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INTRODUCTION

In the course of fleld studies on the mussel bids of the upper } \Imsmmp}:n con-
ducted during the past three years, considerable numbers of dead and dying mussels
have been found in various iocahtlc&, once very produclive of commoreial shells. In
addition, a large per cent of the glochidia, taken Trom female mussels Living in tho
same nreas, have been dead or disonsed, indicating tho existonce of conditions whieh
are reducing the natural reproduction of ovon such adult mussels ns ave able to withe
stand the environment. It is well established that progressive changes in strenn
conditions, resulting from the needs of navigation and from contamination thyos wlz
municipal and indusirial wastes, have muterially altered the natural habitass of tho
fresh-water mussels o many points in tlie Mississippi drainagze.  In order to evaluste
the effects of these changes on the mussel fauna, particularly tho offcets of municipsl
and industrial wastes on the mussels themselves, a series of physiologieal studies on
fresh-water mussels has been undertaken.

In the fresh-water mussels the blood is associated not only with nutrition, respira-
tion, excretion, and the general well-being of the individual as in the higher animals,
but the blood also has a special mechanical funetion in connection with the peculinr
locomotxon of fresh-water muss ls.  The “foot,” the. muscular organ o{ loc()mohon
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which is extruded boetween the valves of the shell, may be expanded during ackivity
to ranny times its retracted volume by an inflowing of blood which can be held in the
toot. A considerable volume of bleod is required for this proeedure and provision
must be made for this fluid when the foot s retracted into the shell.  Conscquently
the volume of blood in proportion to the size of the animal s large, and there are
numerous sinuses—that is, reservoirs for Llood—in various paris of the body. (See
figs. 1,2, 6, 7, and 8.)

Although no data are available for the exact total volume of the blood of fresh-
water mussels, Weinland {(1919) gives some figures on the relative weights of the shell,
the soft parts, and the body uid of the Furonean fresh-water mussel, Anodonta
eygnea, which are suggestive “ this conneetion, e deseribes the fluid as that which
could be drained or casily pressed from the soft parts of the animal, so his figures do
not apply to blood alene, nor do they necessarily represent all of the blood; but the
major portion of this fluid was Blood. e found this body fluid as deseribed to con-
atitute from 46 to 57 per cent of the total welght of the snimal, including the shell, or
alinost two and one-half times the weight of the drained soft parts.

Tn view of the large volume of blood in & tresh-water mussel and tho importance
of this fluid not only in the general metabolism but in the locomotion of the animal,
the blood has been used ag a starting point for ¢he physiological studies of fresh-water
mussels, as the hiood is known to reflect the condition of the individual in both health
and disease in the higher animals.

NORMAL BLOOD OF FRESH-WATER MUSSELS
METHOD OF TAKING SAMPLES

As the first task in these studies was the determination of the normal values for
fresh-water mussel blood from which deviation as produced by various factors could
be observed, only vigorous individusls taken direetly from the water were used uniess
otherwise stated. All animals failing %o give prompt and strong contractions of the
pedal muscle and mantle mergin, and in which the heart wus not beating regularly
when the vulves were opened, were rejected from these groups of normals.

In taking biood for analyses eare was used to avoid dilution with the water con-
tained in the gill cavities of the animial.  The two shells were opened gently with
mussel tongs {Coker, Shira, Clari, and Howerd, 1921), and the water allowed to
drain oub of the il and muntle eavitios. The two large niuscles holding the valves
together were then cut and one valve turnod baclk, the exposed giil and pintio on that
side being cut away. This procedure left the pericardial cavity intact but easily
acccssible. The animel was ngain dvained free of any water or blood which might
have accumulated in the mantie cavity during the operation.  The perieardisl cavity
was then opened with a pair of smatl ividectomy seissors snd the blood talien directly
from the pulsating heart. 1t was found in actunl practice that in an apimal opened
in this manner blood rapidly secumulated between the uninjured mantle and the
shell, and several cubie centimeters of blood could be extracted by making a small
opening near the center of the manfle on the unifjured side. Tosts of the blood
scournulating in this mantle pocket showed that, if taken immediately, this blood
did not differ in composition from Blood drswn directly from the heart, and con-
sequently this bleod could be used when large samples wore desired.,  However, as
most of the determinations required only amall snmples of blood, the blood was usually
taken directly from the heart as described above.

.
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if blood samples were to be taken {rom a single mussel over a period of days
the procedure was modified. The outside of the shell was ground away on an emery
wheel until the portion directly over the pericardial cavity was guite thin, This
grinding was done little at o time, the mussel being immersed frequently in water to
prevent heating of the shell,  When the shell had been ground to o suitable thinness
in the region desired o “window” wus opened in the shell by means of small bone
forceps and the pericardium exposed.  The mussel did not scem to be greatly dis-
turbed by this operation, and the heartbeats conld be counted readily through the
pericardium.  Using a fine dental needle on g Leur syringe the pericardium was
punctured and blood drawn dircetly from the heart. After removing the needle
the heart continued to beat regularly and animals so prepared were kept alive for o
period of days, although samples of hlood were drawn d aily or at even shorter intervals,

GENERAL PHYSICAL PROPERTIES

The blood of the species of North American fresh-water mussels siudied is o
mobile, limpid, lusterless fluid, clear and colorless when fivst drawn from the heart or
sinuses, but soon hecoming slightly turbid. Drawn Llood does not clot into & solid
mass, but in from one to five minutes after the blood is removed from the bady of the
mussel, particles of & whitish, opaque congulum appesr, suspended like bits of curd
n the more watery, uncoagulated fluid.  These pieces of congulum which agelutinate
to some extent form only a small portion of the total volume. On heating to 50° C.
or above, the separation of the coagulum proceeds more rapidly and as this albuminous
precipitate settles to the bottom of the eontainer the supernatant fluld becomes
clear and sparkling, Dried mussel blood has » very [nint, yellowish-brown color,
which deepens on heating or on prolonged exposure to the air.

SPECIFIC GRAVITY

Fhe specific gravity of the blood was determined by the Barbour and Hnmiiton
(1926) falling-drop method.  As this procedure requires only 0.01 cubie contimetor of
blood, usuaily three or more determinations were made oach timo a sanple was taken,
and the values avernzed.

In Table 1 the summarized data on specific gravity of the blood from 145 indi-
viduel mussels, representing 19 species, are given.  Only animals which appearcd to be
in good condition and which had not been subjected to experimentation wers incors
porated in this serics. The determinations grouped in Table 1 include resdings
mude in every month of the year and from both male and female mussels (soe Tablo
2 for individual data) in order to obtain the average nornal limits of variation in
blood values.

The average specific gravity was 1.0026—a very low value for blood when
compared with the specific gravity of the blood of man, the pizeon, and common
freshowater animsls (sce Table 3). Bven tho maximum specific gravity given in
‘Table 1, 1.0078, and the maximum specific graviby of the blood {rom any inussel
under experimental conditions in these studies, 1.0099 (from & moribund spoeimen
of Quadrule metanesra; see Table 17), are well below the values commonly recorded
for the blood specific gravity of animals other than fresh-water mussels,
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Tapre 1.—Specific gravily of blood of fresh-water mussels

Rlood—speclfle gravity

Belont!fie name Common name : -
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i P - J‘ pogs)
Bubam.ly Unionlnm:
Foseonals ebenna oo Nigeerbead. conovanas 1, 0043 | L 0MB | L0057
Fusennais undata, o Plgtoe. - 3OO0 | 50080 | 100053
Tritnronin verrucosa. o Buckhbern . L Ot | 50023 1 1008
Amblenng costatt, o] Uhree-vicdizae. - 10022 § 04 0 G0
Crisudruats pastadoss oot Trienple buck. . FRTIE R
Guadridy moianeven, wj Monkey faca. . [ T O VRO SRRy SRR JUsivue I N PRROSN FRPRR TR (R Lgag i
Uito poped o vesemcnceaad Pope's purplo. .o oo L0017
Bw.bfumily Anaduntine:
Anodantn nnemm. .. Southern Aoator . 10027 | 1, 0034
LR CONT eSS wwweo] Teel splitter. ool L0032 fawaees
Sub..!.mly favmnsilin:
Ot relesie couann .- 'l‘l;m}'hornud warty- 1.0027 ¢ 1.0043
ek,
Propters alata. ooaocoaaooo. Pink heel splitter. o | 12 |eeoas 1 10 ) O TS, TN SRR JR LO0LE | 10024 1 10001
I’m yern lnvissting Paper shell 1 Lo Lo
Pl mh hhenl L. Butterfly. ... 2 LR 1L 00u8
el sand-shell. LT S

Yeliow sund-shell. o,
Slough sniud-shell
Lake Pepin mucket.
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Tasry 2—Individual spectfic gravily and pll date
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Wiver, Nalinpt, lown: trum Rie Orande, Meretdos, Tax,:
JULY 19, 1020, e m e 10043 7.8 dar. 24, 300 L0018 7.8
o 10044 T "‘:1' Il’) W3, 3.0021 8.0
1. D048 7.5 iar. 27, 1040 1. 0034 8.0
................ LO05T fevvnn || Sguiw Inot (‘-mehitua rigosus), Mississippi
l{.hfl‘ Fairport, Iowa:
Juwe DY, 0 8.3
____________ 1, 0018 T8 [ Teel splitter (L nionn .m'p 2
1. 02 7.7 sinpl Hive F, Futrport, Inwa:
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Rive Jn.uwrt,lm-.'a Bo_. R I N 0 7.4
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1. 0020 7.8 River, Fuirport, Iown!
10020 8.1 Mar, 4 JHRH 1, 0011 /0
1.0020 7.0 LO 7.9
3,008 [--a..- 1. T
1.0 8.0
voopz| T 3 74
1.0027 7.7 1 20
1.40035 7.6 1,0 e
Lonss 79l 1. M
10042 7.8 .4 T8
By . nem2 o T4 1.0 B0
P'mﬂ otk (H truln prsinlose), Mississippl \ - 1 8.0
it Towns Nl pe e :
Niilwert, Lowns 16053 78 ERe rm}«lﬁ;i}liu}m Isslmnd, Misslasinpt
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1. 0013 .9
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TapLe 2.—Individual ﬂpemfa gravity and g)H data—Continued

