.} than
in daylight

if flapping, moves are
of slow puttern

n¢ consistent definite
responses noted*

Response to
experimental

consistently, at low
illuminations flapping

light conditions

frequency slows in
response to light
decrements and speeds
up with light increments

*Limited experimental efforts only were made to check the effect of varicus
light intensities on flap movements of L. siliguoidea (see Table 16).

pointed out, it -has a curiously circum-
scribed distribution in some areas of
Michigan. This species exhibits fairly
rapid, regular mantle flap movements.
I had the opportunity to observe a number
of L. fasciolg in the River Raisin, up-
stream from Sharon Hollow, Washtenaw
County, Michigan (see also footnote 40},
in August, 1862. The 9 flapping females
seen at that time were all clearly visible
in the main channel at water depthsfrom
1.5 to 2 feet, Movements of their flaps
were such that all must have been in a
headstand position. The movements
were rapid and regular. In appearance,
the flaps (Figs. 5c, d)are similar to those
of L. siliguoidea (Figs. 27, 28), with
elaborate pigmentation and many basal
tentacles.

DISCUSSION AND CONCLUSIONS

In the course of this study, it hasbeen
found that:

(1) Mantle flaps in Lampsilis ventvi-
cosa, L. siliguoidea, L. brevicula britisi
and L. fasciola have common structural
features: 26 (a) all are extensions of the
third or inner lobe of the posterior
mantle edge anteroventrad +to the
branchial siphon; (b) all possessthe same
general configuration with a pigmented
spot {the eyespot) just posterior to the
branchial siphon, and afree-hanging tail;
(c) pigmentation of the external flap
surface is generally more elaborate and
always different from thaf of the internal
surface; (d} innervation of the mantle
flaps {(examined in L. ventricosa and

26These morphological characteristics are found also in Lampsilis caviosa, of which a number
of preserved specimens were examined for this study.
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TABLE 168, Flapping frequency averages (av-
erage No. of moves/min. for 10
min.} in dim light and in bright
(incandescent) light for Lampsilis
siliquoidea

Datcaj: Time Trequencies/min.
April M
1964 o dir light bright light
26 §:30 4.4 5.3
a7 9:15 6.1 1.3
10:30 13.8 10.8
28 7:30 5.1 5,4
29 T:10 3.5 3.5
7:15 1.1 0.8
30 9:30 2.2 2.3

L. fasciola) is by way of branches of
pallial nerves extending from the
visceral ganglion,

{2) Mantle flaps in the above species
differ moryphologicaliy in (a) external
pigmentation, which may be a uniform
gray (L. ventricosa), or heavily spotted
(L. siliquoidea, L. brevicula britisi and
L. fasciola); (b) development of the tail,
which may be truncated and slender, as
in L.veniricosa, or broad and elaborately
fringed with tentacles, as in the other 3
species; {(¢) appearance of the eyespot,
which may be prominent, ringed with
white, and confined to the external flap
surface (L. venlvicosa), or inconspicuous
and visible on external and internal flap
surfaces (a8 in the other 3 species),

(3} Flap movements as studied in L.
ventricosa, L. siliquoidea and L. brevic-
ula briftsi all comprise (a} paired pulses
which are inifiated as contractions at
each tail base and move toward the eye-
spot ends of the flaps; and (b) arecovery
phase in which the flaps assume their
former position, often with tails floating
free and horizontally in the water.

{4} Flapping behavior in the above 3
species is not limited toflapmovements,
but involves the coordinated function of
many body structures, to such an extent
that the supposed normal relationships

between body and shell are muchaltered.

(5) Flapping involves different he-
havioral complexes in different species,
e.g., headstand (upending by 90°), regular
and slow flap movements, spontaneous
marsupial movements, changes in flap.
ping frequencies at dawn and dusk, and
diurnal flapping pattern in L. veniri-
cosa - contrasted with not 50 pronounced
a headstand {orward rotation of 50°),
regular double flap movements, no slow
movements, no noticeable spontaneous
marsupial movements, c¢repuscular to
nocturnal  flapping pattern in L.
stliguoiden,

(6) Flapping behavior inthese species
involves different stimulus modalities,
especially light for L. veniricosa, and
water waves and jarring of substratefor
L. siliguoidea.

