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Sexual Dimorphism and Some of Its Correlations in the Shells of
Certain Species of Najades.

BY N. M. GRIER, PH. D,
L-—INTRODUCTORY.
Before Ortmann’s discovery that the sex of Najades could

be readily learned from associated peculiarities of gill structure;

-of the type
later to be compared in this paper—from which to identify the
sex of 2 mussel when glochidia were abgent. Hazy, (2), snd
Isracl, (3), were able to distingrish the sexes of eertain Turopean
species by sueh characters ay relative fength, beight, and inflation.
[sracl, particularly, found associated with sex, eertain cofors of
the epidermis of the shell. The investigations of these latter
writers extended only to 3 species, none of which are closely related
to those dealt with in. this paper, and their original work never
scems to have been followed up. In addition there occur in the
papers of American investigators from time to time, scattered
references to the sexual dimorphism of certain species based on
sume morphological feature of the shell, Such, however, are either
not concerned with the species we are interested in, or are already
summarized by Simpson, (6}, or Walker, (8}, whose information
fater will be brought out. :
Ho-Pronpuym, Migrian, anp MaririaL,

While pursuing another investigation on the comparative
merphological characteristics of certain ussel shells inhabiting
the Upper Ohio Drainage and their corresponding ones in Lake
firie, ( 1) the writer obtained data of the type indicated, which he

o
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proposes in this paper to associate as far as possible with the sex

of the shells examined.
I'he material used w

of shiclls in the Carnegic Muscum at Pittshurgh,

moeasureinents  wen

as Dr. AL I Ortmann's splendid collection
Ta., and while

the most complete account of how these

taken is veserved until the publication of the
the method of making thewm is deseribed to what is believed to be
a comprehensible extent i the accompaning table dealing with
sexual dimorphism,  lere it may suffice to state that the dimen
gions faken werse 7 in number and ineluded the measureinent o,

{ ~—Relative degree of nflation.

rescarch spoken of,

2 —Height.
3.—Tosterior length of shell, : _
4.—Anterior length of sheil. h
5. —Jength of posterior hinge line,
6.~—Length of anterior hinge Hine.
_ 7.~~Thickness of chell—in  this investigation taken just
_superior to the pallial line in the region directly beneath the winho
" in making these measurements an ordinary metrie caliper
¢ were used, the values obtained reduced to convenient
ision into €he length, with the exceplion of that o
ble to cowmpare with the heght
aind species,

and rul
faclors hy div
thickness, which it secined desira
Measurements were made on the following genera
viz., .
Fusconisa flava, Kaf. Parapiera fragilis, Raf.
Amblema costata, Raf. Propiera aloda, Say.
Pleurobema obliguum coccinewin,Con. Anodontoides ferussucianus, Lo
Elliptio dilaiatus, Raf. Euwryniarecia latissima, Raf.
Symphynota costaia, Raf. Lémipsilis nteola, Lam.
Anodonia grandis, Say. Lasnpilis ovala venlricosa, Lot
Phe factors above deseribed having been obtained, it was e
practice while muking Comparisons in the endeavor to associal
any of the 7 pensured worphological dimensions with the sew o
{lie shell, to compare cqual numbers of hoth sexes of the species
was made of the values obtained by caleulation In
e shell, and then this result compareid wilk
rom the other sex of the animal. A table (1
ion of that sex of each specic

An average
each dimension of th
that similarly chtainedf
showing the averages for each dimens

is appended, and from the comparison of its values, the table vt
Sexual Dimorphism (1) is obtained.

s X,

i
{a.) (x

I more condensed form e
expressed as lollows.

i Males of Plowrobena, f
possess @ greater fefolt and dep
The feinndes
Lo bfeoly, and Looovata show opi
of Jomals s represevting e f;'r\:} f
godny, Lefglt coredaldes i the
of Awmodonta, Anodentordes wlil
than fomales, have a fess heivhl,

2. Males of Elliptio, Anodon
and L. toata have a velatively g
shelly, and conseguently le'.si_s‘-nf 1
this condition 15 reversed. l

pefedtvelv shorter,

3. The one owtstanding worp,
devating extent with maleness €
vrealer length of posterior hinge @
tnihe fomalesy.  These jm:'f.x‘z oo
posterior Lewngth Dp W4 the s pectes

g Thrvkwess of sholl, s assn
rdifferent as all the otlier dines,
the hidnge lines).

ih.)

.

