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ABSTRACT 

This paper reviews the ecological literature 
on the . fresh-water· clam Mar gar it ife r a 
margaritifera (LiMaeus), and presents od­
giAal observations on a population in the Kettle 
River near Boyds, Stevens Co., Washington. 
Data are summarized on h.1bitat, substratum and 
w.ater depth, stream velocity, shell attitude and 
orientation, turbidity, temperature, desiccation, 

. light, lime, population density, se.asonal beha-

vior, associated organisms, reproduction, and 
duration of life. The value of several shell 
characteristics in drawing ecological conclusions 
in ethnomalacological and paleoecological works 
is discussed. References cited constitute a bibli­
ography of margaritiferid ecology plus a selected 
number of references on freshwater pearls, pearl 
fisheries, systematics and paleontology of the 
Margariti feri<!Je • 
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INTRODUCTION 

The preparation of a report on the ethnomala­
cology of the fresh-water pearl mussel Marga­
ritifera margaritifera (Linnaeus) for the 
University of Oregon Museum of Natural History 
necessitated a review of t!J.e widely scattered e­
cological literature on this species (Roscoe, 196e). 
Field observations on a population of M. mar­
garitifera in the Kettle River near Boyds, 
Stevens Co. , Washington, were begun by the 
present authors in September 1962 and continued 
by the junior. author to August 1964. The auth­
ors stress the preliminary nature of their field 
observations. The site is readily accessible and 
they strongly urge more detailed long-range stu­
dies by local residents having time and facilities. 
The present report, incorporating both literature 
review and field observations, supplements the 
previous major ecological reviews of the British 
malacologists Jackson ( 1925) and Boycott ( 1936) 
and amplifies the meager American literature. 

Mar gar it if el' a mar gar it i fer a has the 
widest range of any naiad in the world (Simpson, 
1914) • . It is found throughout the Palearctic as 
far south as Japan. In the Nearctic it extends 
from ·Newfoundland to Pennsylvania and New 
York in the east, to the upper Missouri River a­
rea in the central states,- and to below the 40th 
parallel in the west(Walker, 1910; Simpson, 
1914; Ingram, 1948; Clarke and Berg, 1963). 
The zoogeographic significance of Marga r i­
tifera is discussed by Scharff(1907, 1911) and 
Beauford ( 1951). 

ECOLOGY OF MARG ARI TIFERA MAR­
GARITIFERA (L.) : 

HABITAT. Mar gar it if era is essentially, 
although not exclusively, a river inhabitant. 
Boycott(1936) speaks ofM. ma:rgaritifera 
as living in "a well-defined river habitat, though 
it is a little difficult to specify the essential qua­
lities • • • • Most of its habitats are places in · 
which fishermen would expect to get trout and 
hope for salmon •••• " Several other authors 

also mention trout streams as the most favorable 
habitats. Lake dwelling populations are recorded 
from both Europe (Boycott, 1936) and North Am­
erica (Clarke and Berg, 1957; Clarke and Rick, 
1963). 

Kettle River, the site of our original field ob­
servations, is a typical river habitat of Marga­
r it if era. To avoid interruption of the continu­
ity of the ecological account details of the Kettle 
River habitat are given below, under "Description 
of Study Area." 

SUBSTRATUM AND DEPTH. M a r gar i -
tifera margaritifera is said to be usually 
found in accumulations of sand behind large 
stones (Boycott, 1936) and to be generally absent 
from deep holes and muddy bottoms (Boycott and 
Bowell, 1898). A preference for "eddies and 
pools which are rather deep with a steady and 
lively current and with gravelly and sandy bot­
toms" is noted by Ortmann(1919). In Europe the 
species has been recorded from millstreams in the 
vicinity of artificial stone weirs (Harms, 1907). 
Exact depth figures cited vary from 1. 5 to 5 feet, 
with a stated preference of about 3 feet (Boycott 
and Bowell, 1898; Haas, 1908; Harms, 1907; Ort­
mann, 1919; Jackson, 1925) . 

In the Kettle River the mussels were noted in 
September 1962 as mostly confined to one side 
of the stream just above a sharp bend over an a­
rea of about 1500 sq. ft., at depths of from 2 to 
4 feet. The bottom material consists of a mix­
ture of boulders and gravel with some sand and 
slight amounts of silt and clay. At the upstream 
margin of the bed the mussels tended to occur 
singly, but farther downstream they were grouped 
together in clumps of from two to about eight in­
dividuals, often in sand behind larger stones and 
boulders. Just below this bed a deep hole occurs 
on one side of the stream in which no mussels 
have been detected to date. 

STREAM VELOCITY. In discussing unionids 
in general Eager ( 1948) has noted that there is 
seemingly an upper limit to the stream velocity 
in which the various river forms can survive. He 
suggests that this critical limit may be determined 
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merely by the rate at which the shells are washed 
away in time of flood, "although such a simple 
explanation appears unlikely in the case of such 
a large burrowing species as M. mar gar it i-
f era .• " A limiting velocity for Marga r it i­
fer a in small brooks in Germany has been noted 
by Alm~er (1926). 

Despite the fact that seemingly identical con­
ditions are found ~n the ~ettle River for a dis­
tance of about amile both above and below the 
clam bed, no additional live specimens were 
found in September 1962. At this time the cur­
rent was fairly rapid although the stream was at 
low-water stage. Following the high water stage 
of 1963 a second smaller bed of M. mar gar i­
tifera. was observed about 1,000 feet below 
the original bed, and below the deep hole men­
tioned above. In the late summer of 1964 clams 
were obs~rved spread over an extensive area 
downstream from the site of the original 1962 
bed. In this new area the bottom is sandy with 
a few rocks and the water is deeper and swifter 
than at the site of the original bed. The fate of 
mussels washed into the deep hole adjacent to a 
portion of this new area is unknown. We believe 
that the specimens in the two additional areas 
were washed down from the main bed. Obser­
vations in 1962 on transplants in the Kettle River 
revealed that occasionally individuals get caught 
cross-wise to the current and are rolled some dis­
tance downstream. Seemingly such washing ac­
tion does much less damage to the clams than 
might be supposed. 

SHELL ATTITUDE AND ORIENTATION. Mar­
garitifera is a burrowing form. A very early 
account by Redding (1693) states that they may 
be found "laying on their sides or set up in the 
sand like eggs in salt, with the sharp edge down­
wards, and the opening side turned from the tor­
rent." Generally Mar gar it if era does not 
bury its shell as deeply as does Anodon ta, a 
fact probably correlated with the usually harder 
substrate in which Margaritifera lives, but 
it has been noted as burrowing nearly two-thirds 
of its length into sand and gravel (Okada and 
Koba, 1933), at angles of from 25.; to so• 

(Harms, 1907; Haas, 1908; Okada and Koba, 
1933). 