(7} The special characteristicsof flap
movements in the species studied here,
fit into the larger context of the total
behavior repertoire of the non-flapping
animal: (a) mantle movements in-
dependent of shell movements do exist
in various bivalve genera (as found by
Redfield, 1917, for Mvya, Modiolus,
Muytilus, Solenomya, Ensis, Cumingiaand
Yoldia); (b} extreme heel formation of the
foot, in serving as a prop for someflap-
ping lampsilids, can logically he viewed
as an exaggeration of a phase of normal
bivalve locomotion (the Hakenform and
Schwellform of Fraenkel, 1927}; (c¢)
alterations of flapping frequency in re-
sponse to alterations of light intensity
show similarities tothe animal’s general
skioptic (shadow) sense, which mediates
siphon withdrawal in many bivalves; (d)
marked response of extended or moving
mantle flaps of mussels such as L.
siliguoidea to jarring of substrate andto
water waves is more difficult to identify
although bivalves are notoriously sensi-
tive to jar, the most widely observed
response being siphon withdrawal and
valve closure.

(8) Despite the fact that mantle flaps
respond to different stimuli in different
gpecies and that flap movements can
occur for a whole season previous to



272 L. R. KRAEMER

TABLE 17. Sequence and number of flap movements during 20 1-min.
periods for 2 specimens of Lampsilis whose moving flaps
were approximately 5 cm apart; in aquarium, at natural
temperatures. Trials starfed at 11:00 a.m. on August 11,

1964

. - Consecutive flap movements Total flap

Trial Species during 1 minute** movements
L the /7 / 5
) L.s. / / 2
5 L.b. [/ /7 !/ / 8
) 1. 8. / / 3
, L A /7 6
’ L.s / / / 3
4 L.b. / ;o ! 6
Tu 8. / 2
. L /7 / /7 6
L.s / / / 4
o L A A 5
L. / / / 4
. Lbe /S /7 / 6
' L.s. / / 2
o Lo/ /ol 5
) L.s / / / 3
g L / Y / /7 7
' L.s / / / / 4
L.b / / 2
oL sy 3

spawning, they apparently do accompany
spawning of glochidia in all species in
which the movements have been ob-
served. The foregoing statement is
supported by the following evidence from
this study: (a) flaps cccur only inmature
female specimens, whereas juveniles and
males have flap rudiments; (b) flap move-
ments have been seen only in gravid,
never innon-gravidfemales (although not
all gravid females maintained inagquaria
for months showed flap movements); (¢)
flap movements have been seen inassoci-
ation with gradual emptying of the ovisacs

and with shedding of conglutinates; (d)
flap movements have not been observed
after shedding of glochidia.
LI S

Grier (1928) and Welsh (1933) are the
only previous investigators known to me
to have undertaken experiments with
flapping Lampsilinae. Grier contended
he had induced increasing frequency of
flap movements in a specimen of Lamp-
silis ventricose by experimentally in-
creasing water temperature. My own
observations do not support his finding,

Welsh (1933) made a brief series of
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Table 17. (contd.)
. R Consecutive fiap movements Total {lap
Trial  Species* during 1 minute** movements

» L.b. / I / Favs 7

! L.s. / / 3

L.b / Va4 /o 5

12. L.s / / 3

L / Vi Vv 5

e / 4

L.b. / i /o 5

14. L.s. / 2

L.b / / / 4

15, s / / / 3

Lb. [/ / ;7 / il

16. i.8. / / 2

L I / / 5

oo e / / 3

18 L.b. [/ / /LS 6

: I.s. / / 2

19 L.b /7 /7 / 6

) L.s / / / / 4

L.b. /[ [/ / / / 5

20. L. g. / 2

*I,.b. = Lampsilis brevicula brittsi; L.s. = Lampsilis siliquoidea.

