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YRR & series of careful streant surveys of the mussels in Michigan
diinage systems some years ago, when these rivers stii] yielded an
imdhimee of nakades, it was shown {H. van der Schalie, 1988, 1934,
EHE 195, and F8) that massel distibution Can serve to intcrpmt\
posighiciad stream confluences. In spite of the large amount of Laceual
stormation wdduced, there are still some (W, |, Clench and | 22 0N
MeMichael in Ann, Rpt. Amer. Mal, Union for 1954:12) who would
prefer to have birds or other passive agents account for the pitterns
sbdistribution. Tnoan effort 1o understimd hetter (he biology of 4 key
Secies such as A efinomains ellipsiforinis and to relate these daea 1o
Iy striking distribution pattern in Michigan (Fig. 1), additional in-
frmation an s ife history and ccology has heen obtained, Originally
this study wies intended 1o be sulliciently broad in scope o inciude
the hsh-hose relations and, it possible, a life hjsl.ory ol the mussel in
i flowesystenm in gur laboratory, That venture has, as yet, not been
possible, but sufficient daa have been obiained on the development of
diese animals, based on field work and many serial sections of the
poriads, to provide an understanding ol the periods when eggs and
P are formed and of the season when the glochidia are shed to
mfeet the proper fish host.

Fhe site for most of the collections has been Ore Creck, a small
ek helow Flartland, Livingston (jmmty, Michigan. One s always
phnvesseed in traveling nordy, from the Huron River drainage o the
Mginaw system, by the low, ahnost imperceptible, divide between
tose drainage systems. It s even more mipressive 1o realize (hae
Aetinanains ellipsiformis has never crossed that Tow divide (o enter
any of the streams of southeastern Michigan, nor has Lampsilis fascioly
managed o feave the latter region to enter the Saginaw, or any of the
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west-Howing streams of Michigany (Fige 1) This Geunal velationship
is defisite, but there is need o emphasive a dificalty thae arises whew
those not Fansiliay with paiad systematies misidentily species that sugper
ficindly appear shmilin, Actinonaias ellipsiformis is often mistaken fo
aoconnmon, wideranging smadl species, Micromya irfs (inore recenth
named Fillosa ivis), in Michigan, Fo s nportant that these species be
ditlerentizted, o assist In keeping them separate, they are figured
here (Plae 1) Some of the essential shell characters are as [ollows: 4
ellipsiformis has a thicker shell, heavier hinge teeth, a ine and almoy
inpereeptible beak senipture, a ray pattern consisting of many foe
wavy vays, and a post-basal margin thae dips (mainty in females). All
these characters separate thig .\‘h(rli'(:le;n'ly frons Micromya ires,

Over e years Aciinonaias ellipsiformis has been known under a
arviety ol names, Conrad (1836) described it as Unin ellipsiforms,
while Lea (1845) used Unio spatuletus, Call (F00) used the latier

AULNELON N,

[LELY 2

XaLATYILD X

CANADA

=
e
"4’

»
LAl
T

L RIT

e, b Distribution of Actinonaias ellipsifornds (Convad), civcies, awd Lamn fiilis
faseinla Rulinesqoe, tiangles, in Michigan, The dark square represents (he vegion
in the Ove Creek drainage at Hartland, the site from which specimens were tiken
for gonadal studies. Note proximity of streams in the drainages and the strikingly
sepavate distribution patterns.
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mone; FooO. Baker (1898) also used spaiulatus, but referred it to the
senus Langpsilis, Simpson (1900; 1911 adopted Lampsilis ellipsiformis
donrad). Most authors since then have used the species nane e/ psi-
tes, but there has been more than the usual amount of disagree
ment as o the proper genus to which dhis species should be referred.
ihe cholces seem to range lrom Lampsilis  {(Scammon, 1806) 1o
Nephironaras (Utterback, 1916) o Eurynla (Micromya) venusta (Lea)
ahvtmann, 1918y to Ligumia (Grier and Mueller, 1923; F. €. Buker,
Hsy, The generic status of the species in the Lampsilinae remains an
open question since too little 18 known, as yet, of the detaily thay
whate to the anatomy of these genera. However, there 13 no question
fan that the characters of the shell of this species refate it more with
Aviinonaias than with what is generally considered a vypical Lam psilis
s ligumia or Micvoipye (Ewvynia or Villosay, Call (19003, Urcerback
duin)y, and others have referred to rhe error often made whes this
wecies iy mistaken for the young of detinonaias carinala (Bavoes), the
seibknown “Mucket” in the button indusury,

