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Variation in Nacreons Color of Certain Species of Naiades Inhabiting
thie Upper Ohio Drainage and their Corresponding Ones in Lake Erie.

BY N. M. GRIKR, pH, D.

I —INTrRODUCTORY AND STATEMENT Op PropraM.

Perhaps the greatest amount of the systematie study of color in
any animal group lias been given to the birds, where the demand for
4 more accurate color terminology in describing the hues of pluma-
ages eventually resulted in the Ridgeway Color Standards and
Color Nomenclature, (14),—a scientific achievement apparently
but little appreciated by others than ornithologists. Other types
of animals, such as the Insects and even the Gastropods have been
by no means neglected at least from the standpoint of variation in
color pattern, but the fresh water mussels, (N aiades), so far as the
writer is aware have not heen the subject of any but more ineidental
ohservation,

One who has formed some acquaintance with any scientific
work dealing with color nomenciature, must become impressed
.~ with the apparent glittering generalities in the specific deseription

of shells so far asg epidermal and nacreous color are concerned,
but lest it he thought there exist no tustification for this seehing
- slovliness on the part of the student of the Naiades, it necd only
be pointed out that in the case of birds at least, they are probabiy
less numerous in collection, species {or species, than mussel shelis,
. Moreover, they possess a distinet advantage in that their phirmgre

colors are usually arranged in o definite cojor putlory, or so g
dated with sexual or other characters that tle ornithologist may
well use them more accurately for deseriptive purposes, than the
- conchologist can with the data he even may more laboriously
. collect. There_has thus been a proportionate development of the
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study of color as on¢ oOF the other group of naturalists found
. essential for constructive work.
The writet's interest in the Najades has been ecological as well
as systematic. In other papers, (3. 4 5,), dealing with the Natades
he has attempted to associate certain morphological features o
the shells with the physical conditions under which they Hved,
A definite change of morphological features was found to parali
changes in physical conditions. Morphological featuves of sh
are to the systematist, descriptive chavacters, as are also epidermal
and nacreous colors. 1t would therefore be worth while to look
for changes in the latter also to complete the idea of parallelisin
and if at the same time, some progress could be made toward
systematizing the color nomenclature as existing now in th
Naiades so much the better—especially il such could be done witk
regard to any existing accepted solentific terminclogy, such &
‘that of Ridgeway. With this preliminary hint of the two-folt
scope of the ohservations to be given and the ultimate basis from
which it procecded, we pass to a digest of the Iterature only witk
whicli we are concerned, (ihe species dealt with in this papes’
as it is felt that the citation of even more fragmentuary olseryvations
about the other species of Naiades can add but little. At the sams
that in itself the literature cited largel:

time, it may be pointed out
illustrates points which are the basis of conclusions later to b

taken.
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a deep purple color. Utterback, {16), found that the nacre of
Ellipiio was darker in upstreams sections fading out toward the
mouth confirming Wilson and Clark’s observation. e addition-
ally points out that of Quadrula verrucosa that the pink nacred
shells are confined to southern Missouri; of Plenrobema obltquum
catillus that in the Gasconade it ha$ a white nacre, while in the
Osage River it is pink. Wilson and Clark further, (18), the color
of Anodonta grandis is in }4 tne cases dark purple, the other half
creamy white. There may be added a curious observation of
Israels on Uwuio crassus, that the epidermis of females were
usually of a gray color, while that of the males were red.

Following the clues given in the foregoing, eflort will be made
in this paper to throw light on the following problems connected
with the color of nacre in species of Naindes dealt with, viz;

Lo dn dhose specivs commonty assigred wore thun one characteristic
nacre color, fo determine as far as possible the relative prevalance of
each color in all the shells as a whole, and the difference between L.
Erie and Upper Ohio shells in this regard. ~

II. To determine whether any change in nacreous color takes
place poing down stream, both in the rivers and thedr tributaries,
and to learn whether in any of the species, a particular shade of the
described nacre color is peculiar to the bady of water concerned.

ITI. To associate as far as possible certain shades of the described
vacre color with the sex of the animal in each of the species dealt with.

H.—List 0¥ Srecizs Usep.
LAKE LRIE UPPER ORIO DRAINAGE
1o Fuscenaja flova paroule Grier, Fusconajo flave, Raf.
2. Amblewme plicats, Say, Amblema coshuta, Raf,

4. Pleurobema obliquum paypercuinm, Pleurobema obliguum cocetneum,
Simpson. Con.
3. Elliptio dilatatus sterkii, Grier. Elliptio dilatatus, Raf.
. Syphynoia costala eriganensis, Grier Symphynote costate, Raf,

. Anedonta grandis feotiana, Lea, Anodonia grandis, Say.
Paraptera alata, Say.
Paraptera frapilis, Raf.
Proptera alata, Sav.
Anodontoides ferrussactanus Leo.
Eurynia recia latissima, Raf,
Loampsilts luteola, Lam.
Lampsilis vvata ventricosa, Lam.

The accompanying map and list of localities showing the collect-
ing stations will give some idea of their distribution in the Upper

. Paraptera fragilis, Raf.
. Proptera alala, Say.
. Anodonioides ferrus-subcylind. Lea,

b=l

11, Lompsilis luleola rosacea, Debay.
12, Lampsilts ovate conoedensis, Lea.
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Ohio Drainage and Lake Urie. The material used was collected
by Dr. AL E. Ortmann over a number of years, (190g-07), in Westes
Pennsylvania and Lake Frie, or secured by him in smaller amoun’
as exchanges. Dir. Ortmanm, hesides suggesting the value ol w
introductory study to the color problem in Najades, has done
everything in his power to asgist the investigation, for which duts
was obtained at the Carncgie Museuns, Pittshurgh., [ am al
indebted to Dr. W. J. Holland, Director of the Carnegie Museus
tor the Dreest use of s faeilities in connection.

111 P uvsicarn, CONDITIONS AND TYe 0¥ Mussitt, IPAUNA.

The type of Mussel fauna has already been admirably treal
in papers by Walker, {17} and Ortmann, (12). ‘These and t
physical conditions concerned have already been summarized U
the writer elsewhere, {g); the latter are ably given for L. lirie I
Jeunings (8), and for the Upper Ohio Drainage in the Water
Supply papers of the U. 5. Geological Survey (6). For sake
convenience, however, the outstanding points concerning b
physical conditions are given in the following, contrasting colume:

ot

¥
5
Iit
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wment derived from wear of lond
CTemperalure conditions favor o more
uniform  production of food, while
the waler contains more bine.

It may be added that L. Frie shells as a whole have been observe
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Ohio Dhrainage,
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The material used was collected IV Mirop.
wneber of years, (1903-07), in Westers As previously indicated, the nacreous color of the Naiades does
s secured by him in smaller amount ¢ readily lend itself to the determination of any well defined
Iy eides suggesting the value ol as olor pattern. The writer therefore confined his efforts to the
dor problem in Naiades, h.as d<'m.f' = chulation of the nacreous colors of each species of shell hy ineans
i the investigation, for Whmh d'ﬁk“é 2 ¥ comparisons with the standard colors given in the Ridgeway
i Mumenm, Pittshurgh. _I am ul:o alor Nomenclature, Usually but one color was recorded—that
4, Direetor of the Carnegie Muscuin %ne most impressing the eye with its vividness atd preponderance
cwin connection, Sathe nacre, Where the number of shells from a locality was
mall, sometimes 2-3 colors were recorded, but only if they appeared
be of equal tone in the shell. Such data was later uselul in trac.
has already been admirably t‘i‘“"“t"‘”ﬁ’ 1 genetic relationship in the sequence of color change. The
ad Ortmann, (12). These a:nd th.j. ~sior or colors judged most to match were then written in figuring
d have already been summarl?icfl h;‘ _90ks opposite caleulations previously made for the morphological
(.: lafter are ably given f.OI’ L. Ere b¥ ©omres of each shell.  Shell were rejected when erosion of the
Jpper Olio Drainage it ,,the r\f'\kfi;“:” ere was such that no definite determination of nacre color could
Cieolopical Survey {6). For .Sd € 27 Imade. Asa ruiei white as a color was not recognized vizh.en there
sutstanding  points ~CONCErmng ij’_ sted a fair suspicion that another color was the original one,
it the following, contrasting columss scientifically speaking, white is 2 combination of colors, and
ially the writer was able to refer whitish shades to pearl blue
i closely similar colors.

e AND Tven oF Mussil FAUNA.
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simplify further in order that the evidence for the relative preva-
lence of different nacreous colors in those spoecies where more than
one was described, might be rendered more inteliigible for veport.
Just as the systentist Tor roughty desceriplive purposes has pioked
out 2 mumber of {he mwore prominent nacreots colors of cach
species, the writer, targely following Simpson's Dreseriptive Catar
logue of the Naiades{:5), chose from the previously prepared charts,
the 5-15 “leading colors” in the nacreous color of each species, to
which the large majority of the rest conld be assigned. Percentages
of these leading colors were then calestated for cach species in the
bodies of water, drainages, groups of drainayes in which they were
found, as best seemed to throw light on the problems to he attacked.
While all recorded shades in a large gumber of the species would
not conform to this treatment, they represent percentages in the
extreme minority. These may be inferred te exist in those specics
where thie table on " Distribution of Colors as o Whole,” does not
add up to 1009 Strictly speaking, even this comparatively fangy
pumber of “leading colors' could have been condensed to a smalhy
aumber, but a larger number was necessary in order that certain
close distinction in the color of nacre for purposes of the investiys

tion might be made, for example, between the color of shells of s
river and those of its tributaries. In the discussion of any particuli:
body of water, however, when the latter is considered by itscll.
the leading colors given represent my reduction to lowest ters:

of the colors represented in it.