Date, species, and location ‘2}_’:;:(’; i pll Irate, species, and locatlon ;}ﬁff; pIl
Yellow ssndshell (Lampsilis o mdomoh.m), . Loke Pebin muecket (Lempsilis siliguoldes
cannls from o Grande, Moereedes, Tex.: 41, Lake Poepin, Minn i
A 4, WEE B0 D 1 VR TS O N
Apr. it .4 By i R
Apr. i, 1 K3 Jarn, i b At
star, L, [t 4.4 Jan, fy B, 1. Ly
Aae, 80, T L e e ] LD L Ay, 1 L T
Moe, 27, 10, 0 Trec. 17, 1 1. W6
Muay 6, 19 7Y Nav, K, 1o 1. T
NAT, 25, T L o mnean e cmamaimnnaa ] R HEIE Juane 4, 1929 . 1. A5t
Mur. 06, 1940, 80 \'mf ‘»u I 1. .
Fob., &, 1R - 1.6 1
el 24, 1610 7.7 .\;.: 1‘1 51‘" 1,
BMouy ¥, 1420, &6 Jan, 6, 1%, i, 7.
Apr, 30,1 T4 Nov. 20, B LU0 g .
Muar, I7, 1030, T8 Dec. 14, 0. I, &0
3 7.8 Do._ 1. 17
1.7 Gt 4, (TR 3.4
81 Oob 4, DL 3t TR
,,,,,,,,, 7.0 Jos g, o L toes b
R A Moy w, 1. 1.0 K5
T T 8,2 Got, o, i . 1. 8
Blauih sond- uml! tiampsiis foiaciosa), Mis Jm! 5 i, 1, & 74
alusippi 1ver, Fairport, lowa: Ay ’ti 5.0 52
FURY 2, TUZ0 e e e e mmmm e 1. 0007 7.8 June 7, 1 Ty
July 21,1 100G 7.9 Gl d, Lo 7.4
Az, M) 34 10015 8.1 et t 1. T
Atk 19, T4 1. 05 L) Ot 0 w ) i T4
Awy, 12, 10 10017 s1 1.4 T8
A 19, i*m} LAy .7 1, 5.0
Auk. 5, 0 L U LS | Bl
A 7o, L. [
A My, 0845 LK 8.0
Aug Bl 1 LB duly O M e 1. 4020 ]
Aug. 4, 1020 1. 5.1 River s {Actinonains earinatn), XYox
A, 13, 1629, 1. 5.1 iver, ton, 14
Aug. 5, 102 1 .7 e 1,600 51
Aupg 4 i i A Juan 10. 1§ 1L0ms 7.8
Ang. i . 1,4 7 INow, TN, il F Al 84
Aug. 15, a0, 1.0 R Aluy 3, Bl 1,4 8.0
Aug. 9, 8. 1. 5.0 Crep, 3, 1Y 1.t T
Aup. 20, 1.6 a A, i 1.6 55
Aup. Wy H N 8.1 Apr. 4, i.
Aug. 28, H 1. 81 Myl 1. w3
Aup. 22, 1025, 1, 21 (ST 1, ]
i Anp. 12, 1 1. (] I ot "!0 N 1.0 T4
B3 Aug. 1, 120 1.0¢ 8.0 Aprodl, i 1, N
i Aug. 14, 1920, 100 8.0 Mar, U8, 1620, (S 7.0
5 July 30, W, 1, 7.4 o INE Ao
i Aui. 16, 1929, 1. 8.2 Qe 2, 1920 Toww | 77
k © o Aug. b, m'm . 7.0 May, 28, 1 Lud a2
i Aug. 21, 1999 7.8 | Ayr, 2, 19, T g
3 FRRAR DRt ORE sz] Apr w102 H
i S !
; Tazun 3.~—{omparisen of specific gravity of the bloed af fresh-waler musscls with that of ather blovds
i [ATl doterminations made by the falling drop metbod)
[ o . _—
i -
i Species Common namo ber of Lacaiity
i Canes
: -
........ Cohonbia, Mo,
Street pifeon. ... 12 Do,
Bell's Il.m\fm turtls 7| North Judson, Ind,
......... 3 Tre
1] Fairport, lows.
[ Ira,
. f
: Crubnrus variils...oo - 1% in, Mo,
Unicenlde, 319 spacies 45 ippl and Rio Grande dralnagss,

The corpuscles of the blood are of course an important factor in these comparisons
of blood specific gravity The blood of the fresh-water mussel does not centain
p;rrmontod oxygen-carrying corpuscles of the red blood ¢orpuscle type found in large
numbers in the blood of vertebrates, although there are small numbers of amabocytes
or white blood corpuscles in the blood of fresh-water mussels. As the red blood
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corpuscles have an average specific gravity of 1.0880 (Kriger, 1925), it would seem
that e fairer comparisen for mussel blood would be one with the plasma or serum
of vertobrates. The average specific gravity values for the serum or plasma of
various vertebrates lie between 1.0170 and 1.0309 (Kriiger, 1925), nnd the specific
gravity of the whole blood of the Japanese ovster, Qutrea circumpicte Pillshury, which
fike the blood of the fresh-water mussels contains no red bleod corpuscles, Is between
1.0230 and 1.0280 according to Yazaki (19203, Itis evident, therefore, that the low
speetfic gravity of the blood of the fresh-water mussels ¢ not due entirely to the
nbsence of red blood corpuscles, sinee the specific gravity of the blood of the oyster
is essentinlly the same as that of the serum or plasma of vertebrate blood.

From the distribution of the individual species in Table 1, and from the experi-
mental tests (v. i) the average range or normal variation in the speetfic pravity of
the blood of the fresh-water mussels studied soems to lie belween 1.0010 and 1.G050,
a variation of 0.0040 and a deviation of —0.0016 to +0.0024 from the averago of
1.0026.  Stebbins and Leake (1927), using the Barbour mithod, report the diurnal
varistion in the specific gravity of the blood of dogs as 0.0044, of men as 0.0033, and
of women as 0.0027. The actual variation in the specifie gravity of the blood of
fresh-water mussels is therefore of much the same magnitudé s that of dogs and man,
but the proportional chunge resulting from this variation is very much greater in the
case of the mussel blood with un average specific gravity of 1.0026 than in human
blood with an average specific gravity near 1.0654.

Although fewer specimens of Unioninz than of Lampsiling, sre included in
Table 1, the grouping of the individual cases suguest that the Unionine have blood of
n slightly higher spedific gravity than the Lampsiline, Avernging the specific
gravities from these two groups in Table 1 separately, the average specifie gravity of
the blood for all species of Unioninz studied Talls between 1.0030 and 1.0040 and
that for all Lempsiline between 1.0020 and 1.0030, Dilferences found in experi-
mentel tests also show this same division of species on the basis of the specific
gravity of the blood,

TOTAL SOLIDS AND ASH

The per cents of total solids and of ash contained in the blood were determined
for four species of North American fresh-water m ussels, the pink heelsplitter, Proptera
alata (Suy); the slop bucket, Anodonta corpulent Cooper; the Leke Pepin mucket,
Lampsilis siliguoidea pepinensis Baker; and the heelsplitter, Lasmigona compressa
{(Lea). Tor each species, the blood from several individuals was collected into a
weighed pyrex beaker until a sample of 100 cubie contimeters or more was obtained,
The beakers were then reweighed, and the blond slowly evaporated Lo deyness st Lom-
peratures below 60° C. The solid residues in the beakers were desicented at 00°-1059
C.In an eleetrie drying oven, cooled over sulphuric neid, and weighed,  Buely residue
wes divided into convenient samples (0.3 to 0.5 gram), which were ignited in a plati-
num dish at a dull red heat and the ash brought to a cobstant weight., The per
cent of totel solids and of ash in the blood are given in Table 4,

i
Iy
1
!
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TasLe 4.—Per cent of total solids and ash in the blood of four specics of North American Sresh-water

mussels, together with iotal solids and ash in the blood of other animals appcmhdfcxr COMPUrizony

i Ratlo

O inpe 4 *
Per cont Purcentl of tolal

Loeality or

Belentifie name Comnott name Fluid used Os‘fnll(i’-tﬁ:} of sy | salinls wuthorlty
S | to ash
Anodontn corpulenta, ..o Blopbueket ... W hnh Blood | Fairvort, Iowa
Lanmigon com pressi. Heelsphitter .oooooao oL Pro.
Propters slntn. Lo Pink heelsplifter. oo oL L dn i Do,
Lansilis mu;uuuim m;:lmmis. oo Lk Bophy mucket. .o Lo oo P4 ] Lynchville, Wisg
AVOEAS e aa e annas e e e e ————

Apodontn eYERes. ... oooeeaea .. ] Buroepean freshewaler .. doo. L L2600 11t 30 1 Relunddd, 1845,

Anodanta and Unio
Cretopus mnerops, .o

mussel,

lh‘}()

Volt, 1560,
ottuzed, 1911,

Sweddonis nuttati. . ik T0 0 Myers, 1020,
Selnzothoawrns nuttali 1. i A an Fro.
Teeten sp . 1 Gl 3 10 08 | Greiltiths, T892
Saben sp , e fa K Fha,
‘i iy S | oo G D,
RARYENN ERITE TR T Catrvrenr, VHHD,

L
Burapean crayhsh

Ry Loy | oo 23 L Mathborion, 1885,
Lhernbict earjy

AL ) K, 10

3 JRCT LS S D FTEN
Wiota Wood .1 28 tickg LOISG | MO0 h 0 Abderhabdon, 50,
Boraiil. ..., V3w (ORI T PR T ider,

4
4

Hialy 6, IU'.!‘H. ' '“.0:(,-."1.[), “I.\VI‘.EU.V V

The total solids found in these samples of fresh~water mussel blood varied from
0.344 to 0.497 per cent, around an average of 0.426 per cent of the weight of the
blood. These values lie between the two determinations given for Buropean frosh-
water mussels—that of Schmidt (1845) heing 0.845 per cent for Anodonta cygnea and
that of Voit (1860} 0.311 per cent for both Anodonta sp. and Unio sp.—and if com-
pared with the total solids found in the blood of various other animals, hotlh verte-
brate and invertehrate (seo Table 4), show the fresh-water mussels to have o very
dilute blood.  In addition to the animals listed int Table 4, the writers in reviewing the
existing literature on blood solids have cheeked some 60 speeies of animals in all
without linding any one having as low total blood solids ns tho fresh-water mussels
(for gencral lists see Winterstein, 1925; and Firth, 1003). Rolatively hich total
solids are the rule in vertebrate blood becausoe of the large numbers of red blood
corpuscles, not found in fresh-water mussel blood; but even the sera of vertebrate
blood and the whole blood of invertebrates contain much larger amounts of solids
than fresh-water mussel blood.