In the Kettle River population generally only 
a short part of the anterior end of the shell was 
imbedded in the substrate, although in places al­
most one-half of the clam w.as buried. The an­
gle of repose varied from o• to 90•, i. e., al­
most parallel with the substrate to upright. A­
mong 25 specimens transplanted in September 
1962 to a section of the stream where they could 
be observed more readily, some individuals 
would lie almost parallel to the bottom with 
much of the sheJl covered by stones. Occasion­
ally an individual would be found lying on its 
side for a short period of time. Most of the clams 
in the bed had the siphons directed upstream, but 
ilf\long the transplants the clams assumed every 
angle from siphons directed toward the current 
to siphoqs directed away from the ctirrent. In 
eddies there is a tendency to orient the siphons 
toward the current. 

TURBIDITY. When the water is muddied 
M argari tifera is said to withdraw tpe mantle 
and close the valves (Jackson, 1925) responding 
in much the same way u to reduced light ( q. v .). 
During high water stages the Kettle River becomes 
so turbid .as to render observations of the clams 
difficult to impossible. Transplanted individuals 
responded to muddied water as described by Jack­
son, but their reaction to continued turbidity is 
unknown. 

TEMPERATURE. Margaritifera is appa ­
rently quite tolerant of cold temperatures, .as 
indicated by its distribution. It is rep<Xted in 
mountain streams off the Arctic coast of Europe 
where the summer water temperatures reach on­
ly about 13• C. (55.4• F.) (Jackson, 1926). Its 
proclivity for mountain streams in the Nearctic 
is well established (Ortmann. 1919; Ingram, 
1948). The upper temperature limit is unknown, 
but since in nature this factor would be closely 
linked to oxygen content discrimination between 
the effect of the two {actors would be difficult. 

Unfortunately no instrumental observations 
were made on the Kettle River population. 
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Bare-legged w.ading in the stream is uncomfort­
able in early September, and the water is cool 
even during the warmest summer months. Ice 
fa:ms over much of the stream during the winter 
months. 

DESICCATION. M argari tifer a is said 
to be very seB'itive to desiccation, not frequent­
ing streams subject to drying. The shipment of 
live specimeB' is difficult (Boycott, 1921a). In 
the Kettle River one transplant was ooserved to 
remain partially embedded in the substrate (sand­
mud-cobble) for a period of three days in Sep­
temper 1962 during which the water gradually 
lowered until over one-half of the shell was ex­
po&ed to the atmosphere. The substrate remain­
ed moist during this interval, Unfatunatelytpigs 
UJXooted the specimen before the results of this 
interesting natural experiment could be learned. 
Certain physiological mechanisms, such as trans­
fef of calcium salts between shell and blood, .may 
favor desiccation resistance (Prosser and Brown, 
1961). 

LIGHT. Under a full sun Mar gar i tifer a 
is said to emerge and to protrude a portion 
of the mantle through the partly opened valves; 
under an overcast sun the mantle is withdrawn 
and the valves close (Jackson, 1925). A prefer­
ence for situatioB' where lhe stream banks are 
shaded by trees a: shrubs is noted by Ortmann 
(1919). 

At the site of the Kettle River population the 
stream is not shaded by trees or shrubs. Our 
limited observations of transplants indicate no 
consistent pattern in regard to response to light. 
Apparently some locomotion occurs during the 
late evening, night, or early morning hours. 

LIME. The most controversial point in the 
ecology of Marga r it i fer a centers arqund 
the chemistry of the waters it inhabits. The 
absence of this genus from lime-rich regions in 
Europe has been fre<~uently commented upon. 
In North America Ste.arns (1907) ro!lised the ques­
tion of whether the absence of much of the uni­
onid fauna of the Missiaippi Basin from the 

Columbia and Pacific Coast regions was due to a 
smaller proportion of lime in the waters of the 
latter areas, which would imply a fava:able che­
mical environment in these waters for M a r g a­
ritifera. 

In the long list of chemical analyses of waters 
inwhich Margaritifera has been found, Boy­
cott ( 1936) shows that the genus occurs in Scot­
land in waters with a hardness ( Ca ppm) of 1 to 
79, with the majority running below 30 ppm. 
Analyses of rivers in the south of England in which 
these mussels DO NOT occur show hardness of 
from 70 to 115 ppm. At Cleveland, New Yak, 
Clarke and Berg(1959) obtained M argari ti­
fer a at only one locality, Black Creek, in the 
softest stream water analyzed in their survey. 
This locality had a hardness of 46 ppm cacea. 

Seve..ral workers (Von Hessaling, 1859; McKean, 
1882-83; Haas, 1910) have experimentally placed 
M. margaritifera inhardwaterwithnosuc­
cess. However, Boycott ( 1925) concluded after 
a series of experiments with waters of varying de­
grees of hardness that hard water per s e is by 
no means necessarily fatal to Mar gar i ti fer a. 
He subsequently (Boycott, 1927) recorded its pre­
sence in British waters with a calcium content as 
high as 79 mgs per liter. Haas (1948) has si'nce 
conceded that this mussel is able, "under condi­
tions not yet known," to exist in water in which 
considerable lime is present. His views as to the 
influence of calcium on shell shape are noted 
later under "Shape." 

Boycott ( 1936) notes that "the case for soft 
water is up to a point impressive • • • • It would 
almost [bel equally easy to argue that the thing 
that is requisite and necessary is a quick flowing 
cool river with clean water and the right kinds of 
bottom, and that it is as it were a ph y s i o gr a­
phi c a 1 accident that such rivers are 
nearly always soft •••• (Emphasis ours). Perhaps 
the solution of this very interesting question may 
come when someone discovers where the young 
mussels live after they fall off the (host) fish 
till they are about 2 inches long - a rna tter of 
several years; at present this is quite unknown." 

In some experiments on the effect of various 
salts on freshwater mussels Ellis e t a 1. ( 1931) 
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found calcium salts to be less toxic than other 
groups of salts, and also that there was some 
difference in tol~rance between adult clams and 
young stages of the same species, The entire 
matter of calcium metabolism is a physiolo­
gical problem which bears much further inves• 
tigation ( cf. Prosser and Brown, 1961). The pos­
sible relationship between calcium salts andre­
sistance to desiccation in mussels has been noted 
above ( p. 22). 