Fhere is now given from &
{77, all descriptive materinl of
shells usually held (o be assock
ride, eraphasis 8 placed on Wall
desire to show the refation of
obtained.:

Utterback belioved femnde
possess o preater degiee of il
oty with the former i 1his ces
species fisted in the order give
to be no accredited descriptive
Dimorphism), until we come ¢

Simpson: Paraptera. *He
sometimes a little rhomboid or a
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ceociate as far as possible with the sex

ie, A TE Ortmann's splendid collection
Musetns ol Pittsbargh, Pa., and winle
et of fiow these mieasurcments were

gublication of the research spoken t?f,
ml i« deseribed to what is believed to .‘i')c
m the accompaning table dealing’ with
it may suffice to state that the dimen-
nher and included thf/: measurement of,
f inflation. '

of shell.
£ shell,
or hinge line,

-t

+ hinge lne,

wil-—jn  this investigation taken
in the region directly beneath the um.dm
asurements an ordinary metric caliper
values obtained reduced to conmvenient
T length, with the exception of tha-Lt of
. desirable to compare with the §1e1g'hi.
nade on the following genera and species,

just

Paraptera fragilis, Raf.
Propiera alaia, Say.
ensn, Con, Anodontoides fcms.merz'amt_s,Lcu
i*f1;r;)i::.fr'1 recta lalissima, Raf,
Lanpsilis bnteela, Lam.
Lampilis ovata ventricosa, Lan.
cxeribed having been obtained, it was .thv
GMPArisons in the endeavo? to assocmh:
norphological dimensions with the sex of
ual numbers of both sexes of the species.
o the values obtained by calculation ?m‘
fiell, and then this result compared w;ti\z
‘om the other sex of the animal. A table Q )
cach dimension of that sex of each specics
Tie comparison of its values, the table on
b4 obinined.
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71, —Rusunrs,
{a.) Conclusions.

In more condensed form the results g‘i\-’i‘n in the tables moy be
exprressed as follows, : ' ’

1o Males of Plewrobema, JSiptio, Sy phynota, and Proptero
bossess a grealer hetght and degree of inflation than Jewmales and are
selatively shoricr.  The females of Fuscontja, A wblema, Furynia,
L. luteola, and L. ovaia show opposiie characters in this Fespect 1o these
of fesnales representing the first four nawed specivs.  Also in the fore-
going, height corrélates with the degree of inflation of the shell, Males
of Anodonta, Anodontoides while having a greater degree of inflation
than females, have a less hoight.

2. Males of Elliptio, Anocdonta, Paraplera, Anodontoides, Lurynia
and L. ovata have a relatively greater length of the posterior part of the
shell, and consequently less of the aterior. I'n the remaining shells
this condition is reversed.

3 The one outstanding morphological feature associuied 1o frrepons
derating extent with wmaleness in the Najades dealt with, was the
greater length of posterior hinge line, (the anterior seems best developed
in the females). These facts correlate with values Jor anterior and
posterior length in V4 the species only. '

4. Thickness of shell, as associated with sex, seems 1o be as efally
indifferent as all the other dimensions, (with the exceplion of those of
the hinge Iines).

{b.) Remarks.
There is now given from Simpson, (6), Walker, (8), tterback,
(72, all deseriptive material of the external morphology of these
shefls asually held 1o be associated with the different sexes, As a
rule, emphasis is placed on Walker’s late work, and it is the wrider's

ohtained.-
Utterback believed females of Fusconaja and Symphynota to
pussess a greater degree of inflation of the shell. My results check

species listed in the order given (for the reason that there seems
to be no accredited deseriptive material conceraing their Sexual
Dimorphism), until we come to Parapicra.

Simpson: Paraptera. “Female and male much alike, former
sometimes a little rhomboid or again it ends in a wide rounded point

f

desire to show the relation of this material to the results he has -

only with the former in this respect. We must pass over the other -

.
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TABLLE 1L
SIXUAL DI‘\/IORPHIS’V[ I\T NAYADT S

y . PHIL .,
(Length of shell compared ‘r with th

. meas
et of each

N0, Ap

D

s . . Dan . seoma
{Dextro-sinistral diameter ~7 or convexity of valve divided Fusconaja P :
Antblemy >
by length giving degree of mﬂq[rmn) . X et J 10 G
i S— : Plettrobema ]
Mule Grester tiin No 'quc [N Fepnte Gremter Uhis 3 K LN &
I Henpret i s _nred of eaely Weapeet ot ] VTG Py
Plenrobenin coecintum s S Y, l Fuseonnie lava 2 Anodonta " ‘
Eliptia dilatatus 15 1 ig Amblema pHeata 1 Anodontoides 3 |
. R :
Symphynota costata 5 i 13 l Furynia recta ; iya 13 i
Anodonta grandis 8 1 04 I Lampsilis luteola L. luteola 94 i
Paraptera [ragilis 3 $4 | Lampsilis ovata L. ovata f4 i J
- : B L U
Proptera alata [ l
Anadontoides ferussacianus | 9 N