o

The distribution pattern ouside of Michigan deserves more atten-
aon than hitherto given it Since this mussel usually inhabits small
avers and does not avain a size that would make it uselul for button
sanufucture, it has not generally been cited in the papers that deal
with mussel surveys. Dryant Walker (1892), in an early account of the
diell-bearing mollusks of Michigan, indicated that Convad's  type
specinens were originally from Michigan, The records available in
our collections and those cited in the literature reveal that it ocours
m northern Indiana, Iinois, Wisconsin, Towa, Kansas, Missouri,
Oklihoma and Arkansas, Dawley (FHT) did not record e in Minne-
Wi, iU does not oceur i the Mississippt River proper except as a
vther rave species in the region of Lake Pepin {Gricr and Muelier,
Bl HL oand AL van der Schalie, 1950}, In the west and southwestern
ot of its range, some clarification is necessary since Ortmann (19018)
s expressed the opinion that “Lampsilis” venusia, L. ellipsiforuns,
aed Loopleasi are ali the same; Frierson (1927} lists them as separate
species.

In order to understand better the life history of AL ellipsiformis,
coliections were made to determine the size, age, sex, and the state
of gonadal development during each month of the year, but only a
few andmals were collected in the very coldest period (December to
Aprily when little activity and development is in evidence in this
latitnde. While most of the animals were taken from Ore Creek below
Hartland, Livingston County, Michigan {Fig. 1), specimens for com-
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piison were eollected slso in Cranberry Creek; near i T

the Shiawassee River at Byrom, and in the headwaters of the o - ¥

River abaove Jackson (Flansburg Road). The data obained i«

specimens in these collections were tabulated o determine: b

diie, fength of shelt in mitlimeters, number of annuali, aud why.

or not gravid, "This information is given bere only in summniay too

As oo member of the Lampsilinae, Actinonaiay ellipsiformn b

typical long-term (bradytictie) breeding cyele in which (he il

& come gravid in the Iate sunnner and carly full and the plochadie o
shed in Tate spring or carly summer, It is not unssual 1o hid .-
specimens becoming gravid while others have not entirely shed
glochidia ol the past year. In any case, the gills become highly niw -
so that 1t is velatively easy 1o count the nuimber of ovisies prevn:
the posterior portion ol the outer gills. ¥. C. Buker {TO2R: 261w
“Marsupium occupying posterior ball of ouer giils, consisting
about 20 ovisaes.” Our data permitted a comparison between e o«
ol the females and the number of ovisacs in the gill on one side o
aninal, When these figures are compared {(Fable 1) it is eviden -
there is a relation between the size (or age) of the aniinal and
muber of ovisacs, The average ol 20 on one gill given by Baloer o
good average for females that are 5 years or older (between 15 .
52 i, long).

Among the many spechmens sectioned it was evident that the fresisd
remained inoan undeveloped state until the third year; it owae s
possible to detenmine the sex of anfmals in their secoml venr i
distribution of age classes in the 218 specimens of Aciinonalay ¢
Tormis stadied was as follows: Age, 2 {numbher, 12); 3 (38 1
DR 6 (B0} T (128 (99 (2 10 (N 11 (0312 (2), As it
ed, the range in age of the mussels cotlected throughout e -