As the total solids eontained in any blood determine the osmotic pressure of
the fluid of the blood, and nre of large importance therefore in regulating the water
and salt balance in Lho living tissues of the animal, the very low total solids of fresh-
water mussel blood suggest a rather close adjustment between the living tissue of
the fresh-water mussel and the {luid environment in which these animals live,  Such
an adjustment, accomplished through the blood, was established (v. 1.) in the experi-
mental tests in freshewater mussels. )

Considering the low total solids of the fresh-water mussel blood in eonncetion
with their habitat of fresh-water—that is, & méedium with o relatively low osmotic
pr(\wu;vm-t 10 low total solids of the soft-shell elam, Afye 8P, Bre 01‘ mtme«t both
beocause t 2o :Im.--\\ ater muss 1018 are rega rded .

s Lf.\ ng evelve

of rivoers \Eio:,;m*s. a9m). whare the sallaity of the water would be subjac
modification by the cuthound fresh-water.
15302 —3 -2
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Tho aversge values for the ash of the blood—that is, the inorganic constituents—
of tho four species of fresh-water mussels examined, were 0.1539 per cent of the weight
of the blood, or & little more than one-third of the weight of the total solids, Because
of tho low values of the total solids the average per cent of ash in the blood of fresh~
water mussels is of course much below the ash content of the blood of the vertebrates
or of most Invertebrates,

The ratio of ash to totnl solids in the blood, which is an expression of the relative
amount of organie substances in the blood, varies widely in the several groups of
animuls.  (See Table 4.)  As the total solids of the fresh-water mussel bicod are
much lower than those of other bloods, the nctual per cent ¢f organic solids in the
blood of the fresh-water mussels is of necessity slso much lower than that of other
bloods.  Considering the relative amount of organic constituents, however, the
fresh-water mussel blood falls about midway between vertebrate serum or plasma
on tho one hand and vertebrate whole bleod on the other; that is, the fresh-water
mussels are near the middle of the invertebrate group when this organic-inorganic
sohids ratlo 1s considered,

The low total solids and the moderately high ratio of ash to total solids in the
blood of the fresh-water mussels show this blood to be o very watery fluid, in which
the low specifie gravity indicates o small quantity of solids in solution or suspension
rather than e mixture containing salts, in amounts comparable to those found in the
blood of other animals, together with suflicient other substances lighter than water
to produce the low specific gravity es found.

BLCOOD SUGAR

Blood sugar, the only organic constituent of the blood considered separately,
was determined by the Hagedorn-Jensen (1923) lodine titration method for 10 species
of fresh-water mussels. (See Table 5.) The blood sugar averaged 31 milligrams per
100 cubic centimeters of blood, in these species, ranging from 7 to 93 milligrams per
100 cubic centimeters of blood. The average value and the range of variation are
much the same as those for many other invertebrates, both marine and fresh water,
i spite of the fnet that the totel solids and the inorganic salts nre mueh lower in
fresh-water mussel blood than in other invertebrates.  Considering thess 10 species
of fresh-water mussels separately the varintion betwoeen species was not considered
sinificant as it was no greater than that between individuals of the ssme species in
severa] enses, This wide varietion in blood-sugar lovels between individuals of the
sure spocies 18 perhaps the most striking feature tn Tuble 5, but it is not without its
parallel in other species of mollusks. Lang and Macleod (1920) report the blosd
sugar of the marine elam Sefvizothaerus nutielt s from 1.5 to 1.8 milligrmms per 100
cubic centimeters, and Myers (1920) found 74 milligrams of blood sugar per 100
cubic centimeters in the same speeies; and according Lo the observations of Couvreur
and Bellion (1607, 1008) and Scllier (1907, 1008}, the amount and the type of sugar
in the blood of the snail Flelix pomatia, varies with the state of activity of the animal.
14 seems, therefore, that the Dood suger values of the fresh-water mussels do noet
differ materially cithor in average or in ranve from those of other maollasen, oven
though the blood of the fresh-water mssels Is very dilute.
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TasLe 5.—dAverage bload sugor values for 10 specics of fresh-waler mussels
N Rlood sugar in williprams per 1006
1 i
Nuimber | Number cubic contimeters of blood
Scientiflo name £0mmon pame of of

' g specl- | determl- | |
mens | nabions §oagenum | Aversgo | Maximum

i
e J— i _é.____ .

Trtogonla VOrTueosi . e o ccun e vwamu s Buekborn ... 2 [ 4 | [F 4
Queadraln pustulosu. JF Piruple baek 1 k3 e} E WE G4
Quudrula guadrula Mauplo teaf, 1 3 &y i mi ! uh
Filiptio dilatntus Lady finper 1 3 a4 3T LS
A ppdunta din Southers ) 14 7 ’ 1 fil
steaphifas Syuinw foot, I 3 L il o0
hilguarin refles L Thresshorned warty-hack. = I 3 20 J 25 | 4%
Proptern alata. ... A Plok heed splitter.. .. - 2 ) 4 17 | [51
Larpzilis noodontoides oo .. ool Yelow sandeshell . [ i3 4 48 l 1+
Latnpsitis siliquoldea poploensis. ... Lako Popin mucket. . ..o .. H 3 10 iT 23
T N RO z 6 !' 32 -

§

R - SN AU

INORGANIC SALTS

Since the pioneer work of Ringer (1882} on the inorganie salts of the blood, it
has become well established that the chief inorganic salt of the blood of all unmmis 15
sodiuin chloride, and that in physiclogical balance with this salt are much smalier
quantities of potassium and calehwn salls, usendly the chlorides.  As quulitative
tests on the blood of tho species of North American mussels under consideration
showed the presenee of sodium, potassium, calelum, and magnestum, deterninations
of blood sodium by the pyrosntimoniate method of Kramer and Tisdule (1921) and
of the blood ealcium by the oxalate method of Clark (] 921) were made, the potassium-
magnesium {rection being computed by difference.  The data from thcsc determina-
tions are listed in Table 6.

The range between the maximum snd minimum for both the sodium chioride
and ealeium chloride in the mussel blood was large when compared with the variation
in these salts tolerated in dog blood or humaen blood, and it was only through the
experimental tests {v. L.) that a satisfactory explanation of this veriation in mussel
blood wns obtained. Without going into the cxperimental data here, it may be
stated that it was found that the salt content of the blood of [resh-water mussels
could be modified by the activity of the animal and by the environnient in which the
animal was held. The values in Table 6 represent, for the most part, bMlood from
mussels just removed from the water; and as it was noted that a considerabie coneen-
tration of the blood could be eflected by the animsal whoen the mussel was merely
kept in the air for & time, the average velues in Table 6 are lower than might be
expected from the maximum values given there.

TasLe 6.—Fer cent of sodium, calcium, and other salls in the blood of fresh-water mussels

Bodium  as godivm | Culcium  ps  ealefuin ‘ .
chloride, per tent of | chioride, per cent of | Potasslum,
whole bivod whoie hlood ““15:1“‘?’1“”“ “Total
0 Gt b E
Sclentific name Comunion npme ";i:?l;j‘is';r ash,
H H d‘“'{‘-l“(\ll e, |WYOTRE
Mint- | Avore | Muxi- | Mink- | Aver- | Maal- AL
wun | age | oy | mum §osge | omum | BYOSURS
Ancdonta corpulents, ......._....] Blop bucket. . w.neoon 0.03140 § 01013 80087 | O (Jlt‘\‘;" 0, fsuy [N U N | W T
Loasmigona conprossa. .1 Tieel splitter__. LOS0G 1L 1002 AT SR 1310 T S VL L Ui . iab
Proptern adatn. .. ooooeamoaas .| Plak heel splitte LOR09 1 L1144 LGL30 [ Loues ) L Lo O L LAY
Lomupallis siliguoidea pepinamls__. Lake Pepin mueket | _Gutd T L1525 1 L2000 (oo e e THE
PR X SRS PSR PU UGPSR PP PO 11:2:¢ 3 PR I 220 B R, L G0sl 1]

NoTE.—Figures in this table sre from 60 determinations,
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The actual values of sodium ehloride in the mussel blood are very low in com-
prrison with the sodium chloride content of the blood of most animals, averaging
botween 0.1 and 0.2 per cent in the fresh-water mussels as against nearly 0.9 per cent
in the blood of man and the mammals, The sodium chloride values for the blood
of these North American species of mussels are comparable, however, with the salt

values computed for the blood of European mussels.  Philippson, Hannevart, and
Thicren {1910) computed the sodium chioride content of the bloed of Anodonte
eygies on the basis of the electroconductivity, and found i Lo represent about 0.2
per cent sodium chloride; and Frederieq (1899) and Monti (1914) give values for the
depression of the freezing point of the blood of both Unio and Anodonte which would
approximate 0.2 to 0.3 per cent sodium chloride,

The aversge caleium values in the [resh-water mussel blood are ebout the same
as those for mammalizn blood, in %pitc of the low salt content of the mussel blood,;
thiet is, tho ratio of ealcium to sodinm is much higherin mussel blood than in mam-
malian blood,  The maximum caleium per cent iy mussel blood greatly exceed the
enleinm content of munmalian blood.  This is not surprising, however, when it 1s
considered that the enleium needs of the mussel are Inrge W connection with the
Building and maintenanee of a celearcous shell; and Collip {1920} has pointed out
that, in the esse of the marine clam Mya arenaria, the caletum of the shell can be
used ns o bufler to maintain the proper level of the alkalinity in the blood and body
tissues in the {ace of various metabolie disturbances.