. DvDn -
{Dorso-ventral diameter of -—y— value divided by length

giving relative height.) symphynota

Male Greater this 1 No. spee. meas- | Female Greater this Proplers
Respect in ured of each | e Respectin Paraptera

Pleurobema t 15 27 | Fuseounja

Symphynota 5 10 Amblema

liptio 1y 8 \ Anodonta
! Proptera : [ O T 1 Parvaplern

Burynia . 33 8 Anodontoides

' a4 1. luteola : ) !
84 L. ovata T

(Thickness of shell divided

1)‘, 13 by do

. .. 'PD . . .
{Distance posterior to extremuty 7~ from aline passing through median dor

Male Greater this
sal plane of valve expressing relc.tw;’ degree [m&h’mm d«wlopmc’n.’ w':cu'[) ate € “““ this

Male Greater Lhis No. spee. mony- Female ¢
Respeet in uredd of _each Respe
Elliptio x5 27 TPigseonie :

v Anodonta v 8 1 Amblema roptera i [ 5 E
Pamptcra 5 15 Pieurohema inndostoides 5 5 |
Anodontoides 3 i+ 5 Symphynota “Ha'vni:m. _ " [ 3 94 |
Rurynia 33 6 Proplera Cavaia [ a3 ;

I, ovate _ ‘ 8474 [ ogq | Lotgteola R TT | 81
(Distance anterior to extremsty 2 from a line passing through median dor sout in the median line,  Vemale shell

sal plane of valve expressing reﬂatwe degree anlerior development shell’) simded insthe post-basal region.'

Spec

. M}sileesgjezetnitl:r this ] N‘Tlhstgen? ::2?:]11& ! I‘una{fcig‘:e&vﬁ; this l{‘)t idj)lll’lddjﬂ but if in this species “rhe
Fusconaja ‘ 2 15 _Elliptio _ r:eg a gres ”'("‘ I.Aeigl?t compared witl t
Amblema 19 . 8 ‘Anodonta ment on the part of my results. Tr
Plenrobema : s 5 Paraptera : . soyion was not measured.

Symphynota - - . 5 [ 3 Anadontoides Proptera: *' Female shell with long roi
Proptera 6 Furynia - Loy
L. lﬁteoia o1 | ‘gi L. os;ata treme post-basal pare, generally sub

el Tess Tull in post basal repgion, ne arly

G

%
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SPHEISM OIN NAYADLS,
;\“ or convexity of valve divided
we desree of inflghion)

o geee. otcase | Female “.rc-iiler this
vt of cach Respect 1
v 27 | TFusconajo flava
i 1o l Ambiema plicata
: 34 | Turynia recta
: G4 ‘ Lampsilis luteola
3 1 Hag Lampsilis ovata
o l
! ' T, . e
ol “::]i value divided by length

lo, spec Ci s female Groeater this
\:‘,"Tthi[ gmmzh\’ I Fer Respect in
i & 27 Fusconaja
b 19 Amblema
;:, 8 Anodonta
6 1 5 Paraptera
13 8 Anodontoides
94 .. luteola
84 L. ovata

o H H - wlie N
i[l - from aline passing through median (1:_)9

relutiordegree posterior develapprent shell)
+ e : - N -

e il I o T
is 27 | Fusconaja
L 19 Amblema
5 15 Pleurobema
3 1+ 5 | Symphynota
3 1 6 1 " Proptera
8: 1 94 I.. luteola

“j}) from a Hne passing through median dot

relative degree anlerior development shell.)

Na Vc\pu{'. Hi 1 Female Greater this

el of S Respeet in
. )7- Fitiptio
) Anadoita
[ 5 Parapiern
5 3 Anadontoides
6 33 Furynia
a4 | 84 L. ovata e
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I

P . . .
(Length of shell compared o with that of posterior hinge lhie.)

Male Grenter this
Respect jin

No. spec. meas-
fred of each

eimale Greater this

[ Rcspu:t in
Fasconain 27 5  Symphynota ‘
imblema ) 19 7 6 | Proptera
Sewrobema I8 5 1 Paraptera
Hiptio 15 .
snodonts ) : 8 ‘
tnalontoides 3
airyita ‘ : 33
Golnteola G4
hovaty . 84 _M”E,,

AHY ) . . .
{Leugth of shell conpared = g""""" with that of anterine hinge line,)

1 Mo spee, mepy
ared of each

Feuule .l“;ui‘\‘s‘l tor thig

L . - o Mespeet iy
wmphynota . S 27 Fusconaja
Froptera ‘ 6 19 Amblema,
Saraptera ) 5 15 Pleurobema
i L5 i Elliptio
8 Anodonta
3 Anodontoides
. 33 Buryniz
) 94 L. luteola
' . 84 |7 L. ovata

. o TH .
(Thickness of shell divided by p by dorse-ventral diameter.)