‘ portion of the vear is 2 to 12 years with mast of the group in i
to G=year range, It has always been a matter of concern in colle. - ‘
fresh-water mussels that so few young appear at many of the s -
In these sitnations the distribution of the age groups as YO s
may reflect untavorable conditions that are hecoming more and » -
aceentwated as many Michigan rivers are increasingly subjesied
adverse indluences, such as power dam construction, pollutio,
silting. For example, Ore Creek has changed considerably in the v
year period during which specimens were collected Tor these s o
While carly in the program (1954) one could find an abundinee o s
ellipsiformis in the crock just below the dam at Harthand, e s
struction of a superhighway has almost eliminated tire fauna fron o
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TARLE |
RILANGN OF Stz (LENGTI 1N MM 1o Nustnes oF Ovisacs {on oar G

IN Artinonalas eflipsiformiy

o W-v Number of Ovisacs on one gil Avprage

ahotomm)
12 G B 9.0
11 .
4 M i0.d
k] 16 11 10 133
RtH 1} 9 15 2 110
4 H 9 D 11.3
RG] 15 L HR
4 12 13 13 12 12 14 15 15 4 ... 133
] il L 1.0
i 16 T T 1h.0
o 55 00y 16.8
i 14 ih is G 13
H iN 1 14 a0 HY 20 ig 18 20 ... 144
15 18 21 8 18 21 19 200 0000000 19.1
1t 21 2 9 oy 18 18 o0
17 17 13 18 22 24 20 B 19.1
B 20 22 22 zl:zl‘.:
19 24 20 20 20 20 8un
NE 20 o 2010
I 19 20 20 Voo Lo 100
Wl W A, P 211 % 1
vl 23 2()2["»
kH 25 0. T . /'
i 2 .. : 25.0)

“enn there, More recently o dam has been constructed on this creek
oo Parshallville so that an extensive zone in the valley has now
sra formed into o lake, A species conditioned Lo life in riffes is not
A to persist with such a drastic chitnge in its ecology. |
& hus become inerensingly important o find i means Lo determine
weage ol mussels, especially in studies in which they {“clams™) are
b measure the mmount of contamination in fallout with Stron-
s M0 (DL ] Nelson, 1962y, The method employed here has been
crwnt the number of annuli shown on the shell. In some groups,
<l those that live in lakes, the prominent annular growth rests
wwicon the shell are relatively easv w see, but in a small Species
oo dl el psifeemis the growth incremends are unall and @Ry
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o
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20uEs 10 18 almost impassible to make an ACCUTILE COUTLL
deannull. For practical purposes, the aging as shown in our tables
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is reasonably accurate, but there is a need {or the development vk
wechnicues that would give hetter results.

Only occasionatly is it impossible o determine whether an andnet
is o lenate sinee they nopmaily have marsu)is distended with ghochidis
One sectioned gonad of a specimen (P41, Tower righty shows how the
Gssue of a female can be so crowded with developing arermatode pus
sites  {(in this vise with growing Macrocereuslike cercariae) it th
animal becomes sterile and eggs then fail o reach the maysujsd
the gills, OF the 218 mussels previously listed only 1 were parasitie’
a1 of them from one locality near Byron, Michigan. In the case vl
male (PL 1, lower teft), the infestation was relatively light and Luw
munihers ol sperm were still being produced. Undoubtely there o
sites where infection might run high and most of the [emales ci
be rendered sterile by PArAsiLes.

Whether male o lemale, sexual maturity is usually not st
undil e aninal reaches the third year. Such immature animals app
a5 unsexed in the tables. Although most of the animals colleces
were sectioned 1o enable an analysis of sex andd ity developmeni. oo
one hermaphrodite was discovered, This case was 50 unustal e
warrants special consideration and it will he discussed i oaoanee
seady dealing with hermaphroditism among the [reshwater nme
Although vandont samples [rom several sites produced a preponss
ance of one sex over the other, the sex ratio of the gotal mumber
ied clearly gave an almost one to one ratio—130 males o §OR fens
(Table 2).