In seeking some explanation to account for 
the demonstrable absence of M a r gar i t i fer ·a 
from most high-calcium waters, we are inclined 
to agree with Boycott (1925, 1927) and Kennard, 
Salisbury, and Woodward (1925) that search be 
made for a correlative factor or factors. Corre­
lations do not necessarily prove cause and effect.1 

Before leaving the topic of lime, it should be 
noted that the excess of carbon dioxide in most 
waters in which Margaritifera live.s results 
in severe erosion of the shells, especially around 
the be.ak area. Variation in degree of such ero· 
sion from stream to stream has been noted (Jack­
son, 1925). "Bones" frequently have nothing 
left but the periostracum, and these "shell skins" 
have been reported from Holocene deposits in 
Scotland (Bennie, 1866) and from midden heaps 
in the Klamath region (Cressman, 1956). No 
such "skin$" were observed by the· senior author 
in the Round Butte archaeological material al­
though most specimens did show extensive ero­
.sion. Sever.al "bones" observed in the bed of the 
Kettle River .as well as along its flood plain show­
ed the calcium layers to be more eroded than the 
periostracum, a situation that would bead to the 
production of "shell skins. " 

YIn the brine shrimp, Artemia salina, 
Gilchrist ( 1954) has sh9wn that concentration of 
the haemoglobin in the blood may be correlated 
with degree of salinity of the water which these 
organisms inhabit. He points out that this is a 
false correlation, however, as haemoglobin con-

POPULATION DENSITY. There is 1i ttle pub­
lished information on population density in Mar­
garitifera. In a half mile of stream at the 
trout rearing ponds near Truckee, California, 
Murphy ( 1942) estimated the number of indivi­
duals of M. margaritifera over 40 mm. in 
length at about 20,000 . A rough estimate of the 
Kettle River population indicates a density of a 
few thousand individuals in an area of about 1500 
square feet, while the secondary· population es­
tablished after high-water in 1963 numbered about 
60 individuals over an area of about 9 square feet. 

SEASONAL BEHAVIOR. A seasonal distribu­
tion pattern has been ascribed to M a r g a r i t i -
fer a in stream beds (Jackson, 1925). In the 
spring the clams are reported to be found in the 
shallow water near the bank. Here they are siad 
to move about freely, their long curving tracks 
being very conspicuous on the bottom. These 
tracks are described as formin~ a very nearly re­
gular circle, and it is estimated that they travel 
from 12 to 15 feet each day. Stoppages are said 
to be clearly visible in the tracks. Later in the 
year, mid- to late summer, the mussels are re­
ported to be distributed over the entire width of 
the river (Harms, 1907). 

No seasonal pattern of distribution has been 
detected in the Kettle River population over a 
two year period. Observation of individual trans­
plants revealed straight and "L" shaped tracks, 
over stony bottom, but no circular or curving 
tracks. Stoppages could not always be readily 
detected in the tracks. 

Nothing has been published on winter activi­
ties in Mar gar it i fer a. Ice hampered obser-

centration is directly related to 0 2 , which is in­
versely related to degree of salinity. Thus sali­
nity is an indirect factor which acts by reducing 
the amount of 02 the water can hold, the organ­
ism responding by an increase in haemoglobin in 
the blood. 
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vations of the Kettle River population, but ap~ 
parently the clams remain in essentially the· 
same position from fall to spring. 

ASSOCIATED INVERTEBRATES. In forma­
tion on associated species is scant. In Europe 
Margaritifera has been reported as occur­
ring with the clams Anodonta anatina 
and Unio crass us (Haas, 1948), while in 
the upper Weaer drainage Boettger (1954) noted 
insect larvae as common but An c y 1 as tr u m 
fluviatile (MUller) the only common mol­
lusk. In New YQrk Clarke and Berg (1959) found 
Margari tifera in association with Ellip- · 
tio complanatus and a few other unspeci­
fied clams. The ethnomalacological material 
collected from near Deschutes River, Oregon, 
indicates association with crayfish and the snail 
Goniobasis (Roscoe, 1963). 

At the Kettle River bed a single specimen of 
a juvenile Anodonta, referable to A. ore­
gonensis, was found near the water's edge 
where the bottom was quite muddy. No snails 
were obse1ved oa or among the clams at this site. 
Insect larvae were common, and small crayfish 
were observed. 

FISH ASSOCIATES. Freshwater mussels al­
ways attest to the presence of fish in streams 
from which they are collected since these mus­
sels are obligatory parasites on fish during their 
young (glochidial) stages. According to Mor­
rison ( 1955) the mantle flaps of the freshwater 
mussel Lamps il is are spotted and resemble 
small fish. These flaps "pulsate or jerk inter­
mittently like a wowtded minnow, to attract . 
fish during the glochidia shedding season. " 
Margaritifera does notpossesssuchspe­
cialized mantle flaps. More information is 

needed on the fish hosu of M ar gar i t i fer a. 
Trout have been observed naturally infected 
with Mar gari tifer a glochicia (Wilson, 
1916; Murphy, 1942), and experimental infec­
tion has been established in Brown, Rainbow, 
and Brook trout (Murphy, 1942) and several kinds 
of minnows (Harms, 1907; Murphy, 1942). 
Judging from the wide distribution of Marga-

r it if era several kinds of fish must be capable 
of serving as hosts. 

REPRODUCTION. In Europe Marga r it i­
fer a is reported to breed in mid-summer, July 
to early August (Harms, 1907). The process may 
occur as early as the end of May ( Schierholz, 
1888). In eastern North America breeding is sus­
pected to occur during approximately the same 
period, June to August (Conner, 1909; Ortmann, 
1919). The European Margaritifera (Harms, 
1907) produce a relatively large quantity of ova 
in a season. The duration of a single brood is a­
bout 16 days in very warm weather, but may ex­
tend to about 4 weeks in cold temperature. Un­
like Anodonta, theripe Margaritifera 
glochidia are not retained in the gills of the pa­
rent over the winter, but are expelled during late 
July and August within a period of a few days. 
The mussel is said to frequently change position 
during the course of expelling its ova. 

According to Jackson ( 1925) the glochidia of 
Marga r i ti fer a are extremely small ( diame­
ter 0.0475 mm.) as compared to Anodonta 
(0.35mm.). Margaritifera glochidia are 
withouf true hooks, possessing six or seven small 
teeth only and become attached to the gills of 
the host fish, not to the fins as in An o don t a. 
Within 2-4 hours the glochidia become shut in 
by a thick cyst. The duration of the parasitic 
stage on the gills of the host fish depends upon 
the temperature of the water. It generally oc­
cupies about 14 or 15 days, but may be prolonged 
to 4 or 5 weeks. The larvae then fall to the bot­
tom of the stream and become free-living. Il­
lustrations of the g)ochidial stages of over 50 spe­
cies of North American freshwater mussels may 
be fowtd in Surber ( 1912, 1915). He does not 
illustrate M. mar gar i ti fer a glochidia but 
does include the related M. m on od on ta. Ju­
venile stages ofM. margaritifera are dis­
cussed and illustrated by Alverdes ( 1918). 

