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AFTER a series of carelul strean1 surveys of the ~~lussels in Michigan 
drainage systems some years ago, when these rivers still yieltletl an 
abuntlance ol naiades, i t  was shown (H. van der Schalie; 1938, 193'3, 
19111, 1945, and 1948) that mussel tlistribution can serve to interpret 
post-glacial stream conlluences. I n  spite of the large alnount of factual 
inl:onnation adduced, there are still some (W. J. Clench ant1 D. F. 
Mt:Michael in Ann. Rpt. Amer. Nlal. Union for 1954:12) wllo ~ i ~ ~ u l t l  
prefer to have birds or other passive agents ;recount for the patterns 
of distribution. I n  an elfort to untlerstand better the biology ol ;I key 
species such as Actinonnirrs ellipsifo?.,mis ant1 to relate these data to 
its striking distribution pattern in hilichigan (Fig. I), addition;~l in- 
lor~rration on its lile history and ec:ology has been obtainetl. Originally 
h i s  study was inlended to be sufficiently broad in scope lo inclutle 
the fish-host relations and, i l  possible, a life history ol the inussel in 
a flow-system in our laboratory. Tha t  venture has, as yet, not been 
~>ossible, but sufficient tlata have bcen obtainetl on the tlevelop~llent of 
these animals, based on field work ant1 nlany serial sections o l  the 
gonads, to provide an understantling o l  the periotls when eggs ant1 
sperm itre l'ormcd and of the season wllen the glochidia are shed to 
infect the proper fish h0s.t. 

The  site lor illost oU the collections has been Ore Creek, a small 
creek below Hartland, Livingston County, Michigan. One is always 
inlpressed in tritveling north, lroln the Eluron River drainage to the 
S, aglnaw .' system, I)y the low, almost imperceptible, divide between 
those drainage systeins. I t  is even rnore i~npressive to realize that 
Acti7zonclias e l l ips i fo~mis  has never crossed that low divide to enter 
any 01: the streams oC southeastern Michigan, nor has Lnrnpsilis foscioln 
managed to leave the latter region to enter the Saginaw, or  any of the 



west-llowing stre;tnrs ol' RiIichigan (Fig. 1). 71'llis laulral relationship 
is tlelilrite, but  t1ie1.c is ncetl to elrrpllasize ;I tlifIiculty that  arises when 
tllose not I'alrtilial. wit11 nai;ttl systeluatics misidentify species that  super- 
fici;~lly appear silrril;ir. Actinonrritrs el1ip.sifol.rt.r is is olten mistakelr lor  
a corrrnron, wide-ranging slrlall species, i\/licl.ortzyn ivis (nlore recently 
nanrctl T'illosa ;?.is), i n  Michigan. I t  is iniporcant tll;tt these species be 
di{l'cl.enti;~tetl. 'To ;~ssist ilr keeping thern separ;tte, they are figured 
here (Plate I). Sonre o l  the esselrtial sllell characters are as lollows: A .  
elli~si[o~.ttri.s hits a thicker shell, heavier hinge teeth, a fine a n d  almost 
i~rtl)crceptil)le beak sculpt~tre,  a ray l)attern consisting of many fine 
wavy rays, ant1 a post-1xts:tl nlargin that  clips (lllainly in l'enrales). All 
these cllal-;tt.tcrs se1,ar;tte this sllell c1e;trly l'ronr Mic~.ott.rya i7.i.s. 

Over tllc years A ~' t i lr  o,~rcricts elli;bsi\ol.tl.r is has Ijce~r known under a 
varicty of lialrles. C:onr;ttl (18S(i) tlescribetl i t  as U n i o  ellipsi\o~~tzis, 
while Lea (1815) used IJrrio spni~rlntzrs. C;111 (1900) used the latter 

I I I)isrt-il)citio~~ o f  Acli?~olrtticr.v rlli/).\ifor-111i.r (C:onr;~tl), circles, ant1 I.anr[~sili.s 
ftr.\cioln I<;tlitrcscluc, Irianglcs, ill R4ichiga11. 'l'hc tla1.k square represetits the region 
ill rllc Ore (:I-eck tlrait~agc ;it Hartl;rltd, lllc sile frotrr which specitnens were taken 
for #o~~;ttlal sc~ltlics. Note p~ .ox i l l~ i l )  of stI.catIIs irt the drainages anti the strikingly 
scjxtt.;~te tlihlt.ib111ion patlerlls. 





pariwn ~ ~ e r t !  collected also in Cranberry Creek, near its junction with 
tlle Sl~i~rw:~ssee River ;it liyron, and  in the headwaters of tlle Grand  
River a l~ove  J;~t.kson (Flansburg Ko;rd). T h e  d;lt;l obtained from 
slxcinlens in these collections were ta l~ula ted  to  determine: locality, 
(late, l eng t l~  o l  shell i n  nlillin~eters, number  o l  annuli, ant1 whether 
01- not gi-avitl. T h i s  inlorm;rtioll is given here only in  sununary form. 