Female Gronter thiy
. Redpeet dn,

Male Greater this

No. spec. meas-
coRepectin

Peurohema,

Fasconaja " i
liptio Amblema
sudonta Symphynota
- optera . Parai)tera
sndontoides L. luteala ¢
arynia - f R
ovitta i

tat in the median line. Female shell a little fuller and: more

unded in*the post-basal region."” Specimens of Paraptera were ’
At abundant, but if in this species “‘rhomboidal
by a greater height compared with the length,
reement on the part of my results.
SN was 1ol measured,

Proptera: “* Female shell with tong rounded marsupial swelling
‘extreme post-basal part, generally sub-truncate behind, Male
«ll fess full in post basal region, nearly rounded behind.” My

may generally
there is some
Inflation of the post-basal

r

i

T e e
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oluervations do ot apree with calenlntions Trom Waller's sHustr
tiogt of this specivs whieh shows the female to be retafively Bighe:
They do agree i assigning the female o greater posterior lengt’
of shell

Furynia:  Male shell drawn out hehind and ends in a hlun
point about midway up from the base.  Female shell has o
rounded marsupial swelling, ending in a blunt point 25 way up [ros
the base)”
inferred the male is longer, the marsupial swelling may be »
evidence from the inflation of the shell at the point measured,

L. luteola: “ Tremale shell with most decided marsupial swelling
here blunt posterior point is somewhat higher up, (23, of heigh
tlan that of male, (about halfwy), and is osually more inflated”
My results show the female ag a higher degree of Wflation, and ©
hesides relatively fonger.

L. pwpata; “Female shell slightly inflated post-basal regien,
ete. As the recorded dimorphism for this genus is practically b
same as for these last 2 species, 1 need only point out the fuil acens
with my resuits.

I"he value of quantitative studics of the morphological charac
teristics of shells is best apprecinted when cases are Lrought back
to mind where new genera and species had to be founded on th
anatomy of soft parts alone so great was the superficial resem
Dlanee in some cases hetween what turn out to he entirely different

H]

This data agrees with my measwrcinents, as it may b

SEXNTIAL

srier O, | do not feel, ow
Chgreatly hspaired theeels
thsexes from Lake Brie was i
nles the reduction to factor
sportion of the part concern
~=ibly evens up any great dJifl

V. Hin

i Grier, No M. “Marpholog

Lo lirie Compared with Corresp
Annals Carncgic Muscum, 1

30 Hazy, Jo 9 Die Mol kon |

Cnerd, Mudakozoologischer at ee, 1

3o Israel, W.ovon, i Nijit

S Nachrichsblatt der Degissohen

£y, b 4.

4o Ortmann, A E. " Monogra
oo Museum, I1T, 1911,

3. Ortmam, A. T, Notes on
arnegte Mugeum, VI, g,

6. Simpson, C. 8, “A Desert:

Falker, Detrott, 1914,

7. Utterback, W. I, Nuaides

ol 1Y rgr16.

8, Walker, Bryant. A Synop

“tollusea of N. America, North of i

fus. Zoology Pub. No. 6, p. 174, 101

atinls. 18 as o general proposition, it be admitted that the systeny
atist should be abke to {ind in any organdsny specific claract:
distributed from the most minule anatomy to the coarsest features
of morphology. any such convergent phenomena as deseribed abov

LIRSE
GIVING AVERACH I
AND FREMS

could be eleminated as cach species of shell could be expected 0 ¢ s MUSSIL sox 2
wary in morphological characters around its own mean. Tt is o ; Fusconaja flava Q 510
he hoped that the practice of publishing the more usual dimensione | Fusconaja flava & il
. for bf)ih. sexes of sllg.i.ls Wl'ﬂ bie (.,_c.)mmlz(,d, that the ultimate phils -y Ambicma plicata 6 o
sophic trend of all Biclogical Science may have ample dita forthe § 5 Amblema plicata & oan

consideration of the never-dying and always-puzzling questies
of 1he environment. ‘