The morphological development of the glo­
chidial and young mussel stages of Marga r it i­
fer a are discussed in detail by Harms(1909), 
A study of the growth of marked specimens over 
a two-year period was made by Rubbel ( 1913), 
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He failed to detect consistent growth rings, which 
are rather ill-defined in Marga r i ti fer a. 
Growth rate is more rapid in the younger stages, 
falling regularly from 1 mm./year in shells 60 
mm. long to 0.4 mm./year in shells 100 mm. 
long. As might be expected, growth rate varies 
from place to place. Altnoder (1926) found that 
specimens from one locality bearing 20 annuli 
measured 11.6 mm. in length, while from an­
other they measured 12.4 mm. with 60 annuli. 
He also found that the size relative to the num­
ber of annuli increased in a downstream direc­
tion. Saldau ( 1939) found that the specimens 
from some rivers had reached 60 mm. in length 
by 10 years of age and 70 mm. by 13 years, 13 
year old specimens from other rivers measured 
less than 50 mm. Saldau ( 1939) noted that 
while growth in U n i o from the European part 
of Russia continued in some waters after the 
eighthyear, M. margaritifera was growing 

. steadily without any evident falling-off in rate 
at the thirteenth year. 

DURATION OF LIFE. Comfort ( 1957) notes 
that it has long been suspected that M. m a r -
gar it if era has by far the longest life-span of 
any European species. Various inferences and 
estimates range from 60 to 100 years. Assum­
ing a 60 mm. specimen to be at le.ast 10 years 
old, Rubbel (1913) concluded that it should take 
another 20 years to reach 80 mm., and a further 
40 years to reach 100 mm. On this basis the na­
tural life-span could not be less than 70-80 years. 
Comfort( 1957) notes that in general, large na­
iad shells represent a high growth-rate rather 
than extreme age. The normal maximum age 
in U n i o and A nod on t a is probably not much 
more than 20-30 years. Comfort ( 1957) remarks 
that, if the 100 year estimate of Israel's for M. 
margaritifera is correct, it is the longest­
lived invertebrate known. (A similar age has 
been guess~mated for the giant clam Tr ida c-
n a}. Comfort thinks that a life span of this 
order in the wild would imply an exceedingly 
low adult mort~lity. Freshwater mussels are 
known to be attacked by rodents and birds, and 
M. mar gar i t if era has been fished for many 

centuries by man, often in a destructive manner. 
A direct de termination of age- group mortality 
in marked shells does not seem to have been un­
dertaken, either in fished or unfished waters. 

PALEOECOLOGICAL CONSIDERATIONS 

To what extent can ecological deductions be 
based on shell features? How reliable are such 
deductions? These are questions of great impor­
tance to the paleoecologist and ethnomalacolo­
gist, and it seems some discussion of the shell 
as a reflection of ecological conditions is mer­
ited here. 

Size. To a degree at least, size is a reflec­
tion of ecological conditions. The largest Am­
ericanspecimensofM. margaritifera on 
record, from Pennsylvania, range up to 152 mm. 
in length and 67 mm. in height (Ortmann, 1911, 
1919). The largest European specimen known, 
from Sweden (specimens deposited in the Zoolo­
gical Museum, University of Helsingfors) meas­
ures 154 mm. in length and 63 mm. in height 
(Brander, 1956). Haas ( 1941) gives no data on 
either American or European members of this 
species, but does cite an Asian specimen of the 
subspecies M. m. dab. uri c a Middendorff from 
the Amur River in Eastern Siberia which meas­
ured 177 mm. in length and 69 mm. in height. 

Shape. To what extent shell shape reflects 
environmental conditions, and to what extent, 
it is a factor of age variation is not clear. Two 
types of shapes have long been distingaished. 
Linnaeus applied the specific name mar gar i­
ti fer a to the "kidney-shaped," or arcuate, 
type (the presumed type specimens from the 
Linnaean collection are illustrated by Bloomer, 
1937). Lamarck later applied the name e 1 on­
gat a to the non- arcuate type. Several other 
variants have been given formal taxonomic sta­
tus by European writers. 

As early as 1823 Barnes published figures of 
both arcuate and non-arcuate types, noting that 
"The remarkable change in the form of this 
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species by age .as represented in the figures" (his 
figure 20, indicating a non-arcuate specimen as 
"young," an arcuate specimen as "old") "might 
induce an observer to suppose that the shells be­
longed to different species; but the specimens in 
our collections of every variety of form, from 
those that are str.aight or even slightly round -
e d on the base, to those that are deeply arcu­
ated, show clearly that a 11 belong .to the same 
species." (Italics in original). Recently Clarke 
and Berg ( 1959, figs. 57, 58) have illustrated 
both non-arcuate and arcuate specimens of M. 
margaritifera from New York, designating 
them as immature and mature respectively. 

Simpson ( 1914) related the difference in shape 
of Margaritifera to an "unfavorable envir­
onment," while Haas (1948) has specifically as­
cribed it to the calcium content of the water. 
Haas believes that specimens living in streams 
with low calcium content are larger, longer, 
wide, thicker, and more arcuate than those liv­
ing in high calcium waters. Both arcuate and 
non-arcuate types were present in the Deschutes 
material, with some non-arcuate individuals as 
large as some arcuate specimens. 

In M. margari tifera from several small 
streams in Germany, AltnOder (1926) found some 
correlation between. obesity and relative height 
and a negative correlation between relative height 
and the fall or gradient of the stream. Obese, 
relatively high forms with rounded lower borders 
were present where the fall of the stream was 
least, while in more rapid water the shell be­
came less obese and more elongate with straight 
and finally "bighted" (arcuate?) or reflected 
lower borders. The variation in British and Irish 
M a r gar i t i fer a has been discussed by Bloomer 
(1927). There has been some additional work on 
shell morphology of this species by Dyak (1942) 
which we have not seen. Eager ( 194'8, fig. 5) 
reproduces a series of illustrations of the shape 
of M. margaritifera shells from streams of 
various velocities. Apparently no studies have 
been reported on comparisons of lake and stream 
populations of the species. 