V. —RusuLTs.

Fach species is dealt with separately, there first being given o
paralfel colinmns,

(a) Descriptive material concerning the nacreous color as taker
from Simpson (15).

(1) The equivalent in the writet's opinion of the Simpsen cirbss
in terms of the Ridgeway Color Nomenclattre.

It is felt that by this arrangement, and the inferences to
drawn from the names of the Ridgeway Colors themselves, @
will he possible for the reader to sufficiently understand
terminology used as to convey the principles this paper b«
to make clear. For the sake of even greater clarity, there are
given latterly in the Ridgeway column, the peculiar shades of =%
Lake Iirie shells, although these arc, by ‘the convenicnt arbitra
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at the evidenee for the relative prtclv;:]
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Pale Medici Biue and allied COLOTE e reeresresenecestevramesnmam e crnmmemnosassbnnses
Light Salmon Orange and allied colors. s

Distribution in . Hrie—localities,

f.a Platsonce Cedar
Bay Pain

BPresque
Iste Iiay

Pearl Blue and allied eolors. ..o
Light Salmon Orange and altied colors.....25 Too v -
Light Gray. Biue Viol. and allied colors....50 Do
Medici Blue and allied C0I0rSa i

Light Flesh Pink and allied colors. ...

Deductions from Tables of Percentages and Plate II1:

It will be immediately noted that bluisk colors are more promi-
gent in L. Erie than in the Upper Ohio Drainage. Reddish colors
also tend to have lighter hues in the former. Colors of a buffy or
orange tone rather {liun pinkish, are most abundant in rivers, where
grayish colors also seem to predominate. The intensity of the nacre
color seems to diminish in the river especially going down stream.
Exceptions to this are in the minority.

In the Upper Ohio Drainage: :

In Crooked Creek; Creekside, the shells are mainly light grayish
blue violet, but lower down at Rosston, are of a light satmon, fading
at a npear station on Allegheny River, Kelly, to pale salmon. A
progressive fading out may be traced down the Jatter stream, as
well as in a tributary of the Mononghela, Dunkard Creek. The
shells of the Monongahels at this point are much like those of
Prunkard Cr. but ot us red, (pale pinkish cinnamony. As the Ohio
is approached, the nacre becomes yellowisly, {(pale pinkish budl},
and finally fades to grayish hues. In 10 mi. Cr. at Amity, the sheils
take on a grayish lilac hue, but at Clarksville this becomes con-
siderably lightened to reddish colors. In Raccoon Cr. this species

f1as a nacre color of reddish pink, at the nearest collecting point
_in Obio it has a yelow tinge.

In Lake Erie: ‘
Presque Isle is characterized by greater proportions of salmon

colors. La Plaisance Bay by those of a bluish casté, Cedar Point,

orange. In this, as well as other species, different parts of the

* [ found no strickly pure white in this spectes. Ilt gseemed practically
negligible or s represented in the lighter allied colors of Pale Grayish Bluc
Violet.

| Pale Salmon...
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same collecting localit

y—such as the various stations at Presque
Isle, are apt to show a

peculiarly distinctive nacreous color.

Observiation on Sex Correlative Coloration as Associated with
Nacreous Color.* (27 Sheils).
Blues and Allied colors are twice as numerons in males than in
females. Females appear to hinve the more vivied pinks, while thoge
males even approximating the latter colors have reddish hues,

2. —Awiblema Plicata
In this species,
hue of the iridesce
is whitish. The ru
SIMPSON
Iridescence—RBlnjsh

particular attention was paid to the prevailing
nce at the posterior end, as the rest of the shell
5ty spots common in this species were ignored.

RIDGEWAY
Pearl Blue,

Grayish Lavender, Pale Verbena Violet
Pale Vinaceous, Pale Balmon,
White. ‘

Distribution of Colors as g Whote in Upper Ohio Drainage and

Pearl Biue and alled cofors. ... .

O
T e 44 T
Grayish Lavender and allied COIOTS ettt 229,
Pale Vinaceous and allied COROTS oo 30Y%
TS 49

a Whole in Upper Ohio Drainage
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o Pearl Blue and alljed co!ors
i Crayish Lavender and allied colors.
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Thstribution in lake Erie-—Localities.
Prosgue Frle Cedar L.a Plaisanere
Bay Foint Bay

Pearl Blue and allied colots v 87 Fheoecvennee £00 95w
Pale Ver. Violet and allied colors_.....

Light Pink. Viol and allied colors e
Pale Salmon and allied colofs. il ;

Deductions from Tables of Percentagés and Plate T11.
Pearl bluc is most largely represented in Lake Erie. Colors in
the Upper Ohio tend to be grayish in nature, those corresponding

in L. Erie, more of a violet.

I'n the Upper Ohio Droinuge:

Pearl blue is more prominent in the Allegheny River than in iis
tributpries, and is wore abundant in the Beaver than in the
Allegheny. The nacreous color apparently Leds to seguire decpey
tones in the lower stretches of both the Allegheny and the Shenago.
Altho’ pearl blue is recorded at its lowest station, grayish lavender
would be a composite shade characterizing shells from T'yench
Creele, where the pale verbena violet of the upper stretches {ades to
pearl blue lower down. A similar fading is seen in the Shenango,
whose shells are more of a blue compared with its sister river, 1he
Mahoning, where they tend to take on a lilac tinge. Perhaps shells
really coming from the Mahoning were the ones of this specics
obtained in the Beaver River. In Slippery Rock Creck, the shells
are peart blue, in the Ohio River, pale grayish vinaccous.

Ta Lake rie:

A bluish violet cotor characterizes the shells ohtained at Cedar
Point. ‘This shade accompanied by pinkish viclet is distinetive for
Presque Tsle, while pinkish violets are in the great majority at La
Plaisance Bay. Examination of PL TIT shows more fully the
variability at Presque Isle.

Observation on Sex Correlative Coloration as Assoctated with Nacreous
_ Color. (19 shells).

Temales appear to be prevailingly pearl blue, while the males are
characterized by pale vinaceous colors. The amount of grayish
lavender represented is equivalent in both.

g.Lllipito dilatatus
RIDGEWAY
Light Vigaceous Lilac, Light Vinaceows
Purp}e, Deep Vinaceous, Deep Vinaceous
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Lavender, Deep  Vinaceous Gray, Dark
Jities. Lyisance Vinaceous Cray.
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Bey N A 20% White* Pearl Blue, white.
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Lake Krie. (561 shells).
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Tn the Upper Ohto Drainage:

As a gencral thing the colors are lighter in the rivers than in the
tributaries. This specics is exceedingly variable with regard to
nacre color, A general tendency to lighten in coler may he observed
coming down the Allegheny thus coufirming Wilson aad Clark’s
and Utlerback's obscrvations. I is true, however Uit nl certain
stations it appears to darken, but this resutt is from o small num-
her of shells. Suech apparently atso oceurs in French Creel, but the
shells of the Allegheny are lighter than those of French Creelk at the
nearest collecting point. Pearl blue is largely Hmited to the Al
legheny Riverand its tributaries. Nacreous colors, are lighter in the
Monogahela than in its tributary, the Cheat. They also tend to
lighten in the Ohio River, but in the Shenango at the headwaters
they are deep vinaccous, (reddish purplel, in hue, lower doyn
beeoming more purplish, Characteristic Stream Colors appear to be,

Prurpte drab Tor Potato Cr,

{ipht Purple Drab for Sandy Cr.

