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Distribution and Dispersal Mechanisms of Oxytrema
(= Goniobasis) suturalis Haldeman (Gastropoda:
Pleuroceridae) in the Yeliow River,

Georgia, U. S, AL

K. A. KRIEGER and W/, D. BURBANCK
Department of Biology, Emory University, Atlanta, Georgle 30322

Apsrracr: The distribution of Oxytrema suturalis Haldeman in the
yvellow River drainage of Georgia, U.S.A. was determined, At 10 stations
along the Yellow River, dissolved oxygen, pH, temperature and turhidity
were measured weekly from June 1968 through Jupe 1969. The distribu-
von of O. suturalis appeared to be independent of these parameters.
Field and laboratory experiments indicated that the combined effects of
4n unstable substratum, increased stream velocity and vegetation are of
paramount importance in restricting the distribution: of this species to
choals and rapids. Quadrat samples revealed a highly nommiform disper-
don. Podostemum ceratophylium {riverweed} mats created the opti-
i microhabitat for O, suturalis and appeared (o serve as arcas from
which these snails emigrate to less favorable microhabitats. Positive
rheotaxis and upstream migration were demonstrated on a firm sub-
sratum, and this behavior may be an effective mechanism for the up-
stream dispersal of 0. suturelis. The probability of successful exploita-
tion of new shoals habitats depends on the proximity of the shoals to the

sonerce of migration.

INTRODUCTION

Mermbers of the freshwater prosobranch Family Pleuroceridae are
found on four continents {Morrison, 1954), yet little is known con-
cerning the effects of environment on sheir distribution and abundance.
Dispersal mechanisms which have led to the many disjunct, but often
wmpatric, populations extant today are unknown.

Krecker (10%4) made one of the earliest attempts to explain the
distribution of pleurocerids. Goniobasis livescens were most abundant
i1 Loke Frie where substratum and wave action were optimal, but he
found no smilar correlation with #F and carbon dioxide concentra-
e, Dazo {1965) found a greater abundance of pleurocerids in the
more alkaline streams that he studied.

Oxyirema proxime was found by Foin {1871) to be restricted to
swgregated populations within the headwaters of three rver basing, He
resented evidence “that aggregation and distribution of O. proxima
cre largely functions of the complex factors influencing sufficient rate
of respiration (current and depth} and consequently of the digpersal
ability of populations™

Heoup (1970% suggested that substratum it the most Important
factor influencing the distribution of Pleurocera acuta, with water
depth and current of secondary importance. She measured geveral
physicochemical parameters in the stream, finding a positive correla-
tion hetweer the presence of these spails and high dissolved oxygen,
high alkalinity and lack of siltation,
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By physiographically relating the distribution of postglacial fossi|
shells of Gondobasis sp. and Pleurocera sp. to the present distribution
of these species, Wright (1932) traced the probable routes and rels.
tive rates of their migration into an Indiana river basin, He did not
suggest any mechanisms by which this dispersal took place. Positive
rheotaxis and upstream migration were revealed in field studies of
proxima (Crutchfield, 1966) and P. acuta (Houp, 1970). Severs:
workers {Allee et al., 1950; Malone, 19652, 1965b; and Dundee ¢ of
1967) described probable dispersal mechanisms for various freshwater
snails, but these have almost all involved hermaphroditic pulmonates,
in which isolated individuals can more easily establish new populations
than dicecious forms such as the Pleuroceridae,

Oxytrema (= Goniobasis suturalic Haldeman is abundant and
widely distributed in Georgia Piedmont streams. However, only Nelson
and Scott {1962) have included this genus (identified as G. postelld
in a general study on stream productivity {Walker, 1918: Goodrich
1942). We, therefore, shall attempt to relate its distribution in one of
the Piedmont drainage hasins, Yellow River, to various physicochemi.
cal and geological parameters and discuss possible dispersal mechanisms

based on field and {aboratory studies.

STupy Arka

The Yellow River, which drains 1190 sg km of the Piedmon:
region of Georgla, is one of three major tributaries to the Ocmulgee
arm of the Altamaha River system. The Yellow River arises within
Gwinnett Co. about 30 km NE of Atlanta and flows 116 km to the SE
to converge with the Alcovy and South rivers to form an artificial im-
poundment, Jackson Lake. The upper half of Yellow River drains
a fast-growing metropolitan area which is intruding upon hardwood
ard pine forests and pastures. The lower drainage consists primarily

of forests and farms.