**/ = one flap movement.

determinations of the time required for
10 flap movements in a specimen of
Lampsilis nasuta {Liguwmia nasuta) over
a range of 9 decreasing light intensities,
as a consequence of which he observed
(1933: 755) that <, . .light did play an
important role in determing the
frequency of these rhythmical contrac-
tions.” Though his graph plotiing
frequency of flap moves against light
intensity (here reproduced as Fig. 31)
looks as though the animalhadincreased
its frequency in response to increasing
light intensity, it had in fact decreased

ite flapping frequency in response to
decreasing light intensity, the databeing
arranged in inverse order. Hisnumeri-
cal data (2755} are here reproduced
(wig. 32). Welsh found (:156) that the
flapping rhythm of his specimen “was
interrupted at low light intensities and
ceased entirely [sict] after a short ex-
posure to an illumination of about 0.2
foot-candles.” My own prolonged ob-
servations of Lampsilis ventricosa would
indicate that Ligumianasuia may actually
possess a far more complex response
to light than Welsh was able to discover
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FIG. 31. Frequency of flapping in “Lamp-
silis® {= Ligwmia) nasuta from Welsh {1933
Tb5-7H6. Note that exposure was in reverse
order, i.e., with decreasing light intensity, as
indicated byhis explanation of the graph: “Piot
of data showing frequency of movement (number
of movements per second} of the mantle flaps of
Lampsilis nasuta plotied against the logarithm
of the light intensity. Observations were begun
at- the highest illumination. >

from his more limited opportunity for
study.

Two hypotheses have been advanced
by other investigators concerning the
probable functions of flapping in these
animals. First, the speculation by
Ortmann (1911) and others (e.g., Coker
et al,, 1921) who followed him, that the
flap movemenis help to aerate the glo-
chidia, and second, the hypothesis sub-
scribed to by Coker etal, (1921}, Howard
& Anson (1922}, and Welsh (1933), that
the moving flaps are in effect mimicking
minnows and serve as lures to hostfish.
The first hypothesis seems, in the light
of the study presented here, to be quali-
fiedly plausible, Regular movements of
Lampsilis ventvricosa (carried on inter-
mittently for several months during the
summer) especially those at high
frequencies, do appear to create alively
water current over thebulging marsupia,
though the slow movements certainly do

not. Butinspecies suchas L. siliguoidea,
in which flapping movements are much
slower, and the marsupia do not com-
monly profrude, the relation of {lapping
to gill o¥ marsupial aerationwould hardly
seem to be of much consequence,

The second hypothesis is anintriguing
idea, but it has many shortcomings.
Admitiedly, to the human observer
watching rapid regular movements of an
upended L. veniricosa, particularly on
an eye-level with the eyespots of the
flaps, the resemblance of the moving
flaps to some small fish is striking,
However, a flapping Lampsilis veniri-
cosa exhibiting slow movements does not
present a fish-like appearance, neither
does a mussel such as L. siliguoidea,
which doesnot characteristieally assume
a headstand, does not commoniy protrude
its marsupia (suggesting the rounded
body of a fish}, does not flap in a fish-
like fashion, and doesnot haveprominent
eyespots.

It seems most plausible to reasonthat
if host fishes are attracted to the flaps,
it would be movements per se, rather
than a fish-like appearance which might
attract them. All of the species ob-
served at length in this study (L. veniyi-
cosa, L. siliguoidea, L. brevicula), have
been maintained from time to time with
possible host fish suchasthe largemouth
bass (Micrvopterus salmoides) and the
black crappie (Pomixis nigromacula-
tum). The crappies upon occasion would
make darting movementstowardthetails
of the moving flaps. At other times, a
fish would loiter nearly motionless for
hours in the vicinity of the tails of the
moving flaps, If the fish were attracted
by the flapping (though their presence
always seemed merely fortuitous to me)
the presence of the fish in the neighbor-
hood of the moving flaps would insure
their exposure to any glochidia dis-
charged,

The differences between mussel
sypecies inflapping postures, appearance,
optimal time of flapping activity 27 and

27guch differences might coincide with periods of activity of potential fish hosts, such as de~

scribed by Davis (1962).
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Times in Seconds for Ten Movements of the Mantle Flaps of Lampsilis with Their
Averages, and the Frequency (Number of Movements per Second) at Each of Several
Intensities of Illumination. Temp. 21.3°C.