Vinaceous colors for Cheat River.

Light Vinaceous Purple drab in Neshannock Cr.

Light reddish to light purples in the Mahoning, lower dows
becoming purplish lilac to slate purple.

Vinaceous Gray is characteristic of the Ohio.

In Lake Erie:

Presque Isie stands out for its large amount of reddish purple
shadcs, while La Plaisance Bay has grayish purple ones. The great
variability of Presque Isle shells may again be noted. Those from
other 1. Frie localities than those given in L. ¥rie are so small that
percentages are not glven,

In Chautangua Lake the sheifls appear to be mainly white.

Observation on Sex Correlalive Colovation, eic. (15 shebls).”

More males have a pear! blue nacre than females. They alw
have a larger percentage of lilac shades. Females seem to br
characterized by a deeper purple color, and a greater number «f
lilac shades.
4.—Plewrobema obliguum COCCiREUn

‘ RIDGHWAY !
Pale Vinacequs Pink, Light Ochraceous

Salmon, Orange Pink.
Pearl Blue, Venetian Pink, Light Pearl Blue, Burn Bluee

SIMPSON
Rose-Pink
Whitish-red™®

¢ Pure whites appear to be negligible among the shells [ examined.
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Distribution of Colors as a Whole in Upper Ohio Drainage and

L. Frie. (263 shells).

Pearl Dlge and allicd colors..

Pale Vinaceous Pink and ‘llhed (:culm&r ..............

Venetlan Pink and allied colors,

Light Ochracecus Salmon and d”](_d (‘GIOl’b

- d P

e 8%

Distribution of Colors in Upper Ohio Dramage (24.7 SheH%)
Peur] Blue with allied colors. 48%
Venetian Pink with allied COIOl‘b...._ ____________ . e 30%
Pale Vinaceous Pink and allied colors, . RS 78

L1ght Ochraccous Salmon and allied colors

Alle ny Alle"ny Bmm‘r Beatey
Tribs. River Tribs, River
Pearl Blue and allied colors B3 27 30U 46
Venetinn Pink and allied colors m% a30, 3T W3R,

Pale Visaceous Pink and all eol. R A TN {1 S T 37

0

Light Oeliraccous Saltmon &all col... A 2014 A
Distribution of Colors as a Whole in L. Erie,
Pale Vinaceous Pink and allied COLONS e 43 %

Burn Blue and allied colors...
Orange Pink and allied cclors.‘.‘.“.
Light Pearl Blue and allied colors

Distribution in L. Erie—Localities.

Prosyue fele
Boy ay

La Plaisance
Pale Vinaceous Pink, ete......
Burn Blue, ete..._ ...
Drange Pink, ClC e
Light Pearl Bitue, eteo ...

Deductions from Tables of Percentages and P1. 171
Pear? blue as such is more abundant in the Upper Ohio Drainage,
but to explain this apparent discrepancy to the tendencies already
vbserved, it may be pointed out that there are larger percentages
of bluish colors in L. Erie than in the Upper Ohio, furthermore

bluish tints.

hz the Upper Ohio Drainage:

Pearl blues are found to greater extent in the rivers than in their
where the colors are pink and reddish. Iading out
= tendencies are observed in the Allegheny River and It rench Creek,
At the nearest station to the Allegheny River in French Creek they

¢ pinkish, while in the Allegheny itself they are grayish blue.

:
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Characteristic stream colors appear to be,

Yearl blue in the Loyalhanna, altho’ a few are pink.

Pinks and blues are apparently equal in the Shenango, altho'
these colors are seen to merge to a light evayish blue violet, the
pinks fading out.

Pule flesh color in the P
blues, {Plumbage blue).

Pinks and bluces seem equally distrib

Pinkish colars in Slippery Rock Creek.
in L. Iirie
Lilae colors are characteristic

ymatuning with a scattering of deeper

ted in Neshannock Creek.

at Presgue Tsle, Burn Blue at la

Plajsance Bay.
Observation on Sex Correlative Coloration, elc. (r5 shells).
Males possess more pearl blues, less salmon colors, and a tendency
toward lilac colors not found in females. The latter have a pre

ponderance of vivid pinks.

5.—Symphynoia (Lasmigona) costata.

Here closest attention was paid to the color of the nacre in the
wmbonal cavity, as apparently being the most variable.

BRIMUBON RIDGEWAY

Whitish™
Straw colored

Pearl Biae
Pale Dinkish Budf, Pale Ochroceons Hufl,

Sen-shell  Pink, DPale Ochraceous Salmon
Light Bulf, Pale Pinkish Buft.
Distribution of Colors as a Whole in Upper Ohio Drainage and
1,. Erie. (68 shells), )
Pale Pinkish Buff, ete. ...
Pale Ochraceous Buff, ete
Sea shell Pink, ele
Pearl Blue ...
Distribution of
L. Frie. (47 shells.)
Pale Pinkish Bufl, efe e v
Proar] Biue, oloo e
Sea Shell Pink, eten
Pale Pipkish Cinpamon, eie.
Pale Grayish Vinaceous....

probably the real shade.

Colors as a Whole in Upper Ohio Drainage s

VARTATION 18 NAURY
Dhstribution of Colors in Upp

Pale Pinkish Bufl, ete.

Pearl Biue, ete
Sm Shell Pink, etc._...u:r
I’::}e Fuk Cinoamon, ctc
Pinkish Bufl, ete.
Paie Sabmen, etc
Pale Ocliraceous Buﬂ
Ochraceous Buff
T;ij,f!lii Cravish Dlae '\"iol:‘.t.“”ol'.(“
1\:_:!{‘ Cravish Vinaceois v;r I
Salmen Half ’ B

Distribution of Colors as a Wh
P:ﬂe Cehraceous Buff, ete.
]’:}1@. Ochraceous Salmon etc
Light Buff, ete. . ’
Pale Pinkish Buff, etc

Distribution in T, Hrie—T,ocali

Pale Ochraceons Bafl, ete

Pfl}@ Geliraceous Salmon dc -------------
Light Buff, ete.. , T
Pale Pinkish Bulf, <tL o

Pale Sabwon, efe, o

Pale Cinnamaon Djuk vte

Pinkish Bulfl, cte. . .

Deductions from Tables of
‘ AE.; previously noted, the f-"I’(‘;Ll
Spectes to the color of the 1;1':11;)11'11
seemed deeper in the rest of the £1';
hlu.e as a color of the ymbonal u
Ohio. Bufl and salmon colors )xl‘{'
the Upper Ohio, the colors 1;123§f
Inthe Upper Ohio rarnae.
Shells fose theis buff f‘tr]’](.)l'h‘ sl
Alfeghieny. "This oo OUCTrY by ll*‘w
t.‘{i.‘;(‘. also in {le Monongahely Rive
.:‘\s a general rule there seemed to b
Allegheny Tribs. than in the ri\-f
stream colors, besides those shown
Ochraceous Buff in Quemahoning
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wppear to be, .
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roatly equal in the Shmangp, altho
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perlaning with @ scattering of deeper

ally distributed in Neshannock Creek.
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istic at Presque Isle, Burn Blue at La
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slises, less salmon colors, and a tendency
1« in females. ‘The latter have a pre-
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RIDGEWAY
:1;:1 P?:lmilj\'fi:sh Buff, Pale OchraceousrBuﬂ.
Jea-shell Pink, Pale " Ochraceous Salmon
Light Buff, Pale Pinkish Buff.

. & Whole in Upper Ohic Drainage and

Lgible in any part of the ‘shell. Pearl Blue %

e S e e A T
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Distribution of Colors in Upper Ohio Tributaries, ete.
. Allegheny Allegheny Beaver
Tribs, 3
Pale Pinkish Buff, ete........____ 0%,

Pearl Blue, €tc....oo 20%,
Sea Shell Pink, ete..___._. 10%,

Pale Pink Cinnamon, ete...._____ 15%,
Pale Salmon, ete.
Pale Ochraccous Buff. .
Ochraceous Buff. ... .. ..

Light Grayish Biue Violet, ete
Pale Grayish Vinaceous, etc._.
Salmoen Buff

"
YOG
s
4] ','«‘,_J.x.,..m.,,.... . e
I
LS

Distribution of Colors as a Whole in L. Erie. (21 shelis),
Pale Ochraceous Buff, ete._ ..