DuveLoraenT oF MaLr Gonan.—Many males were sectioned
amount ol sperm produced is prodigious. The illustrations (%
indicate that .\‘.pcrma|:r)gcncsis can be found during all manths o
VAT, During the active and growing season, which i Michiss -
between Aprid and late October, mature sperm are most comne i
the middle of May into July. In August, the seckioned spcuinwm I
adicated that wost of the gonadal tissue was active with the »7
functioning to produce arly stages in spcrnm{ngcncsis. These s
penmain in o developing state and evidently are shed as mature e
in late spring and carly sunpuer.

PrvELoPMENT OF FEMALE Gonan.—~While the glochidia of
vious year are still carsied in the ovisacs of the outer, posterior i
females, the gonads in Aprit (PL 11, upper lelt) contain many o
carly stages ol development. In this condition the walls of the
are ustally thick and have many eggs and nurse cells in early ster
development. The cggs enter the lumen of the acinus in iness
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winnthers, but ic i only towards June thay they begin to show an en-
ening vilelline membrane (PLOHL upper righi). By the middie of
Iuly most of the eggs, sull in an anlertilized state, have moved 1o the «
pills where they wre fertifized and carried untl the following spring
andd enrly somaner, In August the gonad again shows nuny eggs in
carly development and the marsupial gills become charged with devel.
sping cggs and glochidia,

Fhe many gonads examined appeared to be in an active state
thraughout most of the year, As a consequence, there is a virtua) over-
hap inthe gravid state of females so that one can find individuals in

TABLE 2
NUMBER AND BEx Ravios oF Adetinanains ellipsiforuls ONRADY COLERCTED GvIR
Faar Siasong (HGE=-T962) 1N Sorrrern. Micican, *
J_Iilll. Febh, Mar. Apr, May June July Ang. Sept. O, Nov. Dee, g Totul

G ey . 17 24 28 i 4 17 4] i ) 108

Nt
Guwid (@) 8 G #8 46 12 8 w5 8 130

*hnall, these numbers represent 1R coblections made throughout the year vield-
s tord of 298 specimens. The proportions of males and femades taken a any
e of the stations were not ac all inoa one 1o one vatie, hut when the total ntmber
is considered they ave in about equad nusbers, Fhe few gravid specimens found
orhe sumamier July and August) is a characteristic pattern for such a long
term breeder, Bis unfortimte tha ene never finds more than o few at a stalion
s when one visits the sjte ar monthly iutesvals the probiem of depleting the
fasna becomes a real one.

August that have noy yet completely shed glochidia produced (rom
cgus of the previous vear, while other females in the siume collection
may be sterting to become gravid with cggs produced during the en-
susing year, Consequently, with the typical madification of pusterior
outer gills among the females, ic is usally easy to determine the sex
of animals without sectioning them. Most of the specimens examited,
wmeasined, and aged, were found to five been properly sexed [B3%
examining the gills for marsupia and the branchial mantle edge lor
papillac. In addition to the modified marsupia (many of them gravid),
there ave papillae present on the mantle edge buack of the branchiul
siphon where the mantle itself not only is thickened but usually has
i black or brown pignientation,

The glochidium (P, I, center lefty of Actinonains ellipsiformis has
not hitherto been figured. Jt compares very [avorably in outline and
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geneval wppearance with that of Aetinemaias cavinata {formexly
Lotin prsifiy ."/gm:uwf/:m) as Hlustrated by Suber (082, plo 1, fig, i8).
s mcasuresments Jor that species are: 1.220 260 mm; an average
ol 7 glochidia of A, eliipsiformis mounted and measured with an oo
L micrometer by s was 0.287 ¢ (0,985, The glochidin of this SPCCIS,
which iy t'nnsi{lcr:al)iy snudler in is adult stage, are, nevertheless, Larger
than those of A, cavinatg, g species known as the “Mucket,” and o
of the hey I)nr.l.m'x-pm(fu(:ing shells.