Intensity
{Foot-candies) 0.20 0.41 0.83 1.66 3.6 12.0 23.6 180.0 68%.0
Time {secs.} for

10 movements 65.0 48.0 28.6 24.5 22,5 21,2 2L.0 20.1 20.0
61.¢ 46,8 30.5 25.8 22.3 20.9 208 26.1 20.0

62.0 49,2 32.2  27.4 22,2 2104 20.8 - 20.1  20.2

3.5 48,6 35.2 26.6 22,1 21L.5 20.6 20,1 20.4

61.8 46.7 33.0 26.4 21.9 21.8 20.9 20.5 20.1

32,5 27.6 22.8 21.5 20.9 20,2 19.7

30.8 27.6 23.4 21.2 21.0 20.4 19.8

35.0 27.4 23.6 21.5 20.6 12.9 19.8

36.0 27.0 23.3 21.0 206.6 20,4 20.0

38.0 256 23.6 21.2 21,2 20.1 19.8
Averages 62.66 47,85 33.18 26.59 22.75 21.32 20.84 20.19 19.98
Frequency 0.158 0.210 0.301 0.376 0.439 0.469 0.481 0,495 0.502

FIG. 32. Numerical data from Welsh (1933).

the manner in which they respond to from settling helplessly on the bottom,
environmental stimuli suggests possible and to keep them suspended inthe water,
adaptations (still in need of much study) so that they might more readily come
to habits of peculiar fish-host species. 28 into contact with fish-hosts already in
I would like to suggest another explana-~ the tank. Similarly, I suggest, the
tion for the flapping movements of lamp- bellows.like movement created by the
silids. A simple if partial hypothesis paired pulses of all flap movements,
for the flap movements may be suggested regardiess of species or flapping
by the diagram (Fig. 33) here, It shows freguency or regularify, would help the
an aquarium which Lefevre & Curtis glochidia fo remain suspended in the
(1910} constructed for the purpose of water for a period of time, and thus
infecting host-fish with glochidia. The facilitate the vitally necessary confact
tank has a cross-hatched arrangement with a host fish. Regrettably, Idid not
of perforated connecting pipes on the experiment with the adeguacy of flap
bottom, which were fed by a vertical generated currents to sustain glochidia
inlet pipe of similar diameter. The in a mid-water position. This certainly
purpose of this apparatus was toprevent should be done.
glochidia, when introduced into the tank, Ancillary problems arising from this

281owever, I am loathe to subscribe to anthropomorphic generalizations: what looks like fish to
us need not necessarily do so to fish themselves. Further, empirical evidence - some almost
paradoxical in the light of earlier hypotheses - should not he ignored. L. ventricosa, flapping
at high speed infull sun in the stream or inthe aquarium has never been chserved in the course
of this study to “attract” any leecal ereatures, any more than any other piece of the scenery.
Also, this animal flaps very slowly for long periods in the dark. Under such eircumsiances,
the nature of the “atiraction” for a fish-host would be difficult to imagine. Lampsilis sili-
quoidea, which flaps in a similar manner day andnight (i.e., with its own characteristic slower
- but “regular” movements), responds quickly to any.local water movement including the move~
ment of a fish’s fin by interrupting its regular flap movements, with no detectable response by
the fish. Lampsilis fasciola siudied for a week in the River Raigin, July, 1867 repeatedly
ceased flapping movements in response to movements of fish or erayiish in the immediate
vieinity of the flaps.
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FIG. 33. Apparatus designed by Lefevre & Curtis (1910: 166) “flor keeping glochidia suspended
in water while fish are being exposed to them for gill infections.” The force of the tap water
entering at § and issuing in fine jets from perforations in the bottom grid is so regulated as to
insure an even distribution of glochidia within the water, while preveniing them from rising to
the top and escaping with the overflow.

study  fall into 2 groups, those related
to mechanisms within flapping Lamp-
silinae, primarily, and those of broader
faxonomic ramification such as species
distribution, and fish-host relationships.
In the first group would be included:

{a} The study of microscopic anatomy
of the flaps, combined with neuroana-
tomical studies of the animal. Such
studies, including a search for neuro-
gecretory material, are in progress.