34 %
Pale Ochraceous Salmon, ete.... ... P S 386,
Light Baff, ete. ... 9%,
Pale Pinkish Buff, ete. ... T 199,

Distribution in I,. Erie—Localities

Presone La Plaisance
Sl @y

Pale Ochraceous Huff, etcn%

Pale Ochraceous Salmon, ete..
Light Buff, ete........._... .

Pale Pinkish Buff, ete. .
Pale Salmon, ete...._..
Pale Cinnamon Pink, ete._.._._____
Pinkish Buff, ete.

Deductions from Tables of Percentages and Pl TT].

As previously noted, the grealest attention was paid in this
species to the color of the umbonal cavity, Shell for shell, the blues
seemed deeper in the rest of the nacre in I,. Trie. altho’ more pearl
blue as a color of the umbonal cavity is reported from the Upper
Ohio, Bull and salmon colors preponderate in L. Lrie, where in
the Upper Ohio, the colors may be pearl blue or pinkish.
tn the Upper Ohio Drainage:

Shells lose their buff colors and become pink going down the
Allegheny. This also occurs in French Creek, and seems to be the
case also in the Monongahela River and possibly in the Shenango.
As a general rule there seemed to be more purely pearl blue in the
Allegheny Tribs, than in the river itself, Other characteristic
stream colors, besides those shown on PL IIII are,

Ochraceous Buff in Quemahoning Cr.
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Pale Pinkish Buff in French Cr.
Pale Pinkish Bufl in Mahoning River.
Geg-shell Pink in Racoon Cr.

[n Lahe Joric:
Presque Isle apparently has a larger proportion of Salmon colots

than La Plaisance Bay.

Observation on Sex Correlgiive Coloration, elc. (5 shells}).

Pearl Blue preponderates in males.
Females have redder colors, with a large proportion of Buff.

6.~ Anodonta grandis.
RIDGEWAY.
Peart Blue, Pale (Gyrayish Blue Violet
Tinted with Purple Vinaceous Pink, Pale Aniline Lxlac
Cream Color Pale Pinkish Bufl.
" Distribution of Colors as a Whole in Upper Oliio Drainage and
¥, Erie. (119 shells ).
Pearl Blue, et
Pale Grayish ﬁluc onlet
Pale Pinkish Buf.
Vinaceous Pink.. T e eaomeeomnm i
THstribution of Colors as a Whole in Upper Ohic Drainage. (o
shells.)
Pearl Blue, etc.. eeeeammant e o s nn
Pale Grayish Biuc V;olet etc

Pate Pinkish Bufl, etco
Vinoeeous Pink, et

Distribution in Upper Obio Tributaries,

SIMPSON
Rluish White

Allegheny Beaver Mgwong,  Tuscgrawas
Tyibs. yifrs. Kiver River
Pearl Blue, et PR/ ). o (S 100 % e 100%
Pale Grayish Blue Violet, ete..ome 33%.. .
Pale Pinkish Bulf, etc.. 21 %

(22 shells.)

- 55%
e 15%

Distribution of Coiors as a Whole in L. Exie.

Pear! Blue, etc. T S e
Pale Pinkish Buff ctc ...................... :

Pale Grayish Blue Violet, ete
Pale Aniline Lilac, etc.

" Deduction from Tables of Percentages and PL IIIT.

Pear! blue has a pr oporntmaﬂy larger representation in I,. Hrie
than in the Upper Ohio. 1. ¥irie hay ¢ additionally more pinkish and

VARIATION IN NACREGUS !

buff colors. Lavenders and grays prt
Drainage.
In the Upper Ohio Drainage:

T the headwuters of Frenel Cro
lower  down bheeomisy pale pn
Shenango, it fades out Trom o pale P
stream regions to pale grayish bhiue vi
is also observed in the Crooked Cr
stream colors are,

Sea-shell pink in the Maloning. Pr
Racoon Creeks, Vinaccous pink i
Tuscarawas River, Pale Grayish ]
Drdinage. -

Shells from Conneaut Loke reset
extent in possessing a light pinkish
In 1. Frie:

Cliaracteristic hues as shown,

Observation on Sex Correlalive

Males have a pear! blue or cream
Females—nale grayish blue violet

7.~~Parapietc

SIMPSON
Faint Purplish Pale Pinki
Bluish Pearl Blue

Distribution of Colors as s Wlol
1. Lrie. (58 shells).
Pensl Biue, 080
Tale Vinkish Lilac, ete.
Pate Conga Pink, ete..
Distribution of Co!ors as a Who
{28 shells).
Pear! Blue, efC, e

Pale Pinkish Eilac, etC.e s
Pale Congo Pink, etc

Distribution in Upper Ohio Tribs

Pearl Blue, etc......
Pale Pinkish Lilac, etc
Pale Congo Pink, ele.
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ifekish B, ‘
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.40%,

T nhutfme
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bufl colors. Lavenders and grays prédominate in the Upper Ohio
Drainage.
In ihe Upper Ohio Drainage:

In the headwaters of French Creek this shell is pearl blue,
lower down  becoming pale gravish blue wviolet. In the
Shenango, it fades out from a pale pinkish cinnamon volor in up-
streant regions to pale grayish blue violet downstream. Tading out
is also observed in the Crooked Creek Drainage. Characteristic
stream colors are,

Sea-shell pink in the Mahoning. Pear] blue in Shippery Rock and
Racoon Creeks, Vinaceous pink in Sugar Creek, Pearl Blue in
Tuscarawas River, Pale Grayish Blue Violet in the Maumee
Drdinage.

Shells from Conneaut Lake resemble those of 1. Brie to some
extent in possessing a light pinkish lilac hue. '
In L. Eric:

Characteristic hues as shown.

Observation on Sex Correlative Coloration, eic. (8 shells).

Males have a pearl blue or cream color.
Females—pale grayish blue violet or pinkish.

y.—Paraptera frapilis )
SIMPSON RIDGEWAY
Paint Purplish Pale Pinkish Lilac, Pale Congo Pmk

Bluish Pearl Blue.
Distribution of Colors as a Whole in Upper Ohio Drainage and

© L. Erie. (58 shells).

= Dearl Blue, et v, hnoerannaare ettt se e sannan sasnrs e ermaneann 207,
¥ Tale Pinkish Lilac, ete......... 50
# FPale Congo Pink, ete 30%,

Distribution of Colors as a Whole i in the Upper Ohio Drainage

© (28 shells).

. Pearl Blue, ete........

209,

© Pale Pinkish Lilae, etc 40%

& Pale Congo Pink, etc 0%
Distribution in Upper Ohio Tribs., etc.

Alegheny Ohilg

: River River

- Pearl Blue, ete......... 10% 15%

- Pale Pinkish Lilac, ete. 55%

Pale Congo Pink, et oo, 90%, 30%
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Distribution of Colors as & Whole in L. Erie (30 shells).

Pearl BIULE, DEC oo 43 %
Pale Pinkish Lilae, ele .- !
Pale Conga PRI, @ECuumrsrressssmesamenssesromsssomseem T

Distribution in L. Frie—Localities.

VPearl Blue, etc
pale Pinkish Lilac, etc
Pale Congo Pinll, EEC.mmmmrermremn e

Deduciions from Tables of Perceniages and Plate 11T,

There is a greater percentage of pearl blue in L. Brie, and therc
are more reddish chells in the Upper (Ohio Drainage.
In the Upper Ohio Drainage:
Less Pearl Blue and more of the reddish colors are present in the
Allegheny River.’ Shades tending toward purplish predominate i
_the Ohio. Shells of this species lighten in ecolor going down the
Allegheny and Obio, at least in the upper stretches of the latter.
In Lake Erie:
Presque Isle possesses more pearl blues and less pink than lu
Plaisance Bay.

Observation on Sex Correlative Coloration, eic. (5 shells).

The males appear to have lighter lilac and pinkish shades.

g —Propiera alala

RIMPSON RIDGEWAY
Coppery purple. Hydranges Pink, Light Pinkish Lilac, Light
Purplish Vizceous, Light Russet Vingeeous,
- Light. Purplish Lilac,
Distribution of Color in Upper Ohio Drainage and Lake Erie s
a Whole. (55 shells).
Hydrangea Pintk, BEC.commemmmrremsemsnem e
Light Pinkish Lilae, €t eemen e
Light Purplish Vinaceous, L3 T —
Light Russet Y HRBOEOUS, EUGunnsmsresorosr s e T
Distribution of Colors as a Whole in Upper Ohio Drainage. (23
shells).
Hydrangea Pink, EUCcesimmnannmmsmers IS
Light purphish Vinaceous, 2% L AU
Light Russet Vinaceous, €10
Light Pinkisk TIEAC - carenmsrncsmmmrmrmesns
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Distribution in Upper Okio Tributaries.