Like muany freshowater mussels, A, ellipsiformis occupies a very
delinite ecologic niche, As can be seen by examining the map of gen-
eral distribution (Fig, Iy, it appears 16 be maost common  in siaall
rivers and ereeks. This observation is strengthened by data obtained in
@ survey ol the main portion of the Grand River (H. van der Schaljc,
TO8:6-7) where it is clearly shown o be very rare in the main portion
of the river between Muir and Grand Rapids. During the past seven
years many collections (marked by & square in Fig. I}y were mude in
e Creek, the siream that served as a NN source of supply lor
speciniens used in the seusonal studies of gonudal development, Only
those poriions of that creek where the hottom was rough gravel and
sand, with swift 10 moderaie current, yielded nwmbers sufficient fo
the series needed in these studies. The specimens  were obtained
usuatly by dragging a heavy meshed sereen, mounted on a pol,
through the bottom 1o remove the gravel substrate and sieving 11
vigorously; small series of mussels were [ound among the stones and
grivel,

In view of the well established relationship between mussels anl
fish hosts, on which they must develop, it wag suspected that u fih
wight be found, in rifiles llowing over a coarse rocky bhottom, tha
would ive a distribution pattern in Aickigan similar to thit observed
Lor s mussel (Fig. 1y, I there were suech a fish, it would be possible
Lo test it as a possible normal host, The work of completing the Tile
history of A, ellipsiformis would then be made much easier. 11 unned
out that none ol the species of fish that are known to oceur with thi
mussel, nor any species of fish of known distribution in Michipas,
actaally shows o pattern that could be superimposed on, or could
mateh, that of the mussel; most of them have a far wider range i
Michigan, By the same token, it is now evident tha in jis chariores
istic pattery this mussel is far more conservagive n extending its ring
thin is its fish host. While in this case judgment may be prematne.
it has been evident from most studies of mussels and thejr rebation
to former stream confluence that, because of demands for timing i
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dewr lle cycles, mussels are indecd very helpiul in esfnhlishing pre-
saed lmshg%:l('ini dyrainage relationships {vitn der Schalie, 1963,

On 25 June 1959, Bish were seined in Ore Creek, just below Hurt-
i, Livingston County, Michigan. 'Fhis seining wus done under ideal
siitions with the weather sunny amd fair. The lfollowing 16 species
it were taken: Lepomis megalotis (Long-cured Sunfishy, Lepomis
sihasys (Pumpkinseed), Notropis  cornielus {Common  Shiner),
Sabrafits hieterolepls  (Blacknose Shiner), Semobilus atvomaculalng
Geek Chubyy, Campaostona anomalum (St(mez'ulier), Hybo[).vi.s' higit
she (Hornyhead Ghub), Catostomues commersont  (White Sucker),
Fouefliiles nolatns (Blunwmose Minnow), Poecilichihys eqernleus
iLinhow Darter), Boleosoma nigrum (Johnny Darter), Catanotus
Shellavis (Fanail Darvter), Perea fluvescens (Yellow Perch), Umbra
o (Mud Minnow), Labidesthes sicculns (Brook Silversidesy, byox
sius (Northern Pike).

SarARY AND CONCLUSIONS.—Tn Michigan, Aetinonaias ellipsiformis
e a circumseribed distribution pattern; formerly it occurred only in
eams of the southern hall of the Lower Peninsula which flowed
cvard Lake Michigan. During periods of confluence it eniered the
sgimaw Bay drainage, but it has not migrated into any ol the streants
+southeistern Michigan draining into Lake St Clair or Lake Erie
tiis mussel inhabits mainly small streams and in this respect it
aapplements the only other specics of  the  genus in Michigan,
bmonaias cavinata, which usually inhabits the harge rivers. Within
S wnal] streams 1L appess Lo be restricted to zones with firm bottom
aaditions consisting of sand and coarse gravel which are subjected to
sadevate or strong current. Although it wis not possible to determine
e sl host mnong sixtecn species seined in the habitat, it is likely
Bl the natural host will be a fish that [requents a stony bottont in
e sifiles. None of the fish seined have the restricted vange ol this
sinael,