(b) Physiological studies of the
mechanism whereby increasing light at
low iiluminations can increase or induce
flapping behavior, and decreasing light
at low illuminations can slow down or
inhibit flapping behavior, as is the case
in L. ventricosa. Particularly light
(shadow) sensitive areas should be
searched for in the mantle flaps and in

neural entities such as the visceral
ganglion or pallial nerve, Relationships
between the siphonal shadow reflex and
mantle flap response to altered light
intensity might be investigated and
measured in a single species. Careful
efforts could be made to extract pig~
ments {especially from eyespots of L.
ventricosa) and perhaps to ascertain the
reaction spectrum of the mantleflaps. 29

(¢} Neurosecretory substances known
to conitrol spawning in other organisms
could be injected inte the mussels, such
as the “shedding substance” investigated
by Chaet et al., (1964) from radial nerves
of starfish, inorder todetermine whether
flapping behavior could thus be induced
in Lampsilis,

{d) The mechanism whereby some
lampsilids alter their flapping behavior

290only-Ditlon (1965: 346) in his work on spectral gensitivity of eyes of the scallop Pecten maxi~
mus, injects a word of caution into an analysis of his findings: “. . .the possibility is not ex-
cluded that other light~sensitive structures, perhaps located direcily within the nervous system
itzelf, may be contributing to the spectral gensitivity of the animal. 7
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in response to jarring of substrate or
to water waves, should be investigated,
along with the relationship between this
response and the general bivalve re-
sponse to jarring,

In the second group would be included:

(a) Tests of the hypothesis that flap
movements help to keep glochidia afloat,
employing lighting techniques (Westphal,
1965} to make the glochidia visible, and
devising means to collectlarvae at vary-
ing distances above the flapping animal,

(b) Further field studies, perhaps on
a species such as Lampsilis fasciola,
for which some living material is still
available.

(c) Systematic fish host studies,
especially with a view toward matching
the flapping behavior repertoire of a
given species of Lompsilis (time of
maximum flapping frequency, etc.} with
the behavior of the fish species.

{d) Purther comparative studies
among the species here investigated
(Lampsilis ventvicosa was confrasted
with L. siliguoidea and I. brevicula
brittsi) and other Lampsilinae, to dis-
cover the parameters of relevant flap-
ping stimuli within the subfamily as a
whole.

There is urgency in making these
studies because of the decline of mussel
populations sc often noted in American
streams. The urgency is accentuated
by the need for substantial numbers of
experimental and sacrificial mussels if
the experimental analyses are to be
adequately replicated in well designed,
statistically significant studies.
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RESUME

LE VOILE PALLEAL CHEZ 3 ESPECES DE LAMPSILIS
(PELECYPODA, UNIONIDAE)

L. B. Kraemer

L’objet de cette étude est de passer en revue les bases morphologiques et d’activité
générale des battements des voiles palléaux chez les unionides d’Amérique du Nord,
de 1a sous-famille des Lampsilinae, etd’explorer expérimentalement certains facteurs
qui peuvent compter pour cette activité frappante: les mollusques battant leurs voiles
resgemblent & des poissons en trainde nager. Les études morphologigues (prmmpale-
ment sur du matériel fixé de Lampsilis ventricosa et de L. fasciola) les études
occasionnelles dans la nature {dans plusieurs régions du Nord-Ouest de I’ Arkansas),

et les études prolongees en aquarmm sur L. ventwcosa, L. siliguoidea et L. brevicula
brittsi ont été menées de 1962 & 1965. On a trouvé que les voiles palléaux, qui sont
une extension du bourrelet interne du bord du manteau antéroventral au siphon
branchial, sont un fait permanent chez les femelles matures. Parmi les voiles de ces
3 expéces, il existe des similitudes de structure (présence de tiches “oculaires”
pigmentées, innervation par les branches des nerfs palléaux en provenance du gang-
lion viscéral), aussi bien que des différences dans la forme et la pigmentation.