By difference the pntu«ﬁmm -magnesium fraction was low. This has been con-
firmed by experimental studies in which 1t wes found thal the tissues of the fresh-
water mussel are quite sensitive to slight changes in the potassium content of the
medinm surrounding them. .

HYDROGEN-ION CONCENTRATION AND BUFFER VALUES

The pii of the blood of 20 species of fresh-water mussels was determined eolori-
metrically by the Gillasple (1926) method, brom-thymol blise and cresol red being the
dyes most {requently empiovod Bilood for this purpose was taken immnediately
after opening the animal to avoid changes due to loss of earbon dioxide on exposure
to air.  No determinations were made on less than 1 eubic eentimeter of blood, and
the turbidity fuetor was checked by earrying a control tuhe of blood bel hind the stand-
ard dve tubes in the comparometer block.

Rendings, taken in all months of the year and from both sexes of the various
species studied (see Tuble 7}, show the blood of the fresh-water mussels to be dell-
nitely alkaline inrenction and with a more aikaline pit vuim* than thut of the blood
of the higher anjmnls, The average of 142 speeimens of fresh-water mussels was
pH 7.9, the individual readings ranging from pll 7.4 to pIl 8.5, with the range pll
7.0 to pll 8.3 including 94 per cent of the cases. Tt s diflicalt to compare the pll
of the mussal hlood with that of man beeause of several factors, hut VanSlvice (1821)
Hata the averaze pbl value for man es 7.4, with o range of pil 7 to pll 7.8 as the Hmits
compatible with life.  The figures are Hllhj(‘(‘b to ecortnin Hmilalions, but gresater
alkalinity of the mussel blood is evident.  (See Fable 7 and fig. 4)
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BLOOD OF

FRESH-~-WATER MUSSELS

Sclentifie name

Clommon nrine

\'um

per of

it
viduals,

Suhfmmly Lnioninze:
I' useonant chena. .
Fasconnin unelnta, L L
Pritononin virrueos. .
Arblemnn econfutn. L
Qe paesdatosn
Ciedrulds netnsevra
Laio poped,

Bubfimily Anodentis
Ansdonta limpeang
Steaphitns fugosad. oL
Faaiipnna sonipressa

Bubfumty Lampeilina:
Obhllganrin roflexn

Troplera nbabn, oo oL
Projtars Ly ik .
Phigziota Hoeolata,

Tsttinia rects huissins
Farnmisitis wnodontoides .
Toritpsitis mllaciosg
Fanipsi ifugunidon pephmns
Latapsilis venlrivoss
Actinonniss earinata

Tatal,

Niggerhond . |
T toe,
Huekhorn
Phrearid;
THnste bmek
Monkey Lu‘c
Popa's purpin_ .

Southern floater.
Bguaw ot
Hout splitter,

Threo-hornod  wartys L3 PO z 4 [0 R B !
el :

Pink heol splitler ., i0 .
Paguer shadl, . e
}th!,m'Ily . N .
Tk sand o R SOt S g
Yultow siendey # ] | 1 _
Hlowgh saud: shall Ty
Lake Popin mucke LN 1]
Packethook .. ... P N PO
River mucket. .. ... i ; o l 3 i
_________________________ sl moTio2
| | | |

N
. §7.5—
T4 i

031 values

sy

SR
2

¥ Average of all individusls,

The water from which the animals used in making
Table 7 were taken varied in pH value from 7.4 to 7.9,

T :

b
1
1

g

¥

T

o

@iy &

EJ

|
i
4
i
e
-
{
1

e
1

T
]

e 10610

i
19028

19030 10050
SPECIAIC GRAITY

Pisung 4—-8peclfic gravity plotted npainss pTi,
mussels, showing trend away from alknlinity townard noitrality with an inereuse in

specifie gravily.
oxposed tear (v, L),

indiented by heavy lines

1]

L
L£560

for normal blood of frosh-water

This trend was sise evident in blood of the rnussels In the series
Averngospocifte gravity (1.0020) and aversge pll {(pil 7.0) are

Lo
Minl-Aver-
& mum| apes

I

i
!

P S P SRR

mEn

Fomumosiipizis

the determinsations listed in
with an occasional value of

pH 8. - The average pH value of the water in the Mississippi River at Fairport,
Towa, just above an apperently healthy bed of mussels was pIT 7.65, while that
of the tank water in which mussels at Columbin, Mo., were kept varied through-

oud the year from pH 7.5

to pli 7.8,

When compared with the environment the

pH of the mussel blood was consistently a little more alkaline than the surround-
ing water, if the animals were kept well aerated nad in average normal condition,
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This observation is of interest in connection with the fact that the calcium content of
the mussel blood is high and that the mussel blood is s medium which must transport
relatively large quantities of calclum in connection with the production of the shell.

Collip (1920) has stated that in the marine clam, Afje arenerin, the calcium
earhbonate of the shell is available for the animel as an ahinost unlimited source of
bulfer material, so that the carbon dioxide produced during the activity of the animal
could unite with the calelum earbonate of the shell, forming a biearbonate which is
freely soluble and alkeline in resction. In the event that the carbon diextde could
not be removed promptly from the body of the animal, as during periods when the
animal i removed from the water or while it has its shell closed tightly even though
still in the water, the carbon dioxide produced could be buffered down and the alka-
line value of the blood maintained. This explains the absence of neid values for the
pil of the bleod of fresh-water mussels which were held i nir in o closed condition
for several hours (v. 1.).  There is evidence (v. 1.) that the closed mussels continue
to use the oxygen in the water contained in the shell when tightly closed, and that
this hulfering out of the carbon dioxide formed during the absence of fresh cireuluting
waber from the outside by the caleium enrbonate of the shell, makes possible the utili-
zation of the oxveen contained,  (See salt experiments)

“Another cheek on this point of the buifering value of the shell in the closed
animals was made by titration of the buffer value of the blood, in terms of N/44
hydrochlorie acid, for mussels just removed from tho water und in which the blood
was presumably well acrated.  These values given in Table 8 show that the bufler
valuo of the blood is quite low, and as there are only small amounts of proteins nnd
other organic buflers in the blood of the fresh-water mussels this bufler value must be
due very largely to the inorganic carbonates present. It has been noted provieusly
in this discussion that the salt-nsh content of the blood of the fresi-water mussels
just removed from the water was lower than that of those animals which had been
held out of water for some time.  Part of this rise in salt content is due to s concen-
tration of the blood—that is, & water loss: but part of it may also be due to the addi-
tion of caleinm carbonste o the blood, withdrawn from the shell to bufler down the
carbon dioxide formed.  Collip (loc. eit.) found an increase in the ealeivm content of
his marino elams under such conditions.

Tanen B-—Buffer velues of the blbod of fresh-water mussels

[Cuble centimetars of N/44 hydrochiorie actd required to titrate § cuble céntlmueters of hlood)

l N a4 hwdro- |- 1!\7]44 hydra.
FP T v v N N
Scientifie name Common hatne % ‘é;;(}’fi:“tﬂﬁl Belontifle name Commen neme icclzllggcﬁc;:d

timetery i ] timeters

i River muekot 115

i do 120

! J do. 1.3

ANOTDEO. oo n e s i dn 1.35

Actinonals eavinnta (oL L 1.03 ‘} 118
o N 1,68

As the carbon dioxide of the blood scems so definttely tied up with the salt con-
tont of the bloed, particularly the ealeium content, analyses for blood gases were
made with the Van Slyke apparatus (1917) immediately after the mussels were taken
from the water.  Determinations for oxvgen, carbon dioxide, and nitrogen were made,
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and the results sre tabulnted in Table 8. As might be expeeted of a blood without
pigmented, oxygen-earrying corpuseles, and with o very low total solids content, the
volumo of blood gas was small. When vompared with the blood of marine bivalves
(Cuenot, 1901; Winterstein, 1909}, the oxygen and nitrogen values of the blood of
tho fresh-waber mussels and some of the marine clams are found to be much the suine,
but tho carbon dioxide contont of the blood of the fresh-water mussel is much lower
than that of the marine clums cited above or of the Japunese oystor, as delermined
by Kokubo (1929).  This fact again points to the wdjustiment of the buller value and
the carbon dioxide tension in the blood of the fresh-water mussels, for the blood gas
determinations listed here for fresh-water mussels were made as scon as possible after
the animals were removed from the water.