Thickness. Although. characteristically thick-

er than Anodonta, for its size Margarfti­
fer a is not excessively thick-shelled, Perhaps 
this is correlated with its pro~livity for lime de­
ficient regions. Other molh~sks compensate by 
building smaller, but normally thick shells in 
such situations • . A few specimens from the Des­
chutes, Oregon archeology sites exceeded in 
thickness anything the senior author has observed 
in this species. The Oregon specimens were 
strongly reminiscent of descriptions and illustra­
tion of M. auricularia (Spengler) from the 
British Pleistocene and Holocene (Kennard, Sa­
lisbury and Woodward, 1925; Wenz, 1944; Ker­
ney, 1958). Comparative material of M. au­
ricularia has not been available. 
The relationship of the species mar gar it if e­
ra, auricularia, and durrovensis has · 
been discussed (Haas and Wenz, 1914; Philhps, 
1929; Haas, 1948), but the subject requires fur­
ther study and re-evaluation. None of the mate­
rial observed in the Kettle River population ex­
hibited this abnormally thick condition. 

Sculpture. This consists of longitudinal' rid­
ges, sometimes a little broken. The surface is 
marked by rude growth lines. Neither the Des­
chutes nor Kettle River specimens afford anything 
unusual in this regard. 

Periostracum. Sometimes, but incorrectly, 
called the epidermis, the outer horny covering 
of the shell is normally thick, blackish or brown­
ish, and somewhat shiny. The Kettle River spe­
cimens were normal in this regard. 

Nacre. The inner lining of the valves, or 
nacre which may take up to half of the entire 
thickness of the shell (Jeffreys, 1862), is shiny 
in fresh material, and varies in color from whit­
ish to purple. Much of the western United States 
material has a decided purplish or reddish-pur­
ple color, and this was the basis for the nominal 
subspecies M. m. fa 1 c at a described by Gould 
from tlle Columbia River material collected by 
the Wilkes Expedition. Most naiad specialists 
are now of the opinion that this is merely a col­
or variation not worthy of even a varietal name. 
Nacre color tends to fade even in recently col-
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lected museum specimens, and is generally ab­
sent in fossil and subfossil material. The most 
extensive discussion of v.aria tion in nacre color 
in n.aiades is that of Grier ( 1920) on the Ohio 
drainage basin fauna. 

Specimens of M a r g a r i t i fer a from the 
same locality will often show both colored and 
white nacre,. so that the relation of this feature 
to ecology is not clear. 

Teeth and Muscle Scars. The left valve of 
Margaritifera has twostuinpy pseudocar­
din.al teeth; the right valve has one .tooth. La­
teral teeth are generally absent in adult speci­
mens, although often well developed in juve­
niles and occasionally occurring in mature in­
dividuals • . Muscle sc.ars are impressed, the an­
terior one rough, the posterior one smoother, el­
liptical. Examination of specimens in the Chi­
cago Natural History Museum collection, the 
Deschutes material, and the Kettle River popu­
lation reveals that a considerable amount of va­
riation may occur in the degree of development 
of the pseudocardinal teeth and muscle scars a­
mong comparable sized specimens. The eco­

·logic significance of this variation is unknown. 

Conclusions. More detailed studies on vari­
ation in shell morphology and correlation of 
these data . with ecological conditions are neces­
sary before firm conclusions can be made based 
on paleontological or ethnomalacological ma­
terial, 

As noted previously, it is an unresolved pro­
blem as to how much of the variation in shell 
morphology of Mar gar i ti fer a is attribu­
table w age .and how much to environmental 
factors. The lack of growth series and of .ade­
quat~ population samples makes most museum 
collections of little use in such studies. 

DESCRIPTION OF THE STUDY AREA 

The region in which our original observations 
were carried out is a part of the Cordilleran com­
plex of the northwestern United States and south­
western Canada(Daly, 1912). The site is in a 

stretch of the Kettle River adjacent to the pro­
perty of Mr. Wallace Redelings in Sec. 20, T. 
38 N., R. 37 E. about 1. 5 miles west of Bar­
stow, Stevens Co., Washington. It is readily 
reached via U.S. Highway 395 between Spokane 
and Laurier. Local inquiry is best made at Bar­
stow. 

The Kettle River originates in British Col urn­
bia in streams draining the Beaverdell Mountains. 
After uniting with the West Kettle at Westbridge, 
the stream flows southward to Rock Creek, turns 
eastward for a short distance, then makes a large 
U dipping below the 49th parallel to skirt the 
Midway Mountains. Near Grand Forks the Kettle 
is joined by the Granby and again flows eastward 
to Cascade. Here it turns once more southward 
through the upper part of the Kettle Valley, past 
Laurier(nearest U.S.G.S. gaging station to the 
study site), uniting with the Columbia some 27 
miles southward. Between the 49th parallel and 
Marcus the Kettle River forms the western bound­
ary of Stevens County. 

Physiography. The Kettle Valley is generally 
narrow and deep, with mountains on either side 
rising rapidly to elevations varying between 4, 000 
and 5, 000 feet. Alluvial terraces from 1/4 to 
1 1/4 miles wide border the generally swiftly 
flowing river. The valley in the region of the 
study site is open and the stream just below the 
site describes several marked meanders. The 
elevation of Kettle River at Laurier is about 
1, 644 feet; the elevation at its junction with the 
Columbia is 1, 260. Between the 49th parallel 
and the Columbia the river falls some 384 feet. 

Geology. The rocks of Stevens County (Wea- · 
ver, 1920) consist of a thick series of me tam or­
phic and igneous units of indefinite age, some 
sedimentary deposits of Mesozoic and Tertiary 
ages, and horizontally bedded Quater.nary sedi­
ments of glacial and fluviatile origin. All of 
Stevens County has been glaciated and the de­
posits covering the older formations are largely 
moraines, presumably of Wisconsinan age. 

Climate. Location on the western slope of 
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the Coeur d'Alene Mountains gives this region a 
climate with many characteri!tics of the conti­
nental interior and one entirely different from 
that of western Washington only 150 miles dis­
tant. The moderating influences of westerly 
winds from the Pacific is only slightly felt on 
account of the high Cascade Range to the west. 
The climatic data below are from Duyne and 
Ashton (1915) and Climate and Man, Yearbook 
of Agriculture, 1941 ( 1942). 

Average annual precipitation at Colville, el. 
1635 ft. (nearest meteorological Station to the 
study site) is 16.51 inches. About one-third of 
this falls during the winter season. Maximum 
recorded rainfall was 32. 8S inches in 1875; mi­
nimum rainfall was 8. 84 inches in 1873. The 
average annual snowfall at Colville is about 40 
inches. Maximum snowfall was 74.6 inches (no 
year given); minimum snowfall 23.4 inches in 
1901. Snow remains on the ground longer and 
melts more slowly than in the area to the south. 