Alle'ny Riv' Monong, Riv. Ohio Riv.
Light Purplish Vinaceous, ete...... 66%... .. 600, . 33 %
Light Russet Vinaceous, ete........30%.. . 400 33%-
Hydrangea Pink, ete...oovc40% 32%
Distribution of Colors as a Whole in L. Erie (31 shells). .
Hydrangea Pink, Ltczs%
Light Purplish Lilac, etC. oo 50%,
Grayish Vinaceous, €€ oo 259,
Distribution in I, Tirie—Toecalitios,
La Ploisapce Cedar Presyug
Boy Puint Fsle
Hydrangea Pink, ete..oooe ... L L A 129
Light Purplish Vinaceous, (S22 T 3 1A T 44 %
Light Purplish Lilac, etc58%44%

Deductions from Tables of Percentages and Pl IT].

Lake Yrie shells appear to be of a more uniform lilac Iue, while
there is a greater proportion of pinks and purples in the Upper Ohio
Drainage.

In the Upper Ohio Drainage:

The nacreous color seems to be lighter in the Ohio than either
the Allegheny or the Monongahela. Coppery purple, (Tight Russet
Vinaceous), is most prominent in the Monongabela, A tendency
to lighten going down stream is seen in the Allegheny,

In Lake Erie:

La Plaisance Bay stands out for a greater proportion of pinks,

Cedar Point for Lilac purple, and Presque Isle for dark purple colors.

Observation on Sex Correlalive Coloration, etc. (6 shells).
Males——pinkish or lilac.
Females—purple or russet.

9.—Anodonioides ferrussacianus.

1

Here the general tone of the nacre color—not merely the irides-
scence~—was considered.,

SIMPSON RIDGEWAY
Bluish-white . Lavender, Grayish Blue Violet, Pale Grayish
Blue Violet . :
Bhish Pearl Blue, Pale Aniline Lilnc.

Distribution of Colors as a Whole in the Upper Ohio Drainage.
and Lake Erie. (6¢ shells).
Pale Aniline Lilac, 40,27 oo 26%'
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Peari Blue, el s
Favender, etc
Gravish Blue Vielet, eto s

Distribution of Colors as o Whole in the Upper Ohio Drmmm
{45 sliclls).
Pearl Biue, efCo e
Pate Aniline Lilac, eteo...
Lavender, et s
Light Grayish Blue Violet, etc..

Dhstribution of Colors in the Upper Ohio Tribs., etc.

Allegheny Beaver
Tribs. Tribs.
Pearl BILE, SLCmomasrmacmerrmmmss s s e ; 20%

159

Pate Amniline Lilac, ete
25%

Lavender, ete.

Light Grayish liiue Vioiet, etc e e a0,
Pristribution of Colors as a ‘Whole it Lake Lne (24 shells)
Pule Aniline Lilac, eic ot dh

£if
25 .-e’

e 10%

Pearl Blue, ete..
Pale Grayish Blue Violet, (:t(:
Lavender, eic

Distribution in I. Frie—Localities.

Presque Mawriece
River River (,feek

Pale Aniline Lilac, et
Pale Blue, etc..
Pale Grayish Biue leet etc
Tavender, €. rmiamensmmramemmsnrmesen
Deductions from Tables of Percentages and P 111
There are more pearl blue, lilac and their related colors in L
lirie than in the Upper Olio Thraipape, but there are Tess of &

lavender hue.
In the Upper Ohio Drainage:

Lilac colors appeat to predominate in the Allegheny ‘Tributarics
as against lavender in the Beaver Tribs, Conneaut Creek draining
into L. Erie possesses more pearl blue shells than either the Beaver,
Shenango, or Allegheny Rivers. Descending French Creek, the
aacre of the species appears to lighten. Pale grayish Blue Violet i
characteristic of the French Creek, while Pearl Blue is more typicst
of the Shenango.

I'n Lake Erie:

Presque Isle stands out for lilac colors; the Maumee River

which draing into it, possesses o great deal of lavender,

VARIATION N MAURITOS

N Observation ow Sex Correlative 1
) {falles tend toward lavender colors,
ns i RS T ‘
: -V\-«(..I as a few others deall  wit!
Jstify any definite concelsion

color with TRERLT

the sex o the snjmnl,

_— Fowr puie
Yy x
Purple Light Pinkis
Pale Congo
Pearl Rlue
: White
Distribution of Colors as a Whole
and Lake Frie. (54 shells) .
Pearl Blue, ctc '
White, cte,
Light IMinkish ,l!a-t‘l ;VI(W
Light Purplish Vicaee N,

Bluish White
Whitish

e
Distribution of ¢ .
olors as a !
(33 shells), i
Pearl Blue, ete...
White, etc

I)l%trlbutmn of (,oims in Upp("m()hi\

A l{fim‘l Hey

Pear] Blll@, ete, T'rabs.
White, cte.. T 34 O
Light Piniish Lilae, etc,. .16{,? -
Light Purplish “.'i“,m'.m,_u_“(,At_"(':‘ o ‘:;Eff’
TN

Disiribution of Colors as a Whole
Pearl Biue, ete.. o
Light Pinkish L}]’}.C th
Light Purplish Vumceous ete
fale Congo Pink, ete.

Distribuiti i
¢ io ake Fni iti
1 in Lake Erie—Iocalitie

H‘dli BILI( cte..

1lL (,ongo PmL, etc

Deductions from Tables of Perce
A greater amount of Pearl Blie and
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Observation on Sex Correlabive Coloralion, cle. (3 shells).
Males tend toward lavender colors, females blue. In this specics,
as well as a few others dealt with, the numbers used hardly ‘
justify any definite conclusion as to the association of nacreous o
color with the sex of the animal.

e 25
1)
22

o+ Ohio Drainage.

1L .
1o0.—hLurynia recla.
1. L Euryriarecta
22% SIMPSON RIDGRWAY
289, Purple Light Pinkish Lilac, Light Purplish Vinaceous,
T Pale Congo Pink.
., ete, Bluish White Pearl Blue
'0!1;:1&' %?,f"-'éf;: Whitish  White :
Yo,
§4 T 90"25 Distribution of Colors as a Whole in the Upper Ohio Drainage
57 %0 :: é" and Take Tirie, (54 shells),
A L ] E
o 40% @ Pearl Blue, ete....., R en ettt eeet e e e eme e eee e
B

@ White, ete ...

e. (24 shells) Light Pinkish Lilac, ete......l....._.

Pearl Blue, ete.....ooooee

§ Light Purplish Vinaceous, etc 1507
§ Distribution of Colors as a Whole in the Upper Ohio Drainage
_ (33 shells). o

. o White, ete, e
i . e s ;
Moumee C"S;’:ﬁi: 2 Light Pinkish Lilaec, ete...
jrer =

26 % ight Purplish Vinaceous, etc....___..._.
Distribution of Colors in Upper Chio Tributaries, etc.
3 ') Alleghney . Alleghney Miia Tuscarawas
f}/ ...... 2 'f‘n{;s. River . Riwer River
A _ = Penrl Blue, ete o368 60
el PLTTT. S White, eten 36
colated colors in 1, % Light Pinkish Lilae, ete 166G, 209,

ight Purplish Vinaceous, ete... . R &1 SN 20%,

there are less of & b Purphs : ' o
Distribution of Colors as a Whole;n Lake Erie. (21 sheils).

ght Pinkish Lilae, ete 309,

Ll oy 1
\llegheny Tributaries dght Purplisk Vinaceous, ete... ...

neant Creek draming 2 fale Conge Pink, ete.oo._... . 129
st either the Beaver. & Distribution in Lake Erie—Localitics.

+ Trencl Creek, tiw . Cedar Poinl Pesgue fsle
_;grayish Blue Violet 1 eark Blue, etQ. oo R 1ol /S 369%

ight Pinkish Lilae, ete
o gkt Purplish Vinnecous, efou. .o
e Congo Pink, etea ..

ia LR, (f'
4 3ue is more typioa 347,

River Deductions from Tables of Peycentages and Pl IT].
sumee
the Moum A greater amount of Pearl blue and light purple exists in Lake

i of lavender.