Tanpe $.-—Gas content of fresh-waler mussel blood
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VERIFICATION OF BLOOD-SALT VALUES BY THE FCOT-STRIPMETHOD

It was observed carly in the work that the fresh-water mussel malntalos & rather
constant and rhythmical motion of the [ree margin of the muscular foot.  When the
foob of the mussel is well filled with blood and extruded hetween tho valves of the
shell, these movements of the foot ate of such magnitude that they are easily visible
to the naked eye ns undulating waves of contrae tion pass up and down the foot margin.
By attaching a tiny steel hook to the margin of the foot and conneeting the foat to a
recording lever, by means of this honk and an attached tluead a graphic rocord of
these movements of the margin of the foot of the mussel wns eastly oblained.
Placing a small piece of cork between the valves of the mussel when open, and allow-
ing the animal to retract ite foot with the tiny hook atiached, the valves in closing
on tho bit of cork were held open far enough to perinit the sitk thread conneeting the
hool with the recording lever to move frecly and operate the lever. In this way it
was possible to study the movements of the foot margin when completely retracted
within the shell as well as when expanded. The hook used was so smafl and Hghs
in weight that the animal apparently suffered no inconvenience fron the presence
of tho hook, s mussels were kept under observation for days with the heoltin place.

To prevent the mussel from moving away from the connected apparatus, a block
of booswax was first attached to a glass rod and then to ene valve of the mussel by
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melting the surtace of the wax and pressing the shell, which had previously been
wiped dry with a cloth, into the beeswax just before it hardened. In this way it
was possible to suspend the mussel in the water at any desired depth or angle and
hold the animal stetionary; but at the same thme the movenents of the foot, gills,
and other soft parts were not interfered with in the least, as the mussel could open
and close its valves at willl (It may be noted here that this method has proved
very satisfactory for several types of experimerits and individual mussels have been
observed continuecusly for over three months while attached to beeswnx hblocks as
deseribed.)

From the experiments on the activity of the foot-margin (to be reported in
detnil elsowhere) it was found that the margin of the foot is kept in constant motion
regardless of the position of the foot and whether it be expanded or rotracted, and
that two rhythms are maintained--that is, there are large contraction waves on
which smaller or {aster contraction waves are superimposed. These movements of
the {oot serve not only as purt of the locomotion complex, but they produce currents
in the water in the vieinity of the foot and in that way aid both respirntion and the
taking of food,

As these movements continue so recularly and are associnted with vital activities
of the mussel, they were used to verily the salt concentrations of the blood as deter-
‘mined by the analyses.

It is well established that strips of muscular organs mayv be removed from the
bodies of various snimals, and, when mounted properly, these picees of organs will
continue to display normal activity for many hours. As the museular foot of the
fresh-water mussel forms the outer portion of the visceral mass of the animal (see
fig. 7) almost the entire foot may bo removed by cutting along the line of junction
of the foot and viscera. In this way a “foot sirip” could be prepared free from all
other organs and including almost all of the foot muscle.

Sueh strips of living tissue from other animals are customarily mounted in the
Mood serum of the animal from which they were taken or in some fJuid containing
the principal salis of the blood in the proper proportions, so that strips which have
been separated from their connections with the circulatory system may obtain from
the fluid in which they are immersed the essential salts or ather substances which
they wonld have received from the blood.

In order to test the velidity of the normal values which Were obtained from the
various analyses of mussel blood, such a fiuld was compounded containing the prin-
cipal salts found.in mussel blood in the proportions determined by these analyses,
and the whole adjusted to the average pIl value for mussel blood.,  This fuid beeause
of its similarity to the “Ringer's had™ commonly used for studies of vertebrate
tissues, was designated “unionid ringers,” and the formula is given in the following
table:

Taune 100 Composilion of uniontd ringers flutd in which wmussel ssiues mainfotn normal activity

rer eant

Nodium elorlde . L e e e 010
Ol el orie L e e e e L0112
Potaasium chloride oo i e e e L0156
Mugnestum ehloride . Lol e e m .10
Pisbnsie sodinm phospliate o e e 00

Hodinm bicarbenade, to adjust the pH value o pH 7.9,

. et —
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When foot strips were mounted in glass containers through which well aerated
unionid ringers flowed continuously, they msintained the typicel rhythmical con-
tractions characteristic of tho foot musele when in place in the body of the mussel.
These contractions continued for hours and gave numple opportunity to observe the
action of the various blood salts of the mussel blond.  (See {igs. 5, 6, 7, and 8.

A summary of these tests will suffice here.  The rhythmic activity of the foot
strip stopped very quickly when the strip was transferred to distilled water, to tap
water, or even river water; thab is, the small quantitics of salts present in the mussel
blood are essential to the activity of the foot Ussup.  Activity of the foof strips also
fatled rapidly and finally ceased i the strips were placed In & solution of sodium
chloride of the same strengih ws the sodium chloride in the blood or the unionid
ringers, but without the small quantities of potassinm, calelvm, and maynesivm salts
found in the mussel blood. It was evident that these other salts, even though present
in very small amounts, exercise a rogulatory action over the activities of the foot
meusele and that sodium ehloride alone will not malntein Hle activities In the mussel.
This i similar to the results obtained in experimental studies of other animals.
Potassium, calelum, and magnesium salts alone, and in concentrations found the
mussel blood, also failed to maintain foot-strip activity. Tf the belance hetweon
caleium and potassium were disturbed——that is, if more or less potassium or ealeium
were used in proportion to the opposing salt--the activity of the foot suwip was
quickly disturbed. Kxeess or unbalenced potassium caused cessation of wetivity,
the strip passing into a condition of rigor; and excess or unbalanced calcium ceusing
cessation of activity sccompanied by grest loss of tone and relaxation. Tha limits
between which the potassium content of the fluid could be varied were mueh nar-
rower than those through which ealeim varistion was tolernted.  This is in aceord
both with the analyses, and with the findings connected with the use of calehim as &
buffor by the musscl.

Taken collcctively, these tests with the foot strips show that the mussel is
dependent upon the salts in the blood for the same types of activity regulation as
those found in the higher animals and that although these salls are in very low con-
centrations in the mussel blood, these concontrations and the balances belween the
several salts can not be greatly changed without the —essation of activity and other
serious eonsaquences.  These aclivity experiments, therefore, volidaie the snal
of the blood by giving physiological proof that selis are required In the concenirnt
and proportions determined.  As a supplementary check to these tests,
heart of the raussel was cavefully romoved in several cases and mounted in unia:
ringers, in which Juid 1t continned to beat regularly for several hours.
and foot strips were very sensitive o oxygen want and activity coased almost innne-
diately, no matter what the eonceniration of the surrcunding fluid, if the oxygen
supply wero shut off.

CHANGES IN BLOOD OF LIVING MUSSELS INDUCED BY
ENVIRONMENTAL FACTCOR

It was noted repeatedly while eollecting the data for the normal values of the
mussel blood that the physical factors of the environment influenced to some extent
the volues obtained. It was necessary, therefore, to seleet as normals only those
animals which had just been removed {rom the woter and which secined to be in good
condition. Nevertheless, even with these precautions, the constituents and char-

15302--31—3
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neteristics of the mussel blood varied over wider ranges then those for dog or human
blood. The fresh-water mussel, however, in a physieal sense et least, is in more
intimate contact with its environment than many other animasls, and the oppor-
tunities for the modification of tho blood of the mussel are perhaps correspondingly
greater.

When tho shell of the mussel is open and the foot extruded, the water in which
tho animal is living has free access to & relatively large surface of sof$ tissue, and even
if the foot be retracted and the shell closed a considerabla volume of this same water
is retained between the valves within the shell, where this water still bathes the soft
parts of the animal. In addition, the mussel pumps througlt its gill system many
times its own volume of water in the course of an active day, and although there is
some opportunity to reject suspended objects of unsuitable size or quality at the
siphon, because of the innervations of the siphon margins, substances in solution
and fine material in suspension havo full contact with the lasge surface of the soft
parts and with the deliente structures of the gill system, as long as the animal pumps
the water required for respirstion and fmm which it takes is food. The mussel
may avold pollnted water temporarily by closing its shell, and preliminary experi-
ments completed by the writers show that these fresh-water mussels ean remain
closed, &t 25° C,, for 48 hours or more at & time, i the water included in tho shell at
the timo of closure were well serated. However, during the period that the mussel
is closed it con not move, and therefore it is not uble to leave the region of polluted
water.  Ioven if the polluted water can be tolerated for a time by the open musse,
the locomotion of the freshe-water mussel s so Inborious and slow that the mussel
has & much smeller chanee of cseapo than a fish which can swim rapidly to other

‘water.  The fresh-water mussel therefore both beenuse of the largs amount of soft
tissue in contoct with the water, and beeause of its limited Iocomotmu, 1s particularly
exposed to the sclion of substances in the watber.

From the normals obtained for the blood of the {resh-water mussel, the adapta-
tion of these animals to the low osmotic pressure of the fresh-water in whlch they live
is evident by comparison with the blood values of the marine elams—the nearest
related forms.  In the marine bivalves, the salt balanee and sdjustments of the blood
are in accord with the salt content nnd the osihotic pressure of the sea water, but
when these marine animals are placed in water ¢f higher or lower selt content than
that of the sea water in which they normally live (see Xokubo, 1620, on the Japanese
oyster), changes in the blood follow shortly, and these changes tend to move the pii,

specific gravity, and salt balence toward the Jevel of the new environment, thus
tcnci'ncr to equalize the osmotic balance betwean the animal and its environment,

In view of these observetions on merine fofms and the known activilics of the
fresh-water musscle, correlations have been made between the environment, hoth
natural and modified, and the condition of the blood of the frosh-water mussels,

EFFECTS OF CHANGES IN SALT CONTENT OF WATER

To test the effect of changes in the salt content of the water in which the fregh-
water mussels were living, both as regards the ¢hanges in osimotic pressure and the
specific action of the salts themselves, on the blood of the musscls, these animals were
plrced in gless jars of about 8 liters capaeity, containing solutions of various inorganic
salts. Fresh-water mussels ustally close for o cortsider ‘1;)1(3 time after being disturbed,
particulnly if transferred to o new enviremmens, and when they open again [:ho
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siphons are protruded cautiously so that little of the water in the new loention is
taken inside of the shell {or some time, In order, therelore, that the test solution
might have access to the soft parts of the animal at onee, the mussels were sllowed
to close on small bits of cork (as deseribed in the section on foot strips) before the
transfer to the test solution. Unless otherwise specified, the valves of all mussals
in the following series dealing with the eficcts of salts were propped open slivhtly
with smail pieces of cork.