Eleven sampling stations representative of different stream charac
teristics were chosen (Fig. 1), The headwaters of the river, Station I
in Gwinnett Co., follow a smooth course along a narrow channel.
Downstream, extensive shoals and rapids occur for 16 km, and Stations
IT through V' (Gwinnett Co.) were in this area of granitic outcrops
and houlders. Below Station V there is a smooth Sow with only a few
small shoals. Statton VI (DeKalb Co.) was situated just below a
brook which discharged small amounts of fine silt into the river from
nearby granite quarries. At Station VIT {Rockdale Co.}, as much as
1570 ppm of fine silt were recorded until 16 August 1968 from a sand
mine effluent a few ki upstream. For several months thereafter, thick
claylike deposits coated all objects in the streambed as far downstream
as Porterdale in Newton Co. Station VIII was sityated along shoals
belew an impoundment at Milstead (Rockdale Co.}, Station IX above
a second impoundment at Porterdale and Station X 1.5 km down-
stream near the terminus of Cedar Shoals. Only one smalil shoal
occurs between Station X and Jackson Lake. Station XI (Newton
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Co.} was situated in this region along a sandbar 13 km below Station
X Oxytrema was present during this study only at Stations II, 111
IV, V, VIII and X. The aquatic angiosperm, Podostemum cemiojphylj
hem (riverweed), grew as thick mats on boulders and bedrock in all

shoals exgept at Milstead, where heavy siltation apparently prevented
115 growth.
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Some organic and industrial pollution occurred at various poings,
Several small towns emptied treated or raw sewage into the river evey
though at feast two towns took their drinking water from Yellow Rivey.

MaTERIALS aND MuTHODS

From 29 June 1968 to 27 June 1969 physicochemical parameter;
were measured weekly at 10 of the stations on Yellow River. Dissolved
oxygen and pH were measured in the field with portable instrument,
while max-min thermometers recorded weekly water temperatures {or
Stations 1, 111, V and VIII. A Jackson turbidimeter was employed
for field determination of turbidities as low as 25 ppm.

On 22 August 1968 50 snails varying from 2.4-9.4 mm in greates
shell diam were transplanted from Station V to Station VI in a cage
built of aluminum window screen on 2 wooden frame. After 7 months
the cage at Station VI (23 March 1969} and a control cage at Station
V (7 April 196%) were opened and a record made of all snails o
empty shells present.

As a further aid to understanding the distribution of O, suturali:
in Yellow River, snails were placed in a laboratory stream with various
combinations of stream velocity, temperature and substratum, This
stream consisted of a Plexiglas trough measuring 91 x'25 x 11 cm. The
floor of the trough was marked lengthwise on the sides and botton
in j-cm intervals from O to &= 40 cm. At the “upstream” end, water
issued from holes on the underside of a Plexiglas tube, and a removable
section of Plexiglas created a small reservoir of water which over
Howed across and down the runway at a uniform velocity. At the
“downstream” end a glass rod was placed across the trough to prevent
sediment frorm washing into the main reservoir,

Dechlorinated tap water was pumped into the trough from the
reservoir and was maintained at desired temperatures by a Bronwil
Constant Temperature Circulator. By adjusting screw clamps on the
two armos of a Y-joint leading from the circulator, water velocity in
the trough was controlled by shunting different amounts of water
directly back into the reservoir. All experiments were conducted inside
a totally darkened walk-in-type refrigerator.

As the Plexiglas presented an exceptionally smooth surface not
found in the natural habitat, white Scot towel was placed on the floor
of the trough to serve as a stable but rough-textured substratum. The
towelling was replaced after every three runs. For unstable substrata
river sediment from Station III was dried and sifted through U, $
Standard sieves to obtain separate sand sizes of 1.0 mm, 0.71 mm, and
¢.125 mm. Each was spread evenly over the trough bottom sufficientic
deep to prevent crawling snails from contacting the plastic surface
After each run the sand was mixed te disperse any mucus.