:\s ;I menlbcr of the Lanll)silinae, Arti~rotxains ellipsifol-nzis has a 
tyl~ic.al 1ong-tel.nl (I)ratlytictic) breetling cycle in  which the gills be- 
conle gravitl in the late sumruer and  early fall and  the glochidia are 
sl~etl in late spring o r  early sulnmer. I t  is not  unusual to find some 
sl)ecin~ens beconring gr;~vitl while others have not  entirely shed the 
glochitlia o l  the past year. I n  any case, the gills become highly nlodifietl 
so that  it is relatively easy to count the number  of ovisacs present in  
the posterior portion o l  the outer gills. F. C. Baker (1928:264) stated: 
"R~1;rrsul)iunl occlrl~ying posterior half of outer gills, consisting of 
a l ~ o u t  20 ovisacs." O u r  tl;lta permitted a corrrparison between the size 
of the Seln;rlcs i~nt l  tllc n ~ ~ ~ n l , e r  o l  ovis:tcs in the gill on  one side o l  the 
;t~litl~i\l.  Wllell these figures itre conlparetl (Table 1) i t  is evident that  
there is a relation 1)etween the size (or age) of tlle aninla1 ant1 the 
nunllm- of ovis;rcs. Tl lc  average o l  20 on one gill given by Raker is a 
gootl ;~vel-;~ge for l'eniales that  are 5 years or  oltler (between 45 a n d  
52 111111. long). 

A ~ n o n g  the Inany sl~eci~llcns sectioned i t  was evitlent that  the gonads 
1.enlainet1 in ;In rrntlevclol>etl state unti l  the thirtl year; it was not 
1mssil)le to clctcrn~inc the sex o l  anilnals in their secontl year. T h c  
tlistril)ution of age classes in  tlle 218 specinlens o l  Actinonnins ellipsi- 
lo~t t r i s  studietl was as lollows: Age, 2 (ilunlber, 12); 3 (38); 4 (52); 
5 (58); (i (30); 7 (1 2); 8 (9); 0 (2); 10 (3); 11 (0); 12 (2). As indicat- 
etl, tllc I-;rnge in age ol tlle ~nnssels collectetl throughout the active 
portion 01'  the yeai- is 2 to 12 years with nlost of tlle gl-oup in  the 3- 
to (i-ye211- range. I t  11as alw;~ys been ;I nlatter 01' concern in collecting 
l'rcslr-w;~tcr nrl~ssels tllat s o  Sew young appear a t  many of tlle stations. 
111 those s i t~r ;~t ions  the tlistril)ution ol' the age groups 21s represented 
111;1y 1.ellet.t rrnI'avor:tl)le conditions that  are l~ecoming more ;ind more 
;rc.c.entuated as inany R~lichigni rivers are increasingly subjected to 
atlvel-se inlluences, sncll as power clam constl-uction, pollution, a n d  
silting. For ex;mlplc, Ore  Creek llas changetl consitlcral~ly in the seven- 
year ~ ~ c r i o d  tluring wllic.11 specimens were collectetl Sol- these stutlies. 
\/Vllilc early in  the progi-;rnl (1954) one collld find a n  abuntlance o l  A .  
elli/~.si/o).rtri.s it1 the creek just I~elow the dam a t  Hartlantl, the con- 
st1 uctioil o l  a supellligllway has almost cl~ininatetl  the launa fro111 the 
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TABLE 1 

RELATION OF SIZE (LENGTH IN M M . )  TO NUMBER OF OVISACS (ON ONE GILL) 

stream there. More recently a dam has been constructed on this creek 
below Parshallville so that an extensive zone in the valley has now 
been formed into a lake. A species conditioned to life in riffles is not 
likely to persist with such a drastic change in its ecology. 