The soluilons used were made up in water from the same source as that supplying
the water in which the animals were living, so that they would be subject to no change
in salt balance, excepting that change produced by the substance added. 'Tho
analysis of the water with which the solutions ware prepared iz given in Tablo 11,

TapLE 11— Analysin? of the water in which miwssels live at Columbia, Meo.

For cont
CRleiim OXIe . oo o e e e e e = 0. 00532
Magnesiom oxide . oo i ———— 00472
BT TOUS OXE L L i f L L e o e e e —————— L0022
AU I ORI o e m o L e e e ——————— . 00001
B e0m oIl L e e e LO0LT0
Sulphur (compubed 88 SO} o m o e e e e ————— e L 00052
COIOTEIIE 1  c o e o e e e e e e e L0104

Esach solution jar was constantly acrated by a stream of air bubbles from a com-
pressed-air line, the air passing through water before entering the test solution.
The mussels were changed to {resh solution every 24 hours, unless otherwise noted,
to avoid the complications resulting from the accumulation of waste products in
the solutions. Specifie gravity and pld determinations were made regularly on the
test solutions themselves as well as on the bleod of the mussels in the solutions, to
check against unexpected changes in the medinm.  As the test solutions, with tho
exception of the distilled-water series, did not show any siguificant chaneo in eithor
pll or specific gravity values, these detepvinations for the fest solutions have not
been ineluded in tho tables, Oxygen determinations by the standard Winlder method
wero also made on the various test solulions to ascortain if the aeration weroe ade-
quete, and as the oxygen values wore all satisfactory they have not been listed.

DISTILLED WATER

For comparison with the responses to the various solutions of salts, severa} series
of mussels were carried in distilled water, but otherwise under the same conditions
as the animals in the salt-solution series. The data for these distilled-water tests
are given in Table 12 and Figure 9.

Various species of mussels wors able to live in aerated distilled water for several
dnys, but all showed a decline in sensitivity, and moribund individuals sppeared
during the first 24 hours. (Throughout the discussion of these experimental resulis
“moribund” designates a mussel in which the heart had stopped beating when the
shicll was opened, but the animal was still resporisive to tactile stimulation of the
manile margin or the foot.)

It may readily be scen in Figure 9 that the gpecific gravity of thoe blood of all
mussels living in distilled water was low, a8 nearly two-thirds of the cases lie below
the line of average specific gravity (1.0026) for the blood of [resh-water mussels.
This change in specific gravity came quickly, for at the end of the first 48 hours all

* Figpures frem sontyses made by departimend of physical ehemistry, Unlvarsity of Missouri.
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values were below the average normal. After 96 hours, although still below the
nverago normal qpc(:ific gravity for mussel blond, the specifia gravity of the blood of

fr
theso individuals in distilled water tended to rise, judging from the fow observations o
beyond 96 hours. This rise in specific gravity Is suggestive in connection with the o
pll values of the blood. '}‘
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In Ifigure 4 n relation between the specifie gravity and the pH of the blood of
fresh-water mussels was pointed out; namely, that as the blood approached neutrality
the specific gravity rose—that is, the more alkaline bloods were usually those with
the lower specifie gravities.  Under both the discussion of bload salts and of blood
gnses 16 was also noted that durivg exposures to conditions causing retention of car-
bon dioxide in the body of the mussel, the animal made more or less compersati
by buffering down the curbon dioxide with ealeium carbonate withdrawn from Lhe
shell.  This addition of caleium salts to the blood, of course, aflocts the specific
gravity of that fluid, not only through the actual addition of caleium salts and the
retention of earbonates in the blood but also threugh the effects on various other
constituents of the blood,

Throughout the several series of experimental tests, both with salts and with
exposures to air, 1t was observed that as the mussel beenine moribund the speetfie
gravity of the blood usually rose, and with this rise in specific gravity the pH
value of the sane blood approached neutrality; that is, became less alkaline. In
animals which had been moribund or dead for severul hours (but before decomposi-
tion changes sot in) the blood frequently heeame quite slkaline aeain. This sequence
of specific gravity and pH changes in thie blood of living mussels and those which
had just died was interpretated as showing the builering nction of the ealeium cars
bonate of the shell on the acid products which are known to form in the tissues of
moribund animels. 1t is also possible that changes in permeability develop under
these conditions,

Applying these observations to the distilled water cases, the specifie gravity of the
blood of these mussels might be expected to rise slizhtly as the animal beeame mori-
bund from the offeets of the distilled water, but was still tending to bufier down the
accumuinting seid produets.

Three checks were made.  Mussels wero placed in distilled water pIl 5.3, and
they wexre found to die more rapidly than mussels in the same distilled water adjusted
to pll 6.8, particularty 1f the acid distilled water were ehanged frequently. If mussels
were placed i distilled water pl 8.3 tho pIH of the water rose to pil 6.8 in 24 hours
wheress control jars without mussels showed no change in p.  In order to evaluute
this change in pIl in the water around the mussels, fresh, empty mussel shells from
which the living animals had just been removed were wiped dry and the inner surfrees
completely coanted with parafling that is only those parts of the shell which wounld bo
i contnet with the water, were the shell occupied by the Hving mussel, were left
unconted with parafliin, The parafiined shells were then placed in acid distilied
water pHl 5.3 and freated as if the shells contained living mussels.  After about 20
hours the pIT of the water around these paraflined shells had risen to P 6.8, where
it remained.  In the third check, mussels were placed in distilled water pIl 5.3 and
no change of fluid nade, but the usual weration was inintained.  After 24 hours the
water around these mussels had a pI of 6.8 and 24 hours lator it had risen to pH 7.3,
The blood of these riussels was near but still below average normal at tho end of
144 hours.  The distilled water even under these conditions continuved to be toxic,
and the animals died after about 200 hours.

Constdering all of the distilled water data collectively the fresh-watar mussols
were found to be very sensitive to the hypotonie dnd unbullered conditions of the
enviconment offered by distilled water, in spite of the fues that the blood of the fresh-
water mussels is much more dilute than that of the higher animals, and tho correspond-
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ing difference in tonieity between the blood nnd the {luid surrounding the animal
much less.  The specific gravity of the blood was definitely reduced during tho first
24 hours of exposure to distilled water and remained low throughout the tests (nearly
200 hours in some eeses).  The rapidity of these changes in specifie gra=ity of the
blood suggests that the osmotic barrier between the blood of the fresh-water mussels
e the (loid of their environment is not great, the fuid of the body tending to come
to equilibrium with the environment rather promptly.  The pII value of the blood
was mainteined fairly well as long as the animal was reasonably active, but the
alkalinity of the blood fell as the mussel became movibund or s the oxposure to
distilled water lengthened.
SODIUM BALTS

As the fresh-water mussels are supposed to have evolved from marine clams and
ag sodium chioride is the major inorganic salt found in all living animals, sodium
chioride was chosen as the standard with which to compare the sction of the various
hyportonie solutions used.  Besides, as this selt passes throngh animal membrones
casily under most conditions, the toxic action of sodium chloride to living tissues, in
concentrations greater than the so-called physiological solutions, is well known.

Three solutions of sodium chloride were used in the tesls on fresh-water mussoels:
A 0.25 per cent solution, which is roughly isotonie with the blood of fresh-water
mussels; a 0.50 per cent solution, comparabla with the blood of most cold-blooded
vertebrates, and that of many invertebrates; and a 1.00 pir cent solution, which is
stightly more concentrated than mammalian or avian blood. The data from these
series of tests are presented in Table 13 and Ttigure 10.

TanLe 13.—Changes in spectfic gravily and pif oftlazi blood of fresh-water mussels in solutipns of sodium
848,
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Tho almost immedinte vise in specific gravity of the blood of frosh-water mussels
when placed in these solutions of sediwm chloride is in sharp contrass with the resulis
of the distilled water series, and confirms the statoment made in the diseussion of the
distilled water series that the restriction to osmbtic adjustment between She blood
of the fresh-water mussel and its fluid environment is slicht. Within four honrs
after placing the mussels in these salt solutions the specific gravity of the blood of
all individuals exceeded the average normal specific gr avity for the blood of fresh-
water mussels excepting one. This mussel (see fig. 10) wus placed in 0.50 per cent
socinime ehioride solution while closed, and without s cork between the valves, Tt is
probuble that very little of the sult solution T
penetrated to the soft parts of this animal el
as 1t was not observed to open its valves
during this 4-hour period. Seversl other
mussels were tested in the salt solntions in
this same way; that is, they were closed
in air and then placed in the sclution while
closed without cork between the valves.

10050 |

LO0B) |7

The dats from these animals have been E !
included in Figure 10 (not in Table 13) for & isow| |
comperison. For the most part these g !
closed animals remained closed in the salt ‘é

10030 {5t b ds .

solutions and took littie of the test solu-
tions insido their shells, ss the blood specifie
gravitios abtest.