Average temperature for the coldest month 
(January) at Colville is 24. s-F., for the warm­
est month (July), 69. s- F. The highest recorded 
temperature was 113• F., lowest 31r F., or a 
r.ange of 145• F. Low temperatures are not as 
severely felt as would otherwise be the case due 
to low relative humidity. Even during the warm­
est months the nights are pleasantly cool. Daily 
range in temperature, both summer and winter, 
is much greater than in western Washington. 
Date of the last killing frost in spring averages 
May 10, but has occurred as late as August 24 
at Colville. The first killing frost averages 
October 1, but has occurred as early as August 
24. Upland areas are free from frost longer 
than the lowlands due to drainage of cold air 
into the valleys. The growing season is about 
144 days. 

There is considerable variation in prevailing 
wind direction due to topographic irregularities 
(SW at Colville, but NW at Republic). Torna­
does are unknown and thunderstorms are rare. 

Hydrology. The drainage above Laurier is 
approximately 3, 800 square miles. The North 
Fork is partly regulated by a reservoir at Grand 

Forks, British Columbia. There are numerous 
diversions for domestic use and irrigation. The 
flow is again regulated slightly by the power plant 
at Cascade, and below this station there are small 
diversions for irrigation and domestic use. 

Discharge. According to measurements at 
Laurier, the nearest gaging station to the study 
site, the average discharge (21 years, 1929-
1950) is 2, 696 cfs. Monthly figures for the pe­
riod 1930 to 1960 are available in various U.S. 
Geological Survey Water Supply Papers. Mini­
mum, maximum and annual figures for this pe­
riod are summarized below. These show a month­
ly range between 77 cfs (Jan. 1930) and 18,070 
cfs (May 1957) and an annual range between 1250 
cfs (1930) and 4112 cfs (1948). May and June are 
generally the months of maximum discharge, 
May showing the greatest discharge for 22 of the 
31 years during the period 1930-1960, and June 
showing the grellteSt discharge for 8 of the years 
during the same period. The extreme daily ma­
ximum du'ting the period 1929-1950 was 35,000 
cfs on May 29, 1948. 

Chemical composition. No data are avail­
able for the study site. Analyses from the nearby 
Okanogon River (Van Winkle, 1914) from samples 
collected over the period from March 13, 1910 
to January 16, 1911 inclusive show the following 
means: (parts per million unless otherwise stated) 

Si02 14 HC03 81 
FE 0.02 N03 0.28 
Ca 21 Cl 0.8 
Mg 4.6 Dissolved solids 110 
Na and K 8.5 Turbidity 25 
co3 0.0 Suspended matter 24 

Drainage from the Okanogan highlands is over 
Paleozoic gneisses and schists, with some lime­
stones .md granite. 

REFERENCES ON THE KETTLE RIVER REGION 

DALY, R.A. 1912. GeologyoftheNorth 
American Cordillera at the 49th Parallel. 



NO. 16, DECEMBER 1964 ST ERJCI AN A 29 

Geol. Survey Canada, Mem. 38. 
DUYN£, C. V., and F. W. ASHTON. 1915. 

Soil Survey of Stevens County, Washington. -­
U.s. Bur. Soils, Field Operations 1913, pp. 
2165·2295. 

U+S. Department of Agricultare. 1942. 
Climate and Man, Yearbook of Agriculture, 
1941, p. 1173. 

U. S. Geological Survey. 1955. Compila­
tion of records of surface waterz of the United 
States through September 1950, Part 12. Paci­
fic Slope basins in Washington and upper Colum­
bia River basin. -- U.s. G. s. Water Supply Pa­
per 1316. 

I b i<J. 1964. October 1950 to September 
1960. U.S.G.S., Water Supply Paper 1736. 

Van Winkle, W. V. 1914. Quality of the 
surfacewatersofWashington, --U.S. Geol. 
Suryey, Water Supply Paper 339, p. 59. 

WEAVER , G. E ~ 1920. Mineral Resources 
of Stevens County. --Washington, Geological 
Survey, Bull. 20. 

REFERENCES 

In addition to the papers cited in the text the 
following li•t includes a selected number of refer­
ences on freshwater pearls; pearl fisheries, sys­
tematics and paleontology of the Margaritiferi­
dae. 

AL TNODER, K. 1926. Beobachtungen fiber 
die Biologie von M a r g a r i t a n a m a r g a r i t i­
fer a und llber die Okologie ihres Wohnorts. -­
Arch. Hydrobiol., 17: 423-451. 
. AL VERDES. F. 1918. · Uber die jugendschale 
von Margaritana margaritifera. Mit­
teilungen der Naturforschenden Gesellschaft zu 
Halle, add. s., 5. 

BAKER, H. B. 1956. Review of "Bivalvia," 
by F. Haas. -- Nautilus, 69: 107. 

BARNES, D. W. 1823. On the genera U ni o 
an~ Alasm.odonta; with introductory remarks. 
,--Am. Jour. Sci., 6(2): 258-280, pls. 1-18, 
11•13, Reprinted, wi!h plates, in STERKIANA, 
Nos. 6 and 7, 1962. 

BEAUFORT, L. F. de 1951, Zoogeography 
of the Land and Inland Waters. -- Sidwick and 
Jackson, Ltd., London. 

BLOOMER, H. H. 1927. Mar gari tifera 
margaritifeni. Notes on the variation of 
British and Irish forms. -- Proc. Malac. Soc. 
London, 17: 208-216, pls. xxx-xxxii. 

BLOOMER, H. H. 1928. Margaritifera 
durrouensis, anatomical notes. -- Proc. 
Malac. Soc. London. 18: 74-76. 

BOETTGER, C. R. 1954. Flussperlmuschel 
und Perlenfischerei in der LOoeberger Heide. 
-- Abh. braunschw. Wiss. Ges., 6: 1-40. En­
glish summary. 

BOYCOTT, A. E. 1921a. Ecological notes 
3. M a r g a r it a n a m a r g a r i t i fer a out of 
water. -- Proc. Malac. Soc. London. 14: 130. 

BOYCOTT, A. E. 1921b. Notes on the dis­
tribution of land and freshwater Mollusca from 
the point of view of habitat and climate. -·­
Proc. Malac. Soc. London. 14: 163-167. 

BOYCOTT , A. E. 1925, {;Tolerance of hard 
water by Marga r it i fer a mar gar it if era-,. 
Jour. Conch., 17: 210-211. 

BOYCOTT, A. E. 1927. Ecological notes 7. 
Margaritana margaritifera in hard wa­
ter. -- Proc. Malac. Soc. London. 17: 184. 

BOYCOTT, A. E. 1936. The habitats of 
freshwater Mollusca in Britain. -- Jour. Animal 
Ecol., 5: 116-186. 

BOYCOTT, A. E. and E. B. BOWELL. 1898. 
Woolhope Naturalists' Field Club, Trans., 1898: 
98-99. Not seen, in Jackson, 1925. 