Plewrobema obliquumene ¢ .4 {l{
Plenrobema obliquuemene 0 LA

(¢} Sowrce of Irroer.,

. . . . : ‘ by Bllintie dilatatas oo
Paucity of material compelicd me Lo use i sone species o fen illiptio dituda LEeTY
' " . . . . . s BHiplio dilatatusg g
shells from Lake Brie, (most were from the Upper Ohio Drainage: :
although it is in some of the measured shell characteristics, as | § Symphynota costata Q@ abe
5 Symphynota costata o .28

expect to show, that the Lake Iirie shells difiér from those of the

SR
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stons from Walker's Hides
crrale to be relatively hig
i a greater posterior lewpis

N

ik ehind and cnds i oa blus
sy, Fommle shiell hins bosg
Sy oway up frem
Smensarements, as iy
avsupial swelling may be
Il at the point measured.
wt dpcided marsupial swelling
gat higher up, (1), of heigh
widd s usually more inflated

s Blnst potit

e degree of inflation, and &

y inflated post-basal region’
rothis genus is practically the
stly poind ont the full accoed

i of the morphological charus
when cases are brought burk
ivs had to be founded on the
;1 was the superficial rescm:
apt out £o be entirely differews
t he admitted that the system
arganism spectfic charactes
oty to the coarsest featites
ienomena as deseribed ahove
ol slicll could be expected to
st ity own mean. Hods 1w
ing the more usual dimensios
ed, that the ultimate phile
miay have ample data for the
utd always-puzzling question

firror.
i to use in some species a few
it the Upper Ohio Drainaged,
ired shell charaeteristics, as |
shiells différ from those of the
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sor Ohio. I do not feel, however, that the value of my conclus-
o i greatly impaired thereby,"as an equal number of shells of
i sexes from Lake Erie was included when this had to be done,
woides the reduction to factors apparently expresses the relative
pution of the part concerned, and, by the law of averages,
=hly evens up any great differences,
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GIVING AVERAGE DIMENSTONS OF MALL
AND FEMALE SHELLS,

. nsn nVD jg>) Al BPHI, © AL T,
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Fugeotaja flava ¥ 5294 7750 7749 2315 4867 2409 110
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Hollins College, Hollins, Va.

. The Prairie Mirage.

BY HOWARD €. BROWN.

Strange is it indecd, that to so many persons who Trve spent i
fives upon the prairie, a mirage is something which is far dista
a thing entirely unrelated to their life. Many persons associute ©

mirage only with the desert. 'This seems odd enough when

considers the many beautiful mirages which appear in the prac

skies when a reflected grass area seems only a Turther exieasion

the vast, real stretch, whicl, in great, gentle waves of THu:
maguitude, roll, of a prairie morning, in undulating green, we
responsiveness, under the lifting sur, Few things can inspire e
with more sincere thoughts of the greatness of the universe, (ho
can the wide stretches of prairie of our Jand.  And the mirages &

interesting to me in that they were often so thoroughly Tinked,
e pust, wilh the Life of the pioncer.

1f he loved beauty, the pioneer never ceased to revel in the

wondrous reflections. DBut the mirage was not alone a thing

beauty.  If it mirrored an enemy’s camp, in time of hostilit
it served a utilitarian purpose. But to those who did not love -
for its beauty, and for whom it served no real purpose, stili it beean
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seobifect of wonder, and they never eo

RO
Mrs, Maude A Topton, a meombe
Cluh, is a thorough lover of feag
fved mear Indim Flewd, Conads
s that her most plensant memo

ot her enjoyment of the wild fow

mirages. Speaking of the last me
s sevent miles from Tndian Tood,
o of which was a very licpe sprinp
Belinn Head Tuud 15 watcr piped
sivomorning i the spring of oy,
Lo about half a mile away. tlos b
4 the place where the spring was,
caling to others about it, H){‘y\,f.}%:.ll'([
«i the mirage was on, for it i over

CAnother time in- Novembor, 1go
Sought that some onc had Locn mov
ser of the pasture land, aboat gae-f

Fenton and 1 were deeoved inin
was which Bad been movod daring

Chad nal Been there the day Lefoee,

soil it o be onr neighibar's Boyne
b e - .
stheeastc Tt staved there ahoot L

~Hlaway, back to the place where it

During the same winter, we had 1
aeliful one of all, the Katepwa val

s {ourteen miles {rom Indian He
shere we ved. Take Katepwa is in t
sowsding it are quite high Lills wi
=Lroads, Also, a few liouses,  Snow
<o een there a couple of times it die
~place. Tt ooked very natiml, Y
Sout o mile nway. The T day
wse o the nortleeast, and the va
wg showed right side up. These 1

morning, just abott sunrise, 3

saing.”

One of the most interesting refer
«wawh I have yet found, is in J. W, ¥