By graded additions of salt to the
water in which Xuropean fresh-water mus-~ 2
sels (Ancedonta and Unio) were living, Beu- ool
dant (1816}, found that these animals could RENN
adapt themselves to olmost 2 per cont salt ST _
solutlon.  Similarly, Philippsen, IHanpe- 18000 l - p T s
vart, and Thieren (1910 were able to HOURS

. , . . Froung lo-—8pecific gravity of the blond of {rashewuter
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mussel, Awnoedonta cygnea, were living to strieted; eirels, 0.5 pier cont souium chilorhle, vulves prepped

. - o iy . 0.5 per n‘nL sodivin ehloride, anjmal
P per cent lf SO(hl]]ﬂ Ch}()lldl) were ]E&‘t-dﬁ unrestiictod; binek triangle, 0.25 per cent sodinm chloride,

or cven higher if ““sca salt” were added  valves propped open

gradueally.  In this work they found, using the cloctroconductivity method, thet the
salt content of the blood of these ?u' she-water mussels rose, but that the salt value
of tho blood never equaled the salt content of the suuoundnw medium, prosumably
because of the presence of some cotloidal material in the mussel blood.  The return
of salt-adapted mussels to fresh waler was also followed by & drop in the salt content
of the mussel blood as these animals readapted themselves to the fresh water. Theso
observations on the Iuropean fresli-water mussel parallel the findings in the present
series of North American fresh-watsr mussols,

The degree of adaptation which North American fresh-water mussels can make
to solutions of sodium chloride, following the gradual addition of this compound to
the water in which these mussels are found, is not to be discussed here; but the rapid
changes in specific gravity of the blood of these mussels follov.ing abrupt changes
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from fresh water to even dilute salt solutions show the potential dangers to the
freshwater mussels from the addition of snlt to the water in which they are livin
which may result from the introduction of certain types of industrin] wastes,

The pH values of the blood of mussels from the sodinm ehloride series seemed
to vary toward neutrality, the groater the concentration of the salt solution. This
finding, in view of observations made in cther series, sugeests that the stronger
solutions, as might be expected, were producing more extended disturbances of the
body functions than the weaker solutions.

[eg
t=d

POTASSIUM BALTS
Vurious species of mussels were tested in solutions of potassium chloride, potassium
10050 =y ;
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Frovne 1~8peckte gravity of tha Hlood of frosh-wutor mussnls

In tap water blus petassium salts. AN anlmals with vilvog

propped open, Beek elfrele, 1oner cent potasdin: chlorida;

elrele, (LOG per eont potassiom ehlotlde; black trinnele, 090 per

eent potaszinm ehloride; trinnple, 410 per cont notrssinm elie-

ride; squnre, 0.5 por cent carbonatys; black sauary §.05 pir cont

potasslum earbonate; and black triangle, 0.25 per cent potassinm

suipliate
carbonate, potassium sulphate, and in a mixture of potassinm chloride and caleinm
chloride. These series are summarized in Table 14 and Fgure 11,

The toxie aetion of the potassium salts on fresh-water minssels is ovident from these
tests, and 1s in accord with the known toxic action of potassitm compounds to other
types of animals. The mussels rapidly became moribund i solutions of potassium
sutts, and as a result the potassium series were not earried beyond 24 hours in most,
CUOR0R,

The general eflects of potassinm salts on the spectlic pravity of the blood were
the same ns those noted for the sodimm chloride sories. The aniinals made rapid
adjustinents in the specifie gravity of the blood, the actual vulues being well above
the aversge normal specific gravity of fresh-water mussel blood.

Owing to the high toxicity of the potassium salts, the body condition declined
rapidly and the alkalinity of the blood was lowered, s in other moribund mussels.
Ixtreme retraction of the foot was evident in mussels dying in solutions of potassium
unlts,
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TanLE 14.—Changes in specific gravity and pH of the blood of fresh-waler mussels in yolutions of

potassium selis
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1 Muandae up in distilled water.

NoTi,~* Mortbund,” under conditien of animal, designntes a mussel inwhich the heart was not beating when shell was opened

but an anfma} still respending to taetile

stimulation of the foot or mantia.
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MAGNEBIUM SALTS

The réle of magnesium salts in the blood of animals is not so well understood s
that of some of the other salts, but as magnesivm compounds occur in the blood of
fresh-water mussels and also in the water (often i relatively large amounts), in
which these animals live, a series of mussels wore tested in solutions of magnesium
salts.  The datn for these series are given in Table 15 and Figure 12.

As far as determined by these series, the adjustment to mognesium salts, if they
be present in amounts which can be tolersted, is made rather quickly. Mussels

10080 - r :

1
]

togse

10040

1RG30 -

10026

SPLICIFIC GRAYITY

Lo02e

108G

!JR’OOO : T Y

HOURS
Fiauak 12--Speclite gravity of the blood of fresh-waler mussels In tap
waier plus magnesfum salty, Al aninals with valves pronped open,
Blnck circle, 1 per cent magnesinm snlphate; eircle 0.5 per cont
magnestum sulphate; blaek trinngle, 0.93 per cout mugnosium sul-
phate; wod squars 0.8 per cent magnesinm chloride

transferred to 1.00 per cent solution of muegnesium suiphate showed the spme rather
abrupt rise in specific gravity of the blood during the first, 24 hours as that noted for
the salts of sodium and potassium, and 0.5¢ per cont solutions of magnesium sulphate
and magnesium chloride produced lesser elevations of the blood specific gravity.
Bevond the first 24 hours, the results suggest o return to normial blood spectfie gravity
or below, elthough the date are seant.  From the reactions of the mussels 4o the vari-
ous solutions of magnesium salts used, the toxietty of magnesium eompounds seems
anreh Jess than that of either potassium or sodinm salls, bhut it must be remembered
in this connection that the permeability of living cells to mingnesinm salts is quite
ditferent from that to either potassivm or sodinm sals.

-
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TasLy 15.~Changes in specific gravily and pll of the bood of fresh-waler mussels in solulions of
magnesium solie

MAGNESIUM BCLPHATE. .00 PER CENT
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Fuseonas updata. ... Piptos. .. .. b2 3 do .................... 8.0 LGS
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I 81 1Al
5.1¢ Lo
g1 Loy
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Nore.~*Moribund,” under condition of :mhmll dfsignates o missel Inowhich the heart was not beatlng when shell wos
epencd, but an aninal stifl rasponding to tactlie stirulation of the foot or mantla,

CALCIUM BALTS

As cgicium salts play such an important part in the life activities of the {resh-
water mussels, even to limiting the distribution of these animals very largely to regions
where calcium saits are readily availsble in the water, calcium salts have been made
the basis of a more detailed series of studies, which are only summarized in part here,
In Table 16 and Figure 13 individual duta for a series of calelum tests are presented.
These will suffice to show the main points in relation to the blood.

The responses of the mussels living in calciunt-salt solutions were very quickly
adjusted, so that if the solutions wete not too strong the mussels behaved much as
in ordinary fresh water. The speeific gravity of the blood of animels transferred to
the stronger solutions rose during the first 24 to 48 hours, after which the readings
range sbout the nermal blood speeific gravity. Four high cases (see fig. 13), one at
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192 hours, one at 168 hours, and two at 144 hours, seem to be excephions to this state-
ment in the series given. These animals present an interesting complieation as all
were moribund.  Moribund animals in caleium solutions displayed the same rise in
blood speeific gravity and loss of blood alkalinity as moribund individuals in any
other series.  This suggests that the bulfering of acid products in the body of the
mussel draws on caleium in ihe body rather than that in the enviromment.

TasLe 16.-—~Specific gravity and plf of the owd of fresh-water mussels in solitions of calcrum ealls

CALCIUM CHLORIDE, L) PER CENT

Selentific name Common name :‘f(?)éii:_g :;{ttl?;
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A doal L B 1 Lol
244 o do ... 431 I
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o Y ¢ 1 O - BOH L doL L KOt b
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The calcium salt solutions were conspicuously less toxie than any of the other
groups of salts studied, judging by the survivals and by the small number of moribu nd
individuals found. In connection with the toxic action of the caleium salts it must ba
stated, howaver, that these observations on adult mussels do not apply to the glochidia,
Adult females were found to tolerate solutions of calcium salts which greatly lonsth-
aned Heeloging reaction thma of the riochidin which these saine mosecls woye CHEEY gy
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in their marsupia. In some cases glochidia, from the marsupia of mussels which had
been earried successfully for several days in solutiohs of caleium salts, were so re-
duced in sensitivity that 10 per cent sédium cbloride solution was required to excite
theso plochidia to the closing response, although the glochidia appeared otherwise to
be in splendid condition.

Blood sugar and blood ash determinations were made on the blood of mussels from
both the calcium-salt serics and the sodium-selt series. In both groups the blood
sugar was found to very within the same linits as those defined for the normal anij-
mals, but the blood ash in both sodiunt and ecalcium sevies was higher than in normel
mussels.  The increase in blood ash shows that in the calcium and sodium serics the
mussels during the period of high-blood specific gravity, actually had more inorganic
solids in their blood.  Whether this rise in ash contant was due to the loss of waler
from the bloed, thereby producing a concentration of the salts already in the blood,
or whether this high ssh content represented o movement of sults into the blood, was

L9080 gy

. E T

10058

Lones

,.
T
2

=

0626

SPLCITIE LRAATY

10670 | 4-

18104 i

i H I H il hud ;l HIE B
n i 2140
HGLRS

imaeg
)

Frovre 13.~Bloed specille gravity of mussels living in coelutiony of enlelum salta,  THnek airele, 1 per cont cutelum chilovide;
elrels, 0.6 per cont ealelum ehioride; scored circle, 6,25 por eent ealeinm chlaride; scorod black circlo, 0.1 por cent calehun
chlerida

not determined. In either event, however, the tissues of the animal were subjected
to a blood of higher sali concentration.

EFFECTS OF EXPOSURES TO AIR
AT ORDINARY TEMPERATURES

Suddefi changes in stream level may leave fresh-water mussels stranded out of
water, but ordinarily the low-water stages come so slowly that littoral forms ke the
slough sand-shell, Lampsilis fellaciosa, and species which move in and out of shallow
water as the yellow sand-shell, Lampsilis anodonioides, muny casily keep ahead of the
receding water.  Ifor mussel species living on barg in deeper water, exposure to the
#ir Is & more or less remote possibiliey in their normal-life netivities,

The work attendant on propagation of mussels has mnde 1t necessary to expose
mussels to the air, and often these animals are shipped long distances without water.
To determine the effect of removal from water and exposure to air on the mussel,
using the blood as an index, a series of 50 mussels was taken directly from the river to
the laboratory, wiped dry and spread ot separately sb that there could be no aecumu-
lation of water below or around the mussels. Every opportunity was offered, there-
fore, for thegp mussels to “dry out” at roomn temperature,
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Blood samples were taken at intervals and only those musscls which wero closed
at the time the sample was to be taken were used. The determinations of gpecific
gravity for the blood fror the 28 individuals which survived this trostment are iven
in Table 17 and Figure 14.