BRANDER, T. 1956. Ober . Dimensionen, 
Gewicht, Volumen und Alter grosswuchsiger eu­
ropllischer Unionaceen. -- Arch. Molluskenk., 
85: 65-68. 

BRANDER, T. 1957. Aktelles fiber die Fluss­
perlmuschel, Margaritana margaritifera 
(L.) in Finnland. --Acta Societatis pro Fauna et 
Flora Fennica, 74 (2}: 1-29. 

CARL, S. 1910. Die Flussperlmuschel und 
ihre Perlen. -- Karlsruhe. Not seen; 'in Ortmann, 

.. 1919. 
CLARKE, A. H., Jr., and C.O. BERG; 1959. 

The Freshwater mussels of central New York. 



30 STERKIANA NO. 16, DECEMBER 1964 

Cornell Univ., Agric. Exp. Sta., N. Y. State 
Coll. Ag,dc., Memoir 367. 

CLARKE, A. H., Jr. and A. M. RICK. 1963. 
Supplementary recc.:ds of Unionacea from Nova 
Scotia with a dilcussion of the identity of A no­
donta fragilh Lamarck. Nat. Mus. Cana­
da, Bull. 199: 13-27. 

COMFORT, A. 1957. The duraticn of life 
in Mollusca. -- Proc. Malac. Soc. Londoo, 
32: 219•241. 

CONNER, C. H. 1909. Supplementary notes 
on the breedinJie~n of the Unionidae. Nauti· 
lus, 22: 111-112. 

DY AK, V • . 1942. Zur Morphologie der Fla· 
ni"fluss-perlmuschel. -- Arch. Hydrobiol. , 39: 
63-69. 

EAGER, R.M.C. 1948. Variation in shape 
of shell with respect to ecologic•l station. (In 
review dealin& with Recent Union,idae and cer­
tain species of the An~aco&iidae in Upper Car· 
boniferous times). -- Proc. ~yal Soc. Edin· 
burgh, aer. 8, 63: 130-148. 

ELLIS, M. C., A. D. Merrick, and M. D. 
Ellis. 1931. The blood of North American 
fresh-water mussels under normal and adverse 
conditions. - • U.s. Bm. Filh. , Bull. , 46: 507-
542. (Doc. 1097). 

FIEDLER, F. 1937. Die &egenwartige ·­
breitung der Fluuperlmuschel, Mar gar i una 
margaritifera L. in Vogtlande. ··Mitt. 
Vogtland Gea. Natur., 3: 53·80. 

FORBES, Edward and Sylvanus Hanley. 1863. 
A Hiltory of Britilh Mollusca, and their shells, 
vol. 2. Loadon. Unio margarltiferus 
L., pp. 146•153. 

GILCHRIST, B. M. 1954. Haemoglobin in 
A rtem i a. -- Proc. Roy. Soc., B., 143: 136· 
146. 

GRIER, N. M. 1920. Vari.ltion in nacreous 
color of certain apeciea of Naiades inhabiting the 
upper Ohio drainage and their corresponding ones 
in Lake Erie. -- Amer. Midi. Nat., 6: 211·243. 

HAAS, F. 1909. Die Verbreitung der Flula· 
perlmuschel in Odenwald. •• Nachr. Bl. Deutsch. 
Malacozool. Gea., 1908. Suppl., 8·16. 

HAAS, F. 1910. On Unlo, Margarita- . 
na, P ae udan od on u and their occurrence 

in the Thames Valley. -- Proc. Malac. Soc. 
London, 9: 106-112. 

HAAS, F. 1931. Bau und Bildung der Per­
len. Akad. Verlagsgetells. N.B.H., Leipzig. 

HAAS, F. 1941a. Recorda of large fresh­
water mustels. Field Mus. Nat. Hilt., Zool. 
Ser., 24 (2) : 259-270. 

HAAS, F. 1941b. Bivalvia, Tell ll, Lief. 
3. Bronn's Klass. u. Ordn. d. Tierreicba., 3: 
467-678. 

HAAS, F. 1948. On Margaritifera 
durrovensis Phillips and its affinities. -­
Jour.Cooch., 23: 6-8. 

HAAS, F. 1955. NatLWal history of pearls. 
Comunicaciones del Institute Tropical de In­
vestigaciones Cientificas de la Univerlidad de 
El Salvador, 4: 113-126. In English, with Spa· 
Dish summary. 

HAAS, F. and W. Wenz. 1914. Unio pa­
chyodon LudwJg=Margaritana auricu­

. laria (Spengler). ·-- Jahrsber. u. Mitt. oberrh. 
geol. Vereines, n. s. , 4 (2}: 88. 

HARMS, W. 1907. Zur Biologie und Ent­
wicklungsgeschichte der Flussperlmuschel. -­
Zool. Anz., 31: 821-822. 

HARMS, W. 1909. Ponembryooale Entwick­
lungsgeschichte der Unioniden. -- Zool. Jabrb., 
28: 325-328. 

HERTEL, R. 1956. Praehiltorischefund von 
M ar g u i ta n a a u r i c u 1 ar i a Spglr. und 
Margaritana margaritifera L.inSach· 
aen. -- Abh. Mus. Tierk. Dresden, 23: 1-7. 

INGRAM, W. J. 1948. The larger freshwater 
clams of California, Ore goa and W aahington. -­
Jour. Ent. and Zool., 40: 72-92. 

· ISRAEL, W. 1910. Beitrage zur Kenntnia der 
Fauna des Weissen Elster. -- Nachr. 81. Deuucb. 
Malakozool. Gel., 1910: 173-181. 

ISRAEL, W. 1913. Biologie der snaawauer-
muscbeln. Stuttgart. . 

JACKSON, J. W. 1925. The diltribution of 
Margaritifera margaritifera intbeBrit· 
lab Illes. -- Jour. Conch., 17: 195-211; 270-278. 

JADIN, V. I. 1939. Contribution to the eco• 
logy of Pearl-shell Mar garl ta'Ji a · m arg ari· 
tifera L. --Bull. Inst. Freshwater Flab., Le­
ningrad, 2: 351-358. (Rilllian, Engliah summary). 



NO. 16, DECEMBER 1964 STERKIAN A 31 

JEFFREYS, J, G. 1862. British Conchology, 
vol. 1. London. Unio margaritiferus 
L., pp. 37~39. 

KENNARD, A. S. 1923, The Holocene non~ 
marine Mollusca of England. -~ Proc. Malac. 
Soc. London, 15: 241~259. 