T
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Erie. White, in any abundance, is found most in the Upper QOhio
Drainage.
Inthe Upper Ohic Drainage:

Pinkish colors predommate in the Allegheny Tributaries, white
pear! blue in the river. The Ohio and Tuscarawas Rivers show the
greatest percentage of Pearl Blue. A fading out 1% seen desc:nndmg
the Allegheny. Characteristic stream colors are,

Light Pinkish Lilac in the Allegheny. White in the Ohio.

In Lake Erie:

Where Cedar Point possesses more pearl blue, Presque Tsle has
more pinkish and purplish colors, :

In Chautauqua Lake the prevailing color is a vinaceous pink.

Observation on Sex Correlative Coloraiion, etc. (33 shells).

The nacre of the males seems to be prevailingly purplish; that
- of the females, pinkish. Pearl Blue is about evenly represented
in both sexes. : '

11.Lampsilis luteola

SIMPSON . RIDGEWAY.
Blue -~ Pear! Blue
Bluish White Pale Grayish Btue Violet, White
Straw Colored, Pink Light Pinkish Lilac, Pale Rhodonite Pink

Distribution of Cotors as a Whole in the Upper Lhio Drainage and
TLake FErie (289 shells).

Light Pinkish LiIac, €10 . e s 15
Pearl Biue, el .o P : ERELA
TWIHILE, @10 i icie e e e
Pate Grayish Blue Violet, ete..

Distribution of Colors as a Whole in Upper Lhm Dumagz
(187 shells).

Eight Pinkish Lilae, BEe e
White, etc.

Peart Blue, etc
Pale Grayish Biue leet etc e e e e e 38

Distributizn in Upper tho ’lrlbs, ete.

Alle'ny ~ Alle'ny  Monong. Monong Ohio Braver
Tribs. River Tribs. River River Drainage

Light Pinkish Lilac, etConedd Vg0 % 50% L 60%, .50 Dpuedz s
Pale Grayish Blue Violet, ete...14 % ;
~ Pear]l Blue, (53 T TOROTR 1 3
White, ete. s DU, b

VARTATION IN NACE]

Distribution of Celors asa
Pearl Blue, c:tc .....................
White, etc _ e
Light Pmkﬁh Lxhc ctc ....... .

Pale Rhodonite Pink, ctc

Distribution in Lake Trie—
I

Pearl Blue, ete,. .
White, eto.... ...

Light Pinkish Lilac.........._ ...
Pale Rhodonite Pink, ete ... ...

Deductions from Tebies

Pearl Blue as well as white is
Upper Ohio has more shades of |
is a color comprised to large ex
grayish blue violet is largely r
In the Upper Ohio Drainage:

Pinkish colors predontinate in
the rivers.

There is less pink in the Ohi
white is not present in the trity
Blue Violet seems characteristic
while there is less pearl blue in ¢
more white. A fading out is see
heny, Monongahela, and Shenar
Creek. Characteristic stregm co

Light Pinkish Lilac to Pear] B
Blue Violet in French Creek, whi
in Conewango Creck.

In' Lake Erie:

Light Pinkish Lilac predemin:
Lighter Pink represents Cedar )
between the two with regard to
the Maumee Drainage. In this as
istic colors not mentioned for an-
Pl 111 '

Pale Persian Lilac is a typice
Lake, while a more pinkish vari
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, 11 found most in the Upper Ohio
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dream colors are, ) .
lfewlieny. White in the Ohio.

S more pearl blue, Presque Isle has
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. Blue is about evenly represented
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RIDGEWAY.

I Bive ]
firayish Blue Vielet, White L
¢ Pinkish Lilwe, Pale Rhodonite Pink,

ol in the Upper Lhio Drainage and

.................................... 35%

4 Whole in Upper Lhio Drainage

-30%%

35T

v Tribs, cte.

ay - Alle'ny  Monong, Morong Bravey

Ohio '
River Drainage

. River Tribs. River
e 505 60T 50%..._,_4:"{5j

A 50T icenenc et eenennna 31 ’Jf-i;

----- 18 %13
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Distribution of Colors as a Whole in Lake Erie {117 shells).
Pearl Blue, ete._..... '
White, ete.. ol
Light Pinkish Lilac, ete..
Pale Rhodonite Pink, ete

Distribution in Lake Erie—Localities.

La Plaisance Cedar Presque Maumee

ay oint fsle Dyvainage

Pearl Blue, ete, oo 0%, i 2097
White, etc... e .33 %
Light Pinkish Lilac...u.w,...‘...uw.".,....__.soOU‘.

Pate Rhodonite Pink, ete . ... 7

Deductions from Tables of Percentages and Pi. {rr.

Pearl Blue as well as white is more abundant in L. Erie, but the
Upper Ohio has more shades of Light Pinkish Lilac, Pink, however,
is & color comprised to large extent in Take Erie shells, while pale
grayish blue violet is largely represented in the Ohio.

In the Upper Ohio Drainage:

Pinkish colors predominate in the Allegheny Tribs., but blues in
the rivers. -

There is less pink in the Ohio than in the Monongahela, while
white is not present in the tributarics of the latter. Pale Grayish
Blie Violet seems characteristic of the Beaver Tribs. as a whote,
while there is less pearl blue in the Ohio than in the Allegheny, but
more white. A fading out ig seen going down stream in the Alleg-
heny, Monongahela, and Shenango Rivers as well as in the French
Creek. Characteristic stream colors are;

Light Pinkish Lilac to Pear] Blue in the Allegheny, Pale Grayish
Blue Violet in French Creck, white with a Light Pinkish Lilac tinge
in Conewango Creek.

In' Lake Erie: ]

Light Pinkish Lilac predominates at La Plaisance Bay, while a
lighter Pink represents Cedar Point. Presque TIsle is apparently
between the two with regard to color, in this respect rescinbling
the Maumee Drainage. In this as well as in other species, character-
istic colors not mentioned for any given locality are obtained from

PLOIIL.

Pale Persian Lilac is a typical color for shells from Conneaut

- Lake, while a more pinkish variety of this—pale pinkish lilac—is




234 ; THE AMERICAN MIDLAND NATURALIST
characteristic of Chautauqua Lake.® Greater uniformity of nacre
color was found in this than in any other species, a fact somewhat
associating itself with the ubiquitous distribution of the species.

Observation on Sex Correlative Coloration, etc. (94 shells).

Males—Pinkish lilac, and apparently a greater proportion of
white. -
Pemales—Pale grayish blue violet

slightly more pearl blue.

12.-—Lampsilis ovata

SIMPSON RIDGEWAY
Silvery White .
Bluish white Pearl blue, Pale Cravish Blue Violet
Pink Light Pinkish Lilac, Pale Purplish Vinaceous.

Distribution of Colors as a Whole in the Upper Ohio Drainage
and Lake Erie. {214 shells). :

7
D1+ 1A
20,

Pearl Blue, ete
White, etc.......

Light Pinkish Lilac, ete...... 309
* Pale CGrayish Blae Viblet, ete.. 119

Pale Purplish Vinaceous, et e 159
Distribution of Colors as a Whole in Upper Ohio Drainage.

{188 shells). _

Pear]l Blue, o e e et e e mn e meem e

Light Pinkish Lilac, etC. e

White, etc N .
Pale Grayish Blue Violet, @€ e
Pale Purplish Vinaceous, edC. e eeeve e aeeav e aae i 185
Distribution in Upper Ohio Tribs., etc.
Alle'ny  Alle'my  Ohio Ohio Beaver  Beaver
Trabs. River River Tribs. River Tribs.
Pearl Blue, etcocicrceceed 20 %22 914 %10 % 35 %2
Light Pinkish Lilac, et 25 % 24 %o 386 %40 Yo 4%
W e 20% 229 28T X3 Y 6T
Pale Grayish Blue Vietet, ete. .17 %..... 18, 129 28 Y 16T s
Pueplish Vinaceons, ete. .. 157 S S AW £ 0T & N X LA

Distribution of Colors as a Whole in 1. Erie, (26 shells).