It has become increasingly important to find a means to determine 
the age of mussels, especially in studies in which they ("clams") are 
used to measure the amount of contamination in fallout with Stron- 
tium 90 (D. J. Nelson, 1962). The  method employed here has been 
to count the number of annuli shown on the shell. In some groups, 
such as those that live in lakes, the prominent annular growth rests 
shown on the shell are relatively easy to see, but in a small species 
such as A. ellipsiformis the growth increments are snlall and among 
the older specimens it is almost ilnpossible to make an accurate count 
of the annuli. For practical purposes, the aging as shown in our tables 

Slze 
(length in inm.) 

Number of Ovisacs on one gill Average 



is rc;1so11;11)ly ;~cc~tr;ltc, but there is a need lor the devclol~ment of 
tcc-llniclucstth;~t wor~ltl give I~etter results. 

Only occ-asiotlally is it inlpossible to deternline whether an aninla1 
is ;I l ' e ~ ~ ~ a l e  since they nornlally have ~r~arsupia tlistended with glochidia. 
Onc  sectionetl gon;ttl 01' a s1,cciuren (PI. I, lower right) shows how the 
tissue ol a Ic111ale c;rn be so crowdetl wit11 developing trenl;~tode para- 
s i~es (in this c;rse will1 gi-o~ring M~cl .o( .e~~z~s-l ike cercariae) lllat the 
aniil1;11 I)cco,nles sterile aud egzs then fail to reach the marsupi;r ol 
the gills. 0 1  the 218 111usse1s previously listetl only 4 wcre parasiti~ed, 
all 01' tl~etrr Sroir~ one locality near Byron, Michigan. I n  the case o l  a 
n~a l e  (PI. I ,  lower lelt), thc infestation was relatively light and large 
11un11)ers ol spernl were still being produced. Undoubtely there are 
sitcs where inlcction 111ight. 1-1111 high and lnost of the le~rlales could 
be r e~~de red  sterile lqf p;rr;~sites. 

\/Vhcther male or Seirlale, sexual ~naturity is usually not attained 
until tile ; I I ~ ~ I I ~ ; I ~  r e~~chcs  the third year. Such iminature animals appear 
;IS u~~sexet l  in the t;~l,les. Although most o l  the aninlals collected 
werc sectionetl to cn;\ble 2111 analysis ol sex and its develol)ment, only 
one I~ertl~aphroditc was tliscoverecl. This case was so unusual that i t  
w;~rr;~tlts sl~ec.i;il c.onsit1eration and it  will be tliscussecl in a current 
stutly dealing with hermaphrotlitistn alllong the freshwater mussels. 
Altllough r;tntlot~~ satt~ples l rot~l  several sites protluced a prepontler- 
;~uc.c ol one sex over the other, the sex ratio of the total nuirlber stud- 
ied clearly gave 2111 allnost one to one ratio-130 males to 108 females 
(Table 2). 

DI<VI<I.OPMVNT OF MALE Go~A~).-hfany lr~ales were sectioned. The  
:umorltlt of s1)crnr protlucetl is prodigious. The  illustrations (Pl. 11) 
intlic ate tllat spcrnlatogenesis Cit11 be fount1 (luring all months of the 
ye;ti-. During the active and growing season, which in NIichigan is 
betauecn /\pril anti late October, mature sperm are lllost coinlnon from 
thc 111itltlle o f  h/l;ty into 111ly. In  August, the sectionecl specimens again 
int1ic;ltetI that ~llost ol the gonad;rl tissue was. active with the acini 
luilc-tioning to produce early stages in spermatogenesis. These sperm 
rerr1;tin in a tlevcloping state and evidently are shetl as irlature sperrn 
in late spring ;mtl e;trly summcr. 

~ )~ : , \~ I ' I .OI~~ \~ IENT 01' I;~:IIAI.I- Go~Ao.-While the glochidia of the pre- 
vious year are still carrietl in the ovisacs o i  the outer, posterior gills ol 
le~~t;tles, the gonatls in April (Pl. 111, upper lelt) contain inany eggs in 
early stages o l  developtnent. I n  this condition the walls of the acini 
are usually thick ant1 have many eggs and nurse cells in early stages of 
devclopnient. Tlle eggs enter the lumen of the acinus in increasing 
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numbers, but it is only towartls June that they begin to show a11 en- 
casing vitelline membrane (PI. 111, upper right). Ry the midtlle ol 
July most of the eggs, still in an unl'ertilized state, have moved to the 
gills where they are lertilized ant1 carried until the lollowing spring 
ailtl early summer. I n  August the gonad again shows Inany eggs in 
early development and the marsupial gills beconle chargetl with tlevel- 
oping eggs and glochidia. 