Over a period of seven years specimens of A. ellipsiformis were col-
rued during the seasons when the animals were active to permit
keological examination of the developmental conditions of the
aadds, This species is a typical long-term (bradyticticy breeder; the
ades have developing sperm in most scasons with mature sperm
gpearing especially in the spring; the Temales produce eggs in the
t5fl d spring. The eggs pass to the ovisacs in the gills in late summer;
here they develop into glochidia that are shed in late spring and carly
sunmer of the following year. The gravid periods of the females often
wetlap, The animals do not become sexually mature until the third

e S
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vear of growth; the Lrgese individuals reach a lengtly of abow 2
anc most individuals in the populaton die belore the wnth
nnbher of ovisacs varies with the size {age) of the individuaats
range Irom 9 per outer gill in the youngest to 25 modhe ol
antined,

The rapid changes v streams of Michigan make 0 o o
dilheult 1o find sites Tor carrying out life history studies ot & .
such as this one. A field and laboratory stady designed o dess
the nornal fish host is contemplated,

Acknowrrncaents—The photographs were made by v |
Burch; Suzanne Runyan prepared the plates) some of the v
[rom the held were collected by D. 8. Dundee, Bonilacio 1.
W H. Heard in the course of excursions undertaken for b
studhies; Garter Gilbert assisted in collecting the fish and e
thent, We are indebted to all of them for thelr assistance.
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PLATE 1
Ureew 1arrs Characteristic appewrsnce  of  shell  of  Aciinonaias  etlipsiformis : [ i
{Convad). N o

Urrrr Ricue: The shell of Micromya iris (Lea), more recenily named Fillosa Iris
{Laay, showing the dilferences as compased with A, ellipsifornis.
Cexrer Lurr: Glochidin of Ao ellipsiformris, X 40, Actual size, 0237 X 0285 mu. . ;

Cenrer Ruciers Glochidia of A, ellipsiformis as scen in a4 section of a gravid
gill, > 40,

Lowsw berr Gonad of a male A, ellipsiforinis showing the way spermatogenic
tissue is crowded oul by a devcloping trematode parasite, X 40,

Lowrr Rioere: Fenale gonad of A, elfipsiformis with trematode parasite devetop
ment eroweding out developing eggs. This animal alo did not have glochidia
in it gill wavsupia while those not parasitizved did, X 40,
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PEATE DT

Uprier Liaer: Male ponad showing cirly spormatogenesis inoa specimen killed sl
fixed 26 April, 1962 nate that masuye spemt do not yet occur in these acini,

® A0,
Upern Ricires Male gonad in carly suminer as seen in a specimen killed and fived
June, 10950 note that many mature spert occupy the center of 1he aeit

on 20
toregions, A0

with spermatogenesis taking place only in the outes, periphera
Male gonad in carly fall (30 September, 1954 with all of the matwe
preparation for the next s

Lowsr Terr:
sperm shed and spermatogencsis starting in
A

Lowesr Ricer: Male gonad in the d

ate fall 21 October, 1960) with very active spes
wding to the condition shown in the upper left of this plate

R

matogenesis e

e

#
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PLATE 11

Urive Lewr: Gonndal acing of an animal in the spring (fixed 7 April, 1960): ot
that the walls are relatively thick and nuny eges are budding into the hiwen,
A, .

Urevrr Ricin: Scerion of » gonad of an animal in carly summer (25 June, 199
showing that rhe walls of the acini hecome thin and the CERs are surraiided b

viteRine membranes, X 40,

MmbLe Lerr: An enlarged acinus showing crowding of egps i gonad duving e
strmarer; the spaces helween cggs vesalt from shrinkage in the provess ol deby
dration, X 200,

Mmne Rucnr: Marure e of gonad at left, X 400,

Lowra Leper Farly fall (8¢ September, 1954) condition of gonad with oogreneds o
an earty stage with the walls of the acini again becoming thickened but andy s i & 1.::'
few cggs are entering (he hnsen, X 40, : b

Lower Rienr: Later fall (21 Octobes, 1960) condition of fomale gonad with the
walts of the acini again thickened and appreaching the condition {upper iy
found in the spring of the year, X 40,
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