Pear] BIUE, €L oo cemrricnesera st rensim st sarrana e m e e emeenm s emeapn s seeeae D
Light Pinkish Tilac, ete oo ae e e et e m s e eens 23%

R UL T 1 OO

* My observations on all lake specimens of this species: correspond with
those of Baker concerning it in Oneida Lake, N, VY. Baker, F. C., Th
Relation of Mollusks to Fish in Oneida Lake, Tech, Pub. No. 4. N. V.
State College of Forestry, Syracuse, 1916, p. 41,
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Pale Grayish Bine Violet, ete... . - e 13 9%,
Pale Purplish Vinaceous, ete ... U 3 1.
Distribution in ake Erie—T,0calities, and Chautauqua Lake.
La Plaisance Cedar P;‘eﬁgue Chautqugua
av Paing Isle Lake
& Fearl Blue, ete 25D 24 % 2597 409,
4 Light Pinkish Lilac, ete... 25 D, 32 Vi, 429, 35%,
afe Pinkish Vinaceous, ete 37 Y 33%... 139.. 2397
Fale Grayish Biue Violet, etex2 % L8 87/ 20 e

Deductions from Tables of Percentages and P1. IT].

Pearl Blue and White are most abundant in L. Erie and there is

fhee Violet nre most peculiar to the Upper Ohio drainage,
In the Upper Ohio Drainage: '

The rivers have more Pearl Blue and White than the tribs. but
lrss Light Pinkish Lilac and less Pale Grayish Blue Violet. General
thades of Pinks and Pearl Blues are about evenly distributed
throughout this drainage. About the same percentage of biues
ists in the Al]egheny and Beaver Drainages, while White ig most

general rule. Fading is seen going down stream in the
Ohio, Shenango, and Little Beaver Rivers.
tolors are best indicated in PI. TII.

[ Lake Erie:

Allegheny,
Characteristic streamn

Here white and pearl blues are practically equivalent. Most of

the Light Pinkish Lilac colors are at Presque Isle Bay; Pale Purplish

while Cedar Point has more

wrplish colors than Presque Isle, it has less than La Plaisance Bay,
Pearl Blue predominates in Chatauqua Lake.

Observation on Sex. Correlative Coloralion, elc. (84 shells)ﬁ. »

Males may either be white, pinkish lilac or ‘pearl blue,
Females are purplish vinaceous.

VI.—ConNcLusrons.

1o I eertain species, {as may be inferred from the tuble dealing
tith the distribution of eolors as & whole), there exists a wider
wge of variation of nacreous color than is indicated by standard
pecific descriptions. :

2. In practically all the species dealt with, a change in nacreous
dor is observed going down stream from the headwaters to the
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moutls, ‘Phe wsual tendeney is for the nacreous color to considerably
lighten or become bluish.

3. ‘The hells of L, Lrie have a greater proportion of blues among
them than the corresponding shells in the Upper Ohio Drainage.
and Maumee Drainages. The shells of Conneaut and Chautauqua
Lakes have the same relation.

Other conclusions, not however as completely substantiated as
those given above, but still so evident from the present data as to
descrve mention are:

¢ Dach drainage leaves its own jmprint on the shells collected
from it in the form at least of an associated peculiay tone of nacr
color. (This has already been observed witlt regard Lo other plysical
characters). While the sanw “'relative colors” may be present in
different drainages, these arc usually distinguished when necessary
by varying proportions of other coiors.

2. As a rule, the color distinction may be carried so far as to say
tentatively at least, that certain shades of nacre color are charac
teristic of certain localities in a given body of water. While as ol
served in the chart, this is best observed in the case of Presque Tsle
shells, ample verification is obtainable in sheils from the Upper
Ohio Drainage.

3. So far as we may congider results obtained from a sl
number of shells in many cases, s¢X correlative coloration seems to
be associated with nacre color.

VI —SUGGHSTIONS AS TO Causng oF Facrs.

Introductory remarks embody the writers' comments on the first

of these conclusions. Any plausible explanation of the second would
found in the physical and chemical conditions under
shells Hive. A summary of the physical and chemival
frie lue

seem to be
which the
conditions present in the Upper Obie Drainage and L.
been given. Perhaps that physical condition most applying o the
problem of nacreous color is the warmer temperature of the water
in tie former, for it has been seen that as a rule, Upper Ohio shebis
possess more pigment than those of L. Iirie. Pigment is the result
of chemical reaction, and cliemical reactions i generad are increased
by the amount of heat.

Wilson and Clark, (18, 19) were inclined to associate with the
fading out of the nacreous color of Elliptio an abundance of lime
and, (conversely), the want of humic acid in the lower stretches ol

R et
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the stream.” Humic acid” seems to be an indefinite chemical term
applied to several acid compounds having their origin in the decay
of vegetable matter. It is commonly supposed to impart. its straw
colored to deeper hues to the streams in which it is found. Such a
stream s the Shenango R, fed by Pymatuning Creck which in

e draiss o sweaanp, For Lhe reason ()
kumus are, ynder present conditiony
the headwaters of streams,

at forests with their rosidaal
at least, moest abundant near
it may be reasonably supposed that
Humic Acid, if any, is most abundant there. As an acid, it must
tend to be neutralized fater in those streams having an abundance
of lime, (CaCO03), and consequently disappear, for analyses of the
water in various parts of the Upper Drainage where the shells were
collected (6,10), show that there 15 an increase in the amount of
lime present and allcalinity in general going down stream, with a
toaverse reduction, it may be assumed, of any acidity. Faussek, (2),
in studies with marine pelecypods came to the conclusion that water
containing acid promoted the formation of pigment, while he
believed that Hyht played no part in this provess, List, (11),
amother observer was inclined to eredit the importance of light as a
factor in pigment formation. As the headwaters are freer from silt
than those of the lower stretches, we have according
vestigators, more ideal conditions for the production
there than further down stream, where as a matter of f
shundant.

to tizese in-
of pigment
act it is less
In this behaviour of nacreous color of Najades in up-
stream regions we have g rough analogue to that of the reaction
of litmus to acids snd alkalies. Further, the water of 1. Erie differs
from that of the Upper Ohio Drainage and its lower regions in
possessing a greater amount of Ime and general alkalinity, especially
(o note after any humic acid entering the lake has been neutralized,
Lo Yirie waters alse contain certain chemicals such gy magnesinm
swlfate and ehloride, which are notfound, at east in similar (uantity,
tinthe Upper Ohio Drainage. Now L.

2 trie shells have been found to
%have greater percentages of Blue. ‘I'his corresponds with the re-

wtion of litmus toward alkaline solutions. '
A second analogous example and one more closely related to the
flactors concerned in the case is the behavior of iron compounds
ward COz2 (r3). It is known that Humic Acid attacks the iron
aides, (Fe203) which color soil red or yellow, and reduces these
ompounds to ferrous oxide. Ferrous oxide then unites with the
02 omunipresent in soil water, forming ferrous carbonate,a colorless
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compound. As the result of these interactions the ground beneath
humus deposits is usually found bleached. Clays, originally red
or yvellow, may become black, green or blue from the organic matter
contained and from the effects of this proces:, When clay is burned,
the orpanic matter and ferrous carbonate contained s oxidized,
ated red Drick s formed for whose red color the iron oxide is re
sponsible. Now analy-es of the shells of 4 comman species ol
Najades furniched through the courtesy of the Commissioner of
T'isheries, Washington, Ib. C., show that the differences in composi-
tion between them is greatest and most marked in the content of
organic matter, iron, alumina and phosphoric acid. The first three
of these arc hmportant censtituents of soil, and are known to be
responsible for the colors of many minerals, The greater rapidity
of current, rapids, ete., of the headwaters of streams makes for their
greater oxygenation, and this available oxygen may so react with
these minerals of the shell as to produce the deeper colors character-
istic of the headwaters in a fashion corresponding to the processes
described, Further down stream, siiE and slow moving walers ns
well ag other conditions may fend to inhibit the oxidative process,
and, similarly there may follow a greater inclusion of organic matter
in the shell, possibly from the silt itself, resulting in other than the
red or yellowish colors allied fo iron oxide. A relatively similar
situation is found in L. Frie, which has fess silt but lighter colored
shells. The lighter colors of L. Frie shells may be closest related to
the degree of aikalinityv of the water. As the natural conditions
of the Upper Ohio Drainage are also largely similar to those of the
streams draining into 1. Erie, a similar explanation may be assumed
for their colors. Another alternative hardly consistent with the
above facts is that the concentration of humic actd toward the
monlh of the strenm becomes sufliciont to bleach or lighten the
cotors whose basis is ron. The improbability of this latter becowes
clearer when it be remembered that lime also increases in amousnt
going down stream. A more reasonable explanation is that CO:
whether of the soil water or released from combination hy the
interaction of humic acid and lime, attacks the ferric or ferrous
oxide, already present in the shells and produces ferrous carbonate,
which colorless compound may be responsible for the lightening
of hues ohserved. Such an explanation at least embraces maost of
the phiysical and chemical conditions known, and is certainly applic:
able to the many curious facts concerning the nacreous color known
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to expericneed collectors. With regard Lo the part iron plays in the
coloration of the shells of these animals, it is suggestively recatled
that it is the basis of many animal and plant. pigments such as
aemeglobin, bilirubin, chlorophyll, ete.