T h e  rriany gonads examined appeared to be in an active state 
throughout irlost o l  the year. As a consequence, tliere is a virtual over- 
lap in the gravid state ol females so that one can find indivitluals in 

TABLE 2 

-- . -~ 
~ -- -- - -- 

- . 1 Jan. 1"l1 M a r  p r .  Nay J u ~ l c J r ~ l y  Aag. Sepl. Oc t  Nov. Dee. 1 Total 
- 

C:r;~vid ( 9 ) 17 21 28 1 4 17 19 1 . 108 
No1 
Gravitl ( 3 )  S 6 IS 40 12 8 55 5 8 . .  IS0 

- - -- .- 

* 111 all, these nrlll~l)ers repi-~sent 18 collections 111ade t h ~ - o r ~ g h o u ~  Lhc year yicltl- 
ing a total o l  238 spccirnens. Tllc propo~-tiolls ol  111alcs :11nt1 Semalcs taken a1 ;111y 
one o l  Ihe stations were 11ot al all in a one to one I-alio, but when the total nu~lll,cr 
is consitlcred they are in allout ec111al 11cu11bers. T h e  Sc~cr gravitl s p e c i ~ ~ ~ c ~ ~ s  Soullcl 
in llle summer (July and Aug~rst) is a chal.actel.istic pattel-11 Sol- sucll a long 
Lerln I~rcetlcr. It is r~ l~for t r~natc  that one never lir~cls more tlialr a Se\\r at a stat io~i 
ant1 wllen on(: visits thc site at  ~nonlhly intervals the prol~lem o f  tlepleti~rg the 
f a u ~ ~ a  beco~llcs a real olle. 

/ \ L I ~ L I S L  that have not yet conipletely slietl g1ocllitli;t produccd from 
eggs of tlle previous year, wllile other lemales in the same collection 
niay be starting to become gravitl with eggs protluced <luring the en- 
suing year. (:onsecyuently, with the typical modific;~tion ol posterior 
outer gills alno.ng the l'elriales, it is usually easy to tleterlili~le the sex 
ol aniirlals without sectioning thelu. Most ol' tile specinlens exanlined, 
nieasurecl, and aged, were l o ~ ~ n d  to llavc been properly sexed by 
examining the gills lor marsupia ant1 the branchial mantle edge lor 
1);~pillae. I11 ;rdtlilion to the liiotlifietl ~rlarsul~ia (many o l  them gravitl), 
tllere are p;tpillae present on the mantle edge back ol the b1-anchial 
siphon where tlle lllarltle itselC not only is thickenetl but usually has 
a black or brown pigmentation. 

The  glochidium (PI. 1, center lelt) o l  Actinorrnins el l i~si/o~.nzis Iias 
not liitherto been figurecl. I t  conlpares very lavorably in outline and 
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general a1)pe;ir;ince wit11 that o l  Actitionrtias ctcriticrtcr (formerly 
Ltrt~r/~.rilis lig(r117~~rfi1l(r) ;IS illustl-atetl by Srtber (1912, 111. 11, fig. 18). 
His Il1e:rsurelilents lor th;it species are: 0.220 X 0.260 111111; a n  average 
o l  7 gloc,hitli;r of A. ellipsifot.tt~is n~oun te t l  and ineas~rretl wit11 a n  ocu- 
1;ii- i i~ icron~eter  1)y 11s was 0.237 X 0.285. T h e  glochidia of this species, 
which is co~isitler:il~ly sn1:iller in its atlult stage, are, nevertlleless, larger 
than tl1osc of' A. ctri.iricrtn, :I species know11 as the "RlIucket," and  one 
of the best 1)utton-l,i-otluci~~g shells. 