KENNARD, A. S,, A. E. Salisbury, and B. 
·B. Woodward. 1925. Notes on the British Post~ 
Pliocene Unionidae, with more especial regard 
to the means of iden~fication of fossil fragments. 
-- Proc. Malac. Soc. London, 16: 267-285, pls, 
xii-xxii. 

KERNEY, M.P. 1958. On the occurrence of 
Margaritifera auricularia (Spengler) in 
the English Pleistocene. ~- Jour. Conch. , 24: 250. 

KUNZ, C. F. 1898. The fresh-water pearls: 
and pearl fisheries of the United States. ~~ U.S. 
Fish Comm. Bull. for 1897, art. 9, pp. 373-426. 

McKEAN, K. 1882-83. Proc. Croydon Micr. 
and Nat. Hist. Club, p. 143. (Not seen, in 
Jackson, 1925). 

MODEL, H. 1957. Die fossilen Najaden 
Nordamerikas. -- Arch. Moll., 86: 183~200. 

MORRISON, J,P.E. 1955. Family relation­
ships of the North American fresh water mussels. 
-- Amer. Malac. Union, Ann. Rept., 1955: 
16~17. 

MURPHY, G. 1942. Relationship of the 
fresh-water mussel to trout in the Truckee River. 
--Calif. Fish and Game, 28: 89~102. 

OKADA, Y. , and K. Koba. 1933. Notes on 
the distribution of the freshwater pearl mussel 
Margaritifera margaritifera inJapan. 
-~ Proc. Imperial Acad., 9 (7): 337-339. In 
English, 

ORTMANN, A. E. 1911. Monograph of the 
Najades of Pennsylvania. Pam I, II. -- Memoirs 
Carnegie Mus., 4 (6): 279-347. 

ORTMANN, A. E. 1919. Ibid., Part III. -­
Memoirs Carnegie Mus., 8 (1): 2-6. 

PENNAK, R. W. 1953. Fresh-water Inver· 
tebrates of the United States, -~ Ronald Press, 
New York. Chapter 37, Pelecypoda, pp. 694-
726, by Henry van der Schalie. 

PETRBOK,J. 1935. Margaritifera mar­
g a ri t if era . L. dans la pr6histoire de la Boheme. 
--Jour. de Conch., 79: 152-154. 

PHILLIPS, R.A. 1928. OnMargaritife­
ra durrovensis, a new species of pearl mus­
sel from Ireland. -- Proc. Malac. Soc. London, 
18: 69-74. 

_PROSSER, C. L., and F. A. Brown, Jr. 1961. 
Comparative Animal Physiology. -~ 2d ed., W. 
B. Saunders Co., Philadelphia, pp. 72-74. 

REDDING, R. 1693. (Account of British 
freshwater pearl mussel fisheries). -- Phil. 
Trans. Royal Soc., 18: 659-663. Not seen, in 
Forbes and Hanley, 1853. 

ROSCOE, E. J, 1963. Some Goniobases in 
Western United States. -~Nautilus 77: 43~47, 
pl. 4, figs. 5~8. 

RUBBEL, von A. 1911. Uber Perlen und Perl­
bildung bei M argari tan a mar gari tifer a. 
-- Zool. Jahrb. (Anat. Abl.), .32: 287~366, pls. 
17, 18; 60 text figs. 

RUBBEL, von A. 1913. Beobachtungen Uber 
das Wachstum von Mar gari tan a m argar i ~ 
tifera.-- Zool. Anz., 41: 156~162. 

SALDAU, M. P. 1939. Rate of growth of 
commercially valuable mollusks in the Europe­
an part of U. S. S. R. in relation to ecologic con­
ditions. ~- Bull. Inst, Freshw. Fish., Leningrad, 
22: 244-269. 

SCHARFF, R. F. 1907 . European Animals. 
-- Archibald Constable & Co., London. 

SCHARFF, R. F. 1911. Distribution and Ori· 
gin of Life in America. -- Archibald Constable 
& Co. , London. 

SCHIERHOLZ, C. 1888. Ueber entwicklung 
der Unioniden. -- Denks. K. Acad. Wiss. Math.­
naturw. Classe, 55: 183-214. Not seen, in Jack­
son, 1925. 

SIMPSON, C. T. 1899, The pearly freshwater 
mussels of the United States. ~-U.S. Fish. Comm. 
Bull. for 1898: 27g·288. 

SIMPSON, C. T. 1914. Descriptive Catalog 
of the Naiads. Bryant Walker, Detroit, Mich., 
1540 pp. 

STANSBERY, D.H. andU. Soehngen. 1964. 
Translation of Hans Modell's "The NatUfal Sys­
tem of the Naiades." STERKIANA 14: 1-18. 

STEARNS, R.E.C. 1907, On the composi­
tion and decomposition of fresh water mussel 
shells with notes and queries. Proc. Bioi. Soc. 
Wash., 20: 617~70. 



32 STERKI AN A NO. 16, DECEMBER 1964 

SURBER, T. 1912. Identification of the glo­
chidia of freshwater mussels. --U.S. Bur. Fish •• 
Doc. 771. 

SURBER, T. 1915. Identification of the glo­
chidia of fresh-water mussels. -- U.s. Bur. Fish., 
Doc. 813. 

van der SCHALIE, H., and G. C. Robson. 
1963. Article "Bh•alve," Encycl. Britannica, 
1963 ed. 

van der SCHALIE, H., and A. van der Scha­
lie. 1950. The mussels of the Mississippi River. 
-- Amer. Midi. Nat •• 44: 444-446. 

von HESALING, T. 1859. Perlmuscheln und 
ihre Peden. -- Leipzig. Not seen; in Jackson, 
1925. 

WALKER, B. 1910. Distribution of Mar­
garitifera margaritifera inNorthAmer­
ica. Proc. Malac. Soc. London, 9: 126-145, 
pl. ii. 

WARD, H.B. and G. C. Whipple. 1959. 
Freshwater Biology. 2d ed., Chapter 43. Mol­
lusca, by W.J. Clench, pp. 1117-1160. 

WENZ, W. 1944. Unsere Fluss-perlmuscheln 
in _Yergangenheit und Gegenwart. -- Natur wtd 
Yolk, 74: 155-157. 

WILSON,· C. B. 1916. Copepod parasites of 
fresh-water fishes and their economic relations 
to mussel glochidia. -- U.s. Bur. Fish. , Bull. 
34: 331-374. 

WILSON, D. 1830. (On freshwater pearls.) 
--Loudon's Magazine of Nat. Hist., June 1930. 
Not seen, in Forbes and Hanley, 1853, 

MANUSCRIPT RECEIVED NOVEMBER 15, 1964. 
ACCEPTED FOR PUBLICATION NOVEMBER 17 • 
1964. 