Speculations here may be unbridied as in other fields and the
only thing to qualify it is experimental proof. It may be noted
that in many organisms strong production of pigmenl has been
considered cvidence of progressive metaholism and sometimes
& associated with “‘femaleness” in particular.

Beside

In other organisms
g the Mollusca it has been also associated with amount of
§ oxygen present, and under the physical conditions the waters of
© the Upper Ghio are as o whole belter oxypgenated than those of
§ L. Tirie. Some of the observations bear out in part observations on
2 another group of the Mollusca, the Chitons, where Crozier, (1)
has found a more brilliant coloring of the soft parts associated with
the “female™ condition, beli lieving it merely to be the result of a
“metabolic accident.” From the evidence given, there may be
| reason to state that the nacreous “ground color” of shells, from
: which all colors are produced by modification, is a Pear! Blue
“whitish” hie. Dr., A, E. Ortman in an unpublished paper whicly
annﬁrms observations of several other investigators, has shown
that the shells in the headwaters of streams are usually smaller
and more Cmnpreswd than the same Hpocw% in the lower stretelies,
- where they have become more highly inflated. Some factor in tht,
environment may thus inhibit the full physical development of the
shell in the headwaters, but its racial metabolism, evident in
5§hreqter development down stream, may find an outlet in the
gproductmn of pigment, a variation hardly as harmful to it as
% increase in size and inflation would be in the swift streams of the
eadwaters. Against the above we have the check of Koifoids
observation, {g), that the plankton elements on which these
creatures feed inerease with the temperature, and are more abun-
lant in the lower stretches of the stream where there is more silt,

i3]

%

. id where the shells are more highly inflated. Finally it must be
wmembered that in so far as outside eonditions are concerned, the
Jncre throughout Life is protected by the greater thickness of the
shell.

In the preceding, endeavor has been made to consider the more
plausible factors responsible for variation in nacreous color among
the Najades. If a theory of "' progressive metabilism’’ in organisms
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be held accountable in any way for variation in the nacreous
color of Najades, a factor of possible connection is that of the age
of the mussels. In obtaining any light upon the relation of the
nacreous color and the age of the animal, o difficulty which presents
itsel s the accurate determination of the latter. [sely® who has
probably made the most extensive study of tie growth of Trest
Water Mussels, states that ordinarily the prominent rings of
the shell are presumably winter rings, (detayed growth), and
Ctherefore exch may represent a year of the animals life. However,
vings may develop as the romit of unfavorable conditions such as
water shrinkage, temporary strasding, ete, aad al any e of
the year, Morcover, the rate of growth is varmuble for individuals
of a single species in the same stream apparently depending on
conditions of food, oxygen ete. . . . Growth may also slow dows
after sexual maturity. All these anfavorable conditions probably
act to some degree on shells in the Upper Ohin Drainage. Howevey
at the time the color date was recorded, the writer estimated the
age of these and those from L. Frie by counting the rings of greatest
prominence, which Isely indicates are presumably the winter rost
rings. Here it may he remarked as already shown cleewlhere, (30,
that the shells of I, Eric are under more stable conditions, and
greater confidestce miy e placed in sucl a methad of estimating
the age of them. This latter fact was the Dasis of a cheek i the
following procedure. '

There was only the task of rearranging the different recorded
colors by classes of the estimated age, and tais being doge to sec
whether association was evident between the recordled nues and the
estimated age. As insufficient space prevents reproduction of the
tabulations thus secured, it can on}y he stated that all of the colers
of all species were found to be didgtributed through all ages rathes
than being peculiar of certain ones. Certain generalizations an
worthy of note, that as a rule deeper colors in all species fade

* Isely, F. B “Rixperimental Stwdy of Growth and Migration of Fret
C Water Mussels””  Bureau of Risheries Document, o2 {1914)

t Thus with age, {using terminology of Spmpson); in Fusconaia, il
percentage of whites and saimens increase, rose tints decrease; Amblens
the bluish colors tend toward lilae shades; salmon, straw, and white inerci-
in Elliptio, purples become lighter as also in Proplera and Paraptery; i
reds fade out in Plenrobema and the salmons and buf in Symphnuote, wies
the pinkish hues hecome more prominent, Blnish white inicreases in Arodesi:
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5 .
¢ with age, most of them tending to revert back to the “pearl hine
ar whitish”” ground color. Himilur treatment of 1.. Trie shells apart
from those of the Upper Ohlo corroborate this finding. But to be
usidered with such a gencralization, is the fact that very fre-
guently Iarge nos. of shells of different ages from the same locality
show an almost uniform nacre color.

X, RELATIVE VARIATION IN NACREOUS COLOR N THE SPECIES
- Diart Wits, _

The shells were so unevenly distributed with regard to localities,
that it was impossible to determine those places where the greatest
amount of nacreous color took place. Some idea may be obtained
from Pl Iil. In an effort to make a balanced determination of the
relative variability of nacreous color among them a rough and
arbitrary comparison was taken by dividing the number of “relative
colors™ observed in each shell by the aumber of that species ex-
smined. Rough as the writer feels his methods to have been in
exploring this uncharted field, it scems that within the Hmits of
this investigation that the larger number of shells is apparently
ssoctinted with less variation in nacre color, (At the saume tme,
these results are hardly fair for those species represented by a
small number of specimens. Results from this method show the
relative variability of the shells to be as indicated in the f{ollowing
table. : ‘

No. of Relative No. of Faclor

Colors Taken Shells Colewlaled

Fo BUPYRia PRCAG oL .53

2. Proplere alata....... 47
7. Paraplere fragilis 40
4. P. obliguum coecin .20
= 5. Amblema plicait. o 18
g 6. Anadont ferrussacignus... 17
%5;7 Anodonta grawdis oo BRI
B Fauscomafa fH e R
G LA PITILS 0VORE.. 14
1o, Blliptio dilatatus 13
11, Symphynola co50af@.. . ceiirnns 13
12. Lawmpsilis luteola ... 2B 289 .09

A similar study of variation in Epidermal Color in the animals is expected
to appear in a later number of this publication.

and Anodontoides, while the purples tend to disappear. Eurynia, L. Iuteola,
and L. ovgte appear to retain their vivid colors to later age than the rest
- of the species, but all of the Intter tend to revert to ' blujsh-white,”
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Sourens o TRROR,

The Ridgeway Nomenclature was used carclully following
directions given in it. Tt may well be urged that the sense of color
is so varied in its development among huminity that resulis of
this kind may not have the same significance for a great number of
those interested in these problems. But the sarmc criticism could
be applied to the ornithologist who uses the Nomenclature, “Ihe
writers confidence in his own observations is largely based on the
fact that U. 5. Army ests have shown his sense of sight to be normal
in every respect.

It is also true that at times the mussels migrate from place to
Hace i the same siream and from the river inte the tributary,
Where a sinall nember of shells were used in meking a comparison,
this might have some effect on the results obtained, but as the
evidence of most observers is that migration is comparatively
rare among them, this can have hardly any effect on the general
impressions this paper has hoped to convey. !

Washington and Jefferson College,

Washington, Pa.
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A great loss to the sciencé,of tayonomical Botany was felt when
Dr. Lunell passed away at Leeds, North Dakota, on Thursday,
May 27, 1g920. Living nearly all /his life in a region which botan-
ically was a fertile field for invdstipation scarcely worked up in a
painstaking and orderly wayj he brought to his avocation a
love of nature, a clear discerning‘judgment of specific differences,
and well trained classical edug¢ation, He was born in an old castle,
“Kalmar Fort,” a beautifu} place facing the Baltic Sea which
was built about the year 1goo. His early schooling was finished
with unusual honors. His gtudies in fpedicine was finished at the
great and historical University of Upshla where Linnacus himself
was professor over a cefitury previous, The remarkably broad
education in medicine, /classics, naturei\}; science which he pos-
sessed was augmented by a keen appreciative love of music as
well as proficiency in modern languages. ‘During his six years of
study at Upsala he spgnt his vacation as tdfor in latin and masic.
Among the books he/ wrote and translated ‘about this time were
some in branches
Physicians’ Dietary Cook Book, and a Cook Beok on Mushrooms,
He translated info Swedish, his native tongye, from German,
French, and English the following works. Physiologie de Got
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