Like nlany fresh-water n1ussels, A .  ellipsifo~r~zis occupies a very 
definite ecologic niche. As can be seen by examining the inap of gen- 
eral t1istril)ution (Fig. I), it appears to be nlost collllllon in  small 
ri\,crs and creeks. T h i s  observation is strengthenetl by data obtained in 
a survey of the main pol-tion o l  the Grand River (H. van der Schalie, 
1:)-18:(i-7) where i t  is clearly shown to be very rare in tlie nlain portion 
ol' the river 1)etlveen hluir  ant1 Grand Rapitls. During the past seven 
years Illirny collections (111arketl by a square in Fig. 1) were iliade in  
Ore  Creek, the strean1 that served as a n u i n  source of supply for 
sl)eci~~iens usetl in the seasonal studies of gonadal tlevelopment. Only 
those portions o l  that creek where the bottom was rough gravel and  
santl, \\lit11 s w i l ~  to ~ i i o d e r a ~ e  current, yielded ~luirlbers sufficient lor  
the series neecled in these studies. T h e  specilllens were obtained 
LISLI:III~ by dragging a 11e;ivy ilieshetl screen, ~ n o u n t e d  on  a pole, 
tllrougll tlie bo t to~n  to remove the gravel substrate and  sieving i t  
vigoro~isly; ~ ~ i i i l l l  series o l  ~liussels were fountl among the stones a n d  
g~.a\,el. 

I n  vie~,\r of' tlie well established relationship between inussels and  
hsll Iloats, on wllicll they must tlevelop, i t  was suspectetl that a fish 
111igllt Ile fountl, in riffles Ilouling over a coarse rocky bottom, that  
~voult l  hirve a d i s t l - i l ~ ~ ~ t i o n  pattern in hlichigan similar to that  observed 
for this 11111ssel (Fig. 1). I f  there were such a fish, it woultl he possible 
to test i t  as a possible nornlal host. T h e  work of completing the life 
liistory of A. ellipsifor.i~~is would then be n1acle 1lluc11 easier. I t  turned 
out  that none o l  the species of fish that are k1lo1i.n to occur ~ v i t h  this 
nl~lssel, nor any species of fish o l  k ~ l o ~ \ ~ i i  distribution in Michigan, 
;it tu;rlly sllo~vs a l )a t tcr~l  that coultl be sul~er i~nposed on, o r  coulcl 
111atcl1, that  of the nl~lssel; most of then1 have a lar  ~vit ler  range in 
Alit,higan. ISy the sanie token, i t  is 1 1 0 ~ ~  e.i~itlent that  i n  its character- 
istic. l);itte~.n this mussel is Tar ll1oi-e conservative in extentling its range 
than is its fish host. \\%ile in this case jutlg~nent may be premature, 
i t  1ii1s I ~ e e t ~  evitlent l r o n ~  n ~ o s t  slutlies o l  11lussels ant1 their relation 
to l ' o r~~ le r  stream c~onLluencc that, because of tle~llancls for timing in 
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their life cycles, ~nussels are indeed very Ilelljl'ul in establishiilg pre- 
and post-glacial drainage relationships (v;rn tler Schalie, 19fi3). 

On  25 June 1959, fish were seined in Ore Creek, just below tI:~rt- 
land, Livingston County, Michi~an.  This seining was done untler ideal 
conditions with the weather sunny ant1 fair. The  following 16 species 
of fish were taken: Le@onxis ~negciloti,~ (Long-eat-etl Sunfish), Lepot~lis  
gihbos~rs (Pumpkinseed), Notropis co~.nrrllts (<;onlmo~~ Shiner), 
Nol?.opis hetel-olepis (Blacknose Shiner), Sernotilzrs (rtl-o~t7crc1tltri1rs 
(Creek Chub), Canzposton7a a~7~omall~nx (Stoi~eroller), HyOopsis Oig~lt- 
tntris (Hornyhead Chub), Catoston71r.s rortlmfo.soni (White Sucker), 
l'inzephnles notntlrs (151~1ntnose Minnow), Pocc.ilic.hthys ccret.~rlc~rs 
(Rainbow Darter), Uoleosomu nigf-t~nx (,Jollnny Darter), Cn tcrnolrrs 
flnbellaris (Fantail Darter), Perca /Invescen.s (Yellow Perch), UttiO).a 
lirni (Mud Minnow), Lobidestlles sicczi11r.s (Hrook Silversitles), Esox 
1i~ci1r.s (Northern Pike). 