Les mouvements des 2 voiles débutent par des pulsations couplées qui produisent
des contractions partant de la base des franges et se propagant vers 1’extrémité ol
se trouvent les tiches pigmentées, II g’ensuit une phase de repos, pendant laguelle
les voiles repremnent leur position initiale, avec les franges flottant horizontalement.

Le comportement du battement entraine aussi des fonctions coordonnées du pied,
du marsupium, des valves et des siphons, a un point tel que les relations spatiales
gue I’on peut considérer comme normales entre le corps et la coquille, sont profon-
dément altérées. Pour les différentes espéces, lebattement nécessite différents types
de comportements de méme gue différents stimuli adéquats (en particulier, intengité
lumineuse pour Lampsilis ventricosa et agitation de 1'eau et tremblement du substrat
pour L. siliquoidea).

L.e voile n’existe que chez les femelles matures, bien que les ]U.VEHI].GS et les miales
en aient des rudiments; les mouvements, du voile n’ont été ohservés que chez les ex-~
emplaires gravides, jamais chez les non-gravides. Le battement se produit péric-
diguement tout au long des mois d’été et on ’a vu accompagner le vidage graduel des
ovisacs et le rejet de larves glochidium conglutinées., Le battement n’a pas &té ob-
servé aprés I’émission des larves.

Deux anciennes hypothéses concernant la fonction des mouvements du voile en
mouvement agissant soit comme leurre pour les poissons qui sont les hdtes des
larves glochidium, soit comme adrateurs des branchies et du marsupium, semblent

maintenant n'@tre que partiellement plausibles. Compte-tenu des différences existantes
dans l’aspect, dans la vitesse de battement et dansla réponse aux stimuli chez les
diverses espéces, on pense pouvoir suggérer que ces différences sont des adaptations
possibles aux modes de vie d’espéces particuliéres de poissons-hdtes. Le mouve-
ment de soufflet, créé par des pulsations couplées pour tout battement du voile,
guelles que soit les espdces et la fréguence de battement, pourrait aider les larves
glochidium & demeurer en suspension dans 1'eau pendant un certain temps et ainsi
leur faciliter le contact vital nécessaire avec un poisson-hote,

A L.
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RESUMEN

EL REPLIEGUE PALEAL EN LAS ESPECIES DE LAMPSILIS
{(PELECYPODA: UNIONIDAE)

L. R. Kraemer

El proposito de este estudio fué revisar las bases morfoldgicas v de actividad

general del repliegue y aleteo del manto enlas especies norteamericanas de unidnidos

de Ia subfamilia Lampsilinae, y explorar experimentalmente algunos factores que
pueden contarse en esa actividad: el aleteo del manto simula un pequefio pez nadando,
Estudios morfoldogicos, (principalmente de material conservado de Lampsilis ventvi-
cosa v L. fasciola), estudios ocasionales en el campo (en algunos condados del noro-
este de Arkansas}, y prolongados estudios en acuarios sobre individuos vivos de L.
ventvicosa, L. siliguoidea y L. brevicauda britfsi, se realizaron desde 1962 a 1965.
Se comprobd que los repliegues aligeros del manto, que son una expansion del lobulo
interno del borde paleal anteroventral al sifdn, constituyen un caracter permanente de
ias hembras maduras. Entre los repliegues de las J mencionadas especies existen
similaridades estructurales (presencia de manchas cculares, ramificacidn de nerva-
duras paleales del ganglio visceral) asi como diferencias en forma y pigmentacion.

El aleteo se inicia en pulsaciones pares que producen contracciones, empezando €n
lo que corresponderfa a una base caudal y moviéndose hacia la terminacion del
repliegue con manchas oculares. Sigue una fase de reposo, en la que el repliegus
asume su posicién anterior, con la cola flotando horizontalmente,

El comportamiento envuelve también la funcién coordinada del pie, marsupia, valvas
v sifones en forma tal que las supuestas relaciones espaciales normales entre el
cuerpo vy la concha estan muy alteradas. FEn diferentes especies el aleteo 1mp11ca
diferentes complejos de comportamiento, asi como tambien los diferentes estimulos
pertinentes (en particular intensidad luminosa para Lampsilis ventricosa, y sacudidas
del substrato por los movimientos del agua en L. siliguoidea).