Each experiment consisted of six runs using a particular combine
tion of physical parameters. Twelve snails were observed for each
run, and three runs employed large snails (6.4-7.1 mm diam) while
the other three runs employed small mails {2.8-3.4 mm diam). Ind-
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dnals were arranged at “0 em” on the grid with three facing each

Ldeant of the compass to preclude bias of the results due to their

ital erientation. Fach run lasted 30 min, after which the orientation

i longitudinal position of each snail were recorded.

OQuadrat samples were taken near Statiens ITI, V, VIIT and X
iy o modified Surber stream-bottom sampler with a square sampling
e measuring 0.5 m on a side. All vegetation and the upper several
cotmeters of sediment, if any, were removed from the enclosed area,
o) o]l snails weve graded according to greatest shell diameter. Quad-
‘i were taken in 1968 on the following dates: V.1, 1 July; V-2, V-3,

August: Vo4, V-5, V-6, 14 August; V.7, V-8, 24 Avgust; HI-1

. reniah [11-4, 3 September; X-1 through X-4, 5 September; and V-9,

i % November. Quadrats V-1 through V-8 and III-1 through
111 were taken along transects at varying distances due to the unsuit-
iy of the sampler on uneven substrata. The four guadrats near

o X awere selected as sampling areas with probable maximum

Rzsuirs anp Discussion
Distribution.—Quytrema first appeared between Stations T and 11
4 necnrred downstream through most of the region to the termina-
‘1 o the shoals below Station V and in the lower reaches of three
“six major tributaries within this section. Turkey and Watson
which empty into a 0.8 km section of the river above Station
Cueeasionally have exposed bedrock and boulders in the streambeds
witlin about 75 m of the mouth, where there is a sandy sub-
o, On the undersides of the boulders were large numbers of
and medium-sized Oxyirema, but snails were absent from the
s substratum.
Girner Creek, about 0.5 kin below II¥, has a shelving rock base
~+ much of its streambed, which forms a series of cascades and pools
“iandy or rocky bottoms. The final 400 m of this stream is a very
uf unstable sand and gravel substratum with actively eroding
-~ in contrast to Turkey and Watson creeks, no Oxyirema were
1l on or heneath stones upstream or in the final 400 m except on
d logs about 20 m above the mouth.
next two tributaries downstream, Pounds and Jacks creeks
IV and V, have primarily alluvial substrata without Oxy-
A sixth stream empties onto shoals at their termination
¥ Sation V. Immediately above the nmiouth of this small stream
“evsubstratum extends about 63 m upstream succeeded by a small
R A storm conduit at this point completely blocks movement
e However, since Oxytrema occurred on bedrock and boulders
cabove and below the conduit, it is apparent that the population
wpstieam had survived and reproduced for a number of years
- solated situation,
, e Stations V and VIIT two small but dense populations
‘ound in small shoals, In the extensive shoals below the Milstead

i
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dam (VIII) a very sparse population was present during this sy
apparently due to the heavy siltation. The most downstre
tion occurred in the lower portions of Cedar Shoals (X).

Although populations of O, suturalis in Yellow River were limitp,

to well-defined areas, there appeared to be no real relation 1o thy

physicochemical parameters, which are summarized in Table 1 4,

Figure 2. Percent dissolved oxygen (1).0.) was high throughous ¢,
yvear at all stations, and only at Stations L, IT and XTI were saturatio,

below 80% ever recorded.” The t statistic showed highly signifieg,
differences (P < 1) of DO, between all adjacent stations exce,
between IT and IIT and VI and VIE, which were not significant. Oy,
trema occurred in the lower Yellow River only in areas {VIII and X
which tended toward a supersaturated 13.0. level, but in upper Yeloy
River it was found also in areas (11 and IIT) with mean D.O. vitlie

below saturation. Thus, the occurrence of Ouxytrema in areas whey
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Fig., 2-—Temperature ranges, dissolved oxygen, and sH at Station V
measured weekly from June 1968 through June 1969

Tapre 1—Mean physicochemical parameters measured weekly during 1964
1969 at 10 stations along the Yellow River. Asterisks indicate Quptrema popula-
tions present ) . N e
B I I TF VE VI VI VI I X XL
D (me/1} 958 10.19 1048 11.17 10.56 1054 10.91 S84 1040 990
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0.0, approached or exceeced saturation appears to have been only
roincidental with increased aeration caused by a high gradient of the
river,