SIJMMAKY AND CONCI,USIONS.-In A/lic:lligan, Artinontrios ellipsifo).tnis 
has a circuniscribetl distribution pattern; I'or~nerly it occurrecl only in 
strealns of the southern hall oI the Lower Peninsula which Howed 
toward Lake Michigan. During periods o l  conlluence i t  enterecl the 
S;rgin;rw Bay drainage, 1,111 it  has not migratetl illto ally o l  the streams 
o l  southeastern I\/lichigan tlraining into Lakc St. (:lair or Lake Erie. 
7'his nlussel inhabits ~nainly sn~all  streanls a i d  in this respect it 
conlpleinents the only other species of the genus in iLLic.l~ig:ul, 
Artino~laios cari7rntn, which usually irtlial,its the large rivers. TVitl~in 
the small streanls it ;rppears to be restricted to zones with firn~ bottom 
co~lditions consisting ol santl and coarse gravel which are sul)jectetl to 
motlerate or strong current. A l t h o ~ ~ g h  it  was not possi1)le to detern~ine 
the fish host among sixteen species seined in the habitat, it is likely 
that the natural llost will be a fish that l'recl~~ents a stony bottom in 
the riffles. None o l  the fish seined have thc restrictetl range of this 
mussel. 

Over a pcriod of seven years specinlens ol A. e1lipsifonni.s were col- 
lected during the seasons when the animals were active to permit 
l~istological examination of the develop~nental conditions of the 
gonads. This species is a typical long-ten11 (bratlytictic) breeder; the 
males have developing sperrll in most seasons with InaLure sperln 
alq~earing especially in the spring; the feniales lxoduce eggsiin the 
la11 and spring. T h e  eggs 11ass to the ovisacs in the gills in late sunlnier; 
here they develop into glochidia that are shetl in late spring ;rnd eitrly 
sulniner of the following year. The  gravid periotls o l  the fe~~i ;~ les  often 
overlap. T h e  animals do  not l~ecome sexually nlature until the thirtl 
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y e a r  ol' g r o w ~ t l i ;  t h e  l a r g e s t  i n d i v i d u a l s  r e a c h  a l e n g t h  of a b o u t  55 m i n . ;  

a i ~ t l  n l o s t  i n t l i v i d u a l s  in t h e  p o p u l a t i o n  die b e f o r e  t h e  t e n t h  year. The 
number oT ovisacs  v a r i e s  wit11 t h e  s ize  (age) of the i n d i v i d u a l s ;  t h e y  

range l'rom 9 per o u t e r  gill in t h e  y o u n g e s t  to 25 in t h e  o l d e s t  ex- 
a n l i n e t l .  

The  r a p i t l  c h a n g e s  in s t r c a m s  ol M i c h i g a n  make i t  i n c r e a s i i l g l y  

t l i l l i cu l t  t o  f i n d  s i t e s  lor c a r r y i n g  o u t  l i f e  h i s t o r y  s t u d i e s  o f  a s p e c i e s  

s c ~ c l l  as t h i s  one. A f i e l d  and l a b o r a t o r y  s t u d y  d e s i g n e d  t o  d e t e r n l i n e  

t h e  nornlal f ish h o s t  i s  c o n t e m p l a t e d .  

~ c ~ s o ~ v r . ~ ~ ~ c ~ \ ~ ~ ~ ~ s ~ s . - T h e  p h o t o g r a p h s  were made by Dr. John B. 
1 3 u r c h ;  S u ~ ; ~ n n e  Kunyan prepared t h e  p l a t e s ;  s o m e  oE t h e  s p e c i m e n s  

froill t h e  field were c o l l e c t e d  by D. S. Dundee, B o n i l a c i o  D a z o  and 
W i n .  H. Heard in t h e  c o u r s e  ol  e x c u r s i o n s  u n d e r t a k e n  for t h e i r  own 
s t u d i c s ;  C a r t e r  G i l b e r t  a s s i s t e d  in c o l l e c t i l l g  t h e  f i sh  and i d e n t i f y i n g  

(hcm. \\Te ;11-e i n t l c b t e t l  t o  a l l  ol' t h e m  lor t h e i r  ass i s tance .  
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L~I , I , I : I<  L.I.I:I,: ( : I I ; I I .~IcI~I .~s~~( :  al>l>eari~~~ce of silell of AC/~IIOII( I~II . \  /,Ili[~.\ifor~~~i.s 
(( :o~n-atl). 