Los repliegues aparecen solamente en ejemplares de hembras maduras, aunque las
juveniles vy los machos presentan rudimentos; los mov1m1entos del repliegue se han
observado sblo en la hembras gravidas, nunca en las no gravidas. El aleteo ocurre
por turnos periddicos durante el verano y se ha visto que acompafian la descarga
gradual de 1los ovisacos y el derrame de conglutinados. No se observaron después de
1a liberacidn de las gloquidias.

Dos previas hipbtesis concerniente a la funcidn de estos movimientos del repliegue
paleal de los Lampsilinae, que indicaban ser ya un cebo para peces que hospedan las
gloguidias, ¢ un sistema ventilador para las branquias y marsupia, sdlo én parte
parécen ser verosimiles. Las diferencias enaspecto, velocidad de aleteo, v respuesta
a los estfmulos ambientales en diferentes especies, sugiere posible adaptaciones a los
habitos de las especies particulares de peces hue’spedes. Los movimientos como de
fuelle que se crean en Jas pulsaciones de los repliegues del manto, sin tener en cuenta
especies o frecuencia del aleteo, podrfan ayudar a Ia gloquidia a permanecer gus-
pendida en el agua por cierto tiempo, facilitando asf el contacto vital necesario con
el pez hospedador.

J. J. P
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ARCTPAKT

MAHTUPHER KTANAH ¥ TPEX BUNOB LAMPSILLIS
(PELECYPODA:UNKHHDAE}

IYW3A P. KPEMEP

B HacTc ATRHE HaRTef  o830p MOpEoACIUMKY W ASHTRILHGO TH M

KI&N&H® ¥ CoBepO-AMeDMESHCKMKE  YHEUOHVA U3 CeMedcTr Lamsilinae,

OPHUEOAATCA HAaHHHe KCHeDVMEeHTANLHOTO MOCJASAOBAENE  HeRCTOpPLX

@ MOTYT O0RHCHUTE 2TV WHTSDECHYID aKTWEHOLTH.
v HECKOARKG HANOMWESET HeOCHABIKE UJABANLMX DEICK.

MopPGOROIMEe cKHe MCCIBI0RARMS ( MIABEHM oODA3OM  Ea OURCHRO
prase no Lampsilis ventvicosa W L. fasciolz), cIyualHie OodeERke
HEKOGTOPHX paloraX CceBero-salafsclc APKAaH3&CE) W EJUTEJb
W yUueHMEe ¥MBHX L. venivicosa, L. siliguoidea w L. brevicula brittsi IRCEC
nepuol ¢ 1862 no 1965 1r.

ERIO HafleHo, uYToO MaHTHHHNE KIAU&EB MCINOCKOR, KOTODHe NNpercTaBidnT
cof0ofl BHPOCTH BHYTpeHHeH HoDacTW Kpag ME MAHTYY W HAXOAATCS ANTEDO-BeHT-
PEABHC OT  CROBXVMEABHCTC cUdOHAa, BCarfia WMERTCH ¥ DOJ0BOIPEeJHX CAMOK,
Cpell KIAN&ZHOB YKE&3AHEHRX BHEEe MOARNCHKOE, CYHECTBYRT Kaf CIpyRITIYpRpHOS
cxoperee  (Hajguuue IIASHBEX OATeH, WHHEDEAUMA BeTBAMM MAHTHHHEX HepBOn,
OTXOAANMX OF BHCUSDPaAbHOO TaHraWM#), TaK WM pasauuud (B oSmel dopme wu
IV TME BT 8 HHM ) -

DEMKEeHUA JTUX KIANSHOE BHIHEARTCS HOapHoft nynncammefi, dxaroiaps WX
COKpaNEHNAM, KOTOPHE HAUMHAKTCE ¢ HX XBOCTOBOW YaCTW ¥ WMAYT RBOeped, K
TEM KOHUAM XKIanaHop, [Ae MMeRTcH [EA3HHe HETHa. 3aTeM CleiyeT ofpaTdHssd
dasza, KorEa KAANaHN OPUXOHET B VCXGAHOE [OJOXEHME, WM KOHUHE KX DAachiQilb-
rapTed TOPMBOHTALEBHO.