During the first four hours of exposure to air the rise in blood specific gravity be-
came evident. This may have resulted from either the loss of water from the blood,
or from the addition ol ealeium salts to the blood to buffer down the products of
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respiration in the animal now deprived of its regular supply of fresh water; or both
factors may have contributed to the rise in specilic gravity.

The specific gravity of the blood continued to rise throughout the test. Tt was
noted that those mussels which remeined closed survived, while those which opened
the valves and thereby lost some or dll of the water which had been retained betwaeen
the valves when the animal closed, as it was being tsken from the river, soon sue-
cumbed. |

The pH value of the blood remained near pIi 7.7 in most of the snimals from
which samples were taken, but all moribund animals were rejected in this series.
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Tawsrn 17 ~~Specific graviy and pH values for the blood of fresh-water mussels exposed 1o the air
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IN AIR AT ROOM TEMPERATURE, 24°
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NIEAR FREEHNG

The use of ice in connection with shipments of mussels has been aceepted rather
generally because the melting ice bathes the mussels continuously in a limited amount
of water, without the disadvantages of & water shipment.  Accordingly 60 mussels
were packed on ice in perforated containers immedintely alter the animals were taken
from the river. The eontainers were so prepared that no water conbd weenmnlate
under or around the musscls, buf they were kept moist by the coustantly welting ice.
Blood samples from these mussels were taken at intervals and the data wre presented
in Table 17 and Figure 14 in conjunction with the data from the other air series.

During the first 48 hours only those animals which were closed were used for
samples, and these were found on opening to have lost most of the water which was
included between the valves at the time the musscls were taken from the river. At
the end of 72 hours exposure to air on ice, all animals still showing tactile responses
to stimulation of the foot or mantle were sacrificed for samples. At this time
practically all of the mussels were gapping slighily and the water from the inside
of the shell had been lost.

In this group of animals kept on ice in air for 72 hours a blood specific pravity of
1.0099 was recorded for o specimen the monkey face, Quadrule metaneora. This
was the highest blood specific gravity found in any of these studies on the blood of
fresh-water mussels.  All of the individuals surviving the ice treatment for 72 hours
yielded blood with a specific gravity well above the average blood specific gravity
for normal mussels, and several records were wnusually high,  The pH value of the
blood of these mussels of the ice series was less alkaline than normal, and in the
main the mussels gave the combined pleture of blood coneentration snd low alka-
linity which was exhibited by moeribund mussels throuchout the varions tests,

The ice tests were repeated several times on other sories of mussels, and it was
always noted that as the animal became chilled there was a tendency for the ad-
ductor museles to relax slightly.  As the muscles relaxed the shells gapped apars
more or ess, and the water included between the valves at the time the animal was
closed was lost more or less completely.  The rise in blood specifie gravity in mussels
exposed to air secmed therefors, in part at lehst, to be associnted with loss of this
water from between the shells.  Once the mussel became so numbed that its valves
began to gap open, the soft parts of the animal were exposed to the direet nction
of the air, if the water between the valves were lost.  There scemed Lo be no mech-
anista to maintain the concentration of the blood at the normal level while the soit
parts lost water to the air.

To test this interpretation of these results, four large southern floaters, Anadonta
Limneana, were prepared by cutting o window in the shell of cach in the region of the
heart, as deseribed in s previous seetion.  Bieh mussel was then mounted on its
side with the uncut valve down, in o glass jur, and water added until the uneut
valve and the opening between the two valves were submerged.  Tn this way the
mantle cavity of the mussel was filled with water, but water eould not enter the
shell-window which was above the water level at all times. A thermometer was
inserted through the window and supported so that the bulb of the thermometer
remained in the pericardial cevity, registering therefore the temperature of the
fluid surrounding the heart. The glass vessel was then covered to climinate dis-
burbing air currents and to reduce evaporati¢n from the mussel to the minimum,
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and eack animal held at 20° C. for six hours beforctthe initial blood sample was
taken,  The blood samples were drawn directly from the heart, as in previous tests,
with o fine dental needle mounted on o Leur syringe.

By adding ice to the water in the jar, the temperature of the animal as deter-
mined from the poricardial fluid, was reduced st the rate of 5° C. In 30 minutes.
After the mussel’'s body temperature had been reduced 1o 6° C. and the last sample
taken, the mussol was slowly returned o a temperature of 15° €. to 20° €. where
it was held until the following moring (approximuetely 24 hours after the {irst sample
was drawn), when saumples were frawn again during a seeond reduction of body
temperature similar to that of the first day.  In the ease of mussel G, samples were
taken at the beginning and at the end of o third femperature reduetion during the
third dey. After the last samples were teken cach mussel was held at room tem-
perature for 24 hours as a cheek on its conditlon.  None of the mussels of this series
died during the 24 hours {ollowing the termination of these tests.

The data from this series are given in Tabli 18,

Tasry 18.Specific gravity of the blood of fresh-waler mussels of various temperatures

)
Individual WL e | owea ) s, o
|
i
first day. . 10022 10012 10036
seennd ds oo Loy 1,402
D]!il'st. day. 1Lu0s2 1008
1second day 1L GG 1G4
LTS B P SN - - 10606 10008
Cisncuml 14 £ T VRPN . 5. 6005 1. U5 L0015
LY U PP . 91103 CU DU AR
Jhrst day . ooivveinninaa P - FRET 16012 1,004
e N 1 U 10015 10017 1. 0021

The figures given in Table 18 show that the specilic gravivy of the bleod did net
rise te the levels attained by the blood from the mussels of the iec series in which
no precaution was taken to prevent undue loss of water by the mussel.  Infact, thers
was little or no concentration of the blocd, as measured by the specific gravity, in
these floaters which were protected from air currents and loss of water, nlthough
they were lowered {0 zero centigrade.

The changes in the blood specific gravity of the mussels when held in air are
evidently o matter of waler loss to a large extent, as the mussel scems to have no
way to maintain the blood concentration level when water is removed from a large
portion of the body. The changes in the allkalinity were not evident in the blood
until the animal became moribund as the resuit of the wnter loss.

SUMMARY

Blood from 27 species of North American {resh-water mussels was anslyzed nnd
the values of the various characteristics and constituents of normal fresh-wator mussel
blood determined. These values have been summarized in Table 19,

2

Tapre 18.—Summary of the characterislics and constithents of normal fresh-water musacl blood

Muxl-

Xint-
IGUTN niyin

Mlini-

mum |Average
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Bnccifie geavity 50003 1 L0028 | X078 | Calelum chloride.. ... 0.4270 | 0. 1000
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Qrpnnic ma deao o 1180 LT L3148 Oxylen. ... ovelumes per cento.| .16 it L83
Blood stigar. milligrams. _§ 7 3z 63 Carbon dfoxtde. .. onoao. ST NN I 48 :H
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These values collectively show the blood of {résh~water mussels to be very low in
solids as compared with the blood of other animals, both fresh-water and marine.
The blood of fresh-water mussels s more alkaline than that of most enimals, and
varies over a rather wide range on the alkaline side of neutrality; in this respeet the
blood of fresh-water mussels being comparable to thet of other mollusea as noted by
Giershacels (1801},

Although the blood of fresh-water mussels was found to contain only very small
quantities of inorganic selts, it was demonstrated by means of physiologicsl tests on
living prepavations of the foot and of the heart of fresh-water mussels, that these
salts, even though present in the blood in low concentrations, arce essential for the
life activitics of the mussels; and that these salts are balanced peainst ench other as
in the higher animals.  The activity of the heart and of the foot of these [resh-waler
musscls ceased promptly if the proportions or the quantities of these salts in the blood
wers inereased or diminished beyond rather narrow Hinits.

"he fresh-water mussels were found to be very seositive to chunges in the salt
content of the water in which they were Hving.  When small quentitics of common
salt or various other inorganic salts were added to the surrounding water, the specific
gravity and salt content of the blood of the mussels changed rapidly in o fow hours.
bimilarly if the mussels were transferrad from ordihary river water to distilled witer,
the specific gravity and salt content of the blood of the mussels were lowered.  From
these series of tests it was demonstrated that the blood of the fresh-water mussel
varies with and in the direction of the concentration of the salts in the water in which
it is living; and as these changes take place rapidly, thoy suggest that the restriction
on an osmotic balance between the blood of the mussel and the fluid surrcunding the
mussel is slight.  Since the fresh-water mussel is very limited in its locomotion, this
facile modification of the blood by the environment makes the fresh-water mussel
particularly susceptible to changes in water composition resulting from the introduc-
tion of various industrial wastes into the mussel-besring streams.

Exposure to air cither at ordinary temperatures or on ice, caused the specific
gravity of the blood of fresh-water mussels to rise, indicating a concentration of (he
blood.  This concentration of the blood, which rapidly reached a critical level, was
accelerated if the mussel lost the water which was refained inside of the shell when
the animal was removed to the alr.  As mussels packed on ice were soon so numbed
that the ndductor museles relaxed sufliciently to nllow tho shells to gape open and
tho water to drain cut, mussels g0 prcked succurbed more rapidly than those which
were packed in moist sphagnum or other dump material,

‘ho alkalinity of the blood was reduced and the speeifie gravity rose in moribund
fresh-water mussels.

'The blood can be used as an index of the physiological condition of fresh-water
mussels.
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