~ J I ' I * I . . I <  J<ICII.I.: 'l'he shell of 1\1ir1.o111yrr iris (Idea), IIIOI-e rcccntly ~ii~rnctl 7'illo.sn iris 
(Lea), slio\vil~g l l ~ c  tlillcre~~ccs as coll~paretl ~villr A. c,lli/)tifo~~~ris. 

I ~ N  I :  l o c i i ~  o 1 .  l 1 s i o 1 1 1 i  X 1 0  1 1 1 1  s i c ,  0 . 2  X 0.281, mln. 

C;ICNTI.I< I<I(.II.I.: (;Iocllidi:i o f  A .  (:lli/;.\ifo~~~~ri.s ;IS S C ~ I I  in a s(:c:tio~i 01 i t  gravid 
gill, X 40.  

Lo\vl:n LI . I , I :  (;olratl oL ;I 111ale A. rlli/)sifor~rri.v showing lllc \\'a)' spcl.lnalogcllic 
rissl~c is c~.owdctl 0111 1)). a developi~lg t ~ . c ~ ~ ~ a l o t f c  ~>al-;~sitc. X 40. 

T . o M ~ I . . K  RI( ; I I I :  17em;lle gonad of A .  <~lli/).sifo~.~~ri.v \v i~h t ~ e l ~ ~ ; ~ c o t l c  l>;tl'asilc tlcvelop- 
rneilt c~ .owt l i~~g  o u ~  tlcvcloping cggs. 'l ' l~is ; I I I ~ I ~ I ; I ~  ;~lso (lit1 J I O I  I I ; I Y ~  glochitli:~ 
ill its gill 111;11.supi;1 \vl~ile lllosc no1 1x11-asili~ctl tlitl, X -10. 





vnrz del- Schalie and v a n  det Scltrrlie Ocr.  Pnl)e)s 

PLATE I1 

U1.1.1ra ~.I.FT: Male gonatl showiirg early sper~natogenesis in a speci111e11 killetl ant1 
fisccl 26 April, 1962; note that malure sperm (lo IIOL yet occur in these acini, 
X 40. 

UI,I,I:I~ Il~crrr:  Male gonad in early summer as seen in a specitncn killetl and fixed 
oil 25 J l~ne ,  1959; note that rriairy rnature sperln occupy the center o f  tlrc acini 
xvitlr spe~.m;~togencsis taking place only in the outer, perip11el.al regions, X 40. 

L o w ~ i ~  I,I.:F.~: Miile gonad in carly k ~ l l  ( 3 0  September, 1954) will1 all o f  the mature 
s1jen11 slled and sperinatoga~esis s t a r t i ~ ~ g  in preparation for the llext season, 
X 40. 

L o w ~ c ~  R~c;~rr :  Male go~latl in the late fall (21 Octol~cr, ISGO) with very aclive spcr- 
i~ratogellcsis leading Lo thc co~~d i t i on  shown in tile upper left o l  this plate, X 40. 
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PLATE I l l  

UI~I~I;I< I . P . ~ . :  Gonadal acir~i of an alrirnal in the spl.ing (fixed 7 April, 1960); note 
that the ~valls are relatively thick and many eggs arc but l t l i~~g into  he lumetl, 
X 40. 

UI.PEI~ Rlcrr-r: Sec t io~~  o f  a gonad of an animal in early sumlncl- (25 June, 1959) 
sllowilig that the walls of tlre acini becon~c thin a r ~ d  tire eggs are surrounclcd by 
v i te l l i~~e mrmbrancs, X 10. 

M~uul.~. 1 . 1 ~ ~ :  An enl;tl.ged acinus st~owitrg crowtling of eggs in gouad du r i~ lg  the 
suutlrier; the spaces bctweelr eggs result from shrinkage in the process of dehy- 
dration, X 200. 

MII)I)LI,: Rrc11.1: Malure egg of gonad ar left, X 400. 

Lowelt LICI~I.: Early fall (30 September, 1954) coirtlitio~l of goilad with oogenesis at  
all early stage with the walls ol' the acini again brcoming thicke~lctl but only a 
l'cw eggs arc en~er ing the Iume~i,  X 40. 

I,ow~.:a 111(:1rr: Later fall (21 October, 1960) contlition of fetrialc gonad with the 
~valls of l h c  acini again [llickerletl and  approztching the condition (upper left) 
found itt the spring of the year, X 40. 



SO. C;S:{ Actinonnins ellipsifonn is 1'7 