PatoTa xranaHos BRIDYZET TaK¥e KCOPAXHWPOBSHHME IBUESHWUA HOMM, Map3y-
Oves, CTBOPOK W cudoHOE, B TOH cTeneHM, B KaxKol OIpenlolarseMoe HOPMATIL~
HOe HpoCcTpaHCTREeHHOS OfHOmeHWs MewOy TeJcM M PaKoBMHOR Hautonee BHIOI-
HO. Iid pasiuudbX BUAOE KOolefaHud KIANSHOE CEX3&HH K&K ¢ DaZIVUBBMA IO-
BEASHUYSCKUM KOMILISKCEMM ¥ MOIJOCKOB, TaK W CTUMYXaMI W3 BHemHelt cperpm
{ocoéeHHo TaKKX, HKaK MHTeHCHBHOCTEL cheta ansa Lampsilis ventricosa 1 jpyxcHUC
BONH WaW BMOpaumf cyfcrpaTta Axs L. stliguoidea).

KranaHu pasBUEaRTCHd TOARKCO ¥ IOHCBO3PEIHX CaMOK, B TC BPEME KaiX y MO-
OOV ¥y caMiioB OHBAKT TOABKC WX  PYAUMEHTH. ABWUXeHWA KISHau0p HaOIRA&-
0TCH ToJABKC ¥ JepeMeHHHEX CaMOK, [BMXeHye KIAlaHOB MOXeT NDOUCXOAMT: AAK-
TEABHO B TeUeHME BCeX JeTHAX MecfleR ¥ COUDOBOKAATLCR HOCTeNneHHHM CHopo-
WHEHMEM SHUSBHX CYMOK M BHCEBaHKEM KOHTWRTHMHATOB. [locke BHXOZA IIOXMAWESB
ABUMXEeHWE KIalaHop NpeKpalasTcs, PaHee BHCK&38HHHE [UIOT&3H, OTHOCHTEIBHO
PON¥ ABMESHWSA KIallaHoe ¥ Lampsilinae, Bua¥Mo, cOpaseZivel  JIMME OTYaCTH.
Tak, CUMTANOCH, HTO ABUXEHME KJANAHOB CAYEMT "npuManxofl" Imd pi6-xosges
PHOXMAMEeE M 4YTO 5TO ZBUXeHWEe CAYRMT AXA aspaldy xabp U Mapiymuen. Pasay-
9Me B CHOPOCTH IBUXSHUA KISIAHOB M B OTHOWNSHWN. X daXTopaM cpelXs ¥ pas-
JMYHBY BUAOB MOINERCKOB HpefnolarseT BOBIMOXHOCTL CYHECTBORAHMA amanTaluit
FABHEASATENBHROCTH MONIKCKOB K CCCOSHHOCTAM o0pa’a W3HM PasIMUHHX DHE-
X0oasesn,

LBMkeHrs, HaooMMHALIMe padoTy MeXoB ANd pasiybapud, OO YyCIORIGHIEE
napecoft nyakcanve Beero annaparta KAANBHOB (pHe BABHCHMOCTH OT BUAA MOI-
HNCKE WA OT YacTOTH Kolefaunil KISI&HOB ), MOXET TOMOTATH HIOXUAMEM OCTE~
BAThCA B TeueHMEe HeKOTOporo BpeMeHM B BOAEe BO BDIBGNEHHOM COCTOodEMU U
TAKMM 00pasoM oOXeIdaTh FUIHSHHOBAXKHYLD LJR HYX BO3ZMOKHOCTE KOHTAKTAa ©
PHO aMI~X03 Z&BaMA ,
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