Hydrogen lon concentrations were related somewhat better to the
arescnee of Qayirema populations than was D.O. These snails were
ssually found where neutral or slightly alkaline conditions prevailed,
tin a few cases, Station I and Garner and Big Haynes crecks, where
amditions were slightly alkaline, no Oxytrema were found. Differences
m pH were highly significant between Stations VII and VIII, VIII
and X, EX and X, TIT and VIIL, V and IX and VIII and X1; and
noificant between Voand VI, V and VIII, and X and XI. The pHs
Jhained in this study tend to agree with the range of 6.9-7.9 reported
fa Nebson and Scott {1962) for a station on the Middle Oconee River
populated by Goniobasis postellii about 60 km E of this study area,
sthough the present study revealed a wider range (6.1-8.4) in areas
ponidated by O. suturalis.

Snee similar temperatures and turbidities were recorded for all
watans, apparently these parameters have litile influence on the dis-
ation of Oxytrema, Mean temperatures were not significantly
different among the stations. Temperatures varied from 0 C in winter
oA Gin sumimer, a wider range than was found i the Middle
Oronce (5.8 to 27.3 C) by Nelson and Scott (1962), but they did not
whe continuous readings as was done in this study.

The available calcium content of Yellow River water was not
seasured, but Cherry {1961) reported 2 hardness below 60 pprn, and
ebon and Scott (1962) reported a bicarbonate alkalinity from 16.15
© 2135 pprin the Middle Oconee. Herrmann (1954) found up to
V0 a0 in analysis of horneblende gneisses, granites and schists
oied within the Yellow River drainage, but calcium becomes avail-
©only upon the slow weathering of these minerals, Sufficient
“monts of ealeium for O. suturalis may be provided through weather-
i and this may then be used by aufwuchs upon whick the snails feed.
“tsmay be another reason why they are limited in their distribution
rimons of extensive boulders and outerops.

CThe ransplantation of Oxytrema within the drainage system pro-
; wdd o further chue that some parameter other than physicochemical
s governs the distribution of this species. After 7 months, 95% of
:-j‘_;tlznls‘ at Station VI were alive compared to 97% of the control

W Sta.tu_m V. Although both cages were full of sand and mucek,
N Fich survival rates indicate that Q. suturalis can live indefinitely
7 ath this type of substratum. The suitability of this type of habitat
T production and establishment of permanent populations was not

v

e

chiments.—Analvsis of variance revealed significant variation in
o, Cmcement of Oxytrema in a laboratory stream at different veloc-
o and highly significant variation in displacernent on different sub-
’ Tilb_ie 2). The rate of upstream migration was greatest at a
"veioaty of 5 o /fsec for hoth large and smalj snails, although the
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substraturn was different for each size snail. At 10 cm/sec considersp,
movement upstream was limited to the large snails on the paper tow,
substratum, while on the sand substrata upstreamn movement in ey
sizes was reduced or downstream displacement was increased. Iy
trast, downstrearn displacement of both sizes of snails was greay -
and most consistent on 1.0 mm sand. Downstream. displacement of 4.
large snatls was least on the paper towel and 4,123 mm sand suhstrar,
while downstream displacement of the small snails was least on pap
towel.

A second experiment compared the displacement of Oxytrema o
7 C and 20 C and at three stream velocities {Table 3). Analysis o
variance revealed a sipnificant difference in displacement between
two temperatures, but no significant differences among the velocite,
There appeared to he little displacement of the small snalls at an

Tamig 2 fean displacement in em of €. sufuralis upstream {+) o
downstream, {~--)in 30 min at 20 C using different combinations of substratun,
velocity and snail size

Substratum
Towel 1.0 mm 0.7] mmm 0.125 mr
_ sand sand sand

Smiall

0 +3.0 (.9 e} 4 +03

velocity 3 +2.6 et 4 +2.9 +13.3

{em/sec) 10 +4.8 —8.4 —{.6 —88

15 #* 3,3 w7 .2
Large

0 +4.9 +2.2 w10 el A

velocity 5 +30.8 —2.8 +2.9 + 44

{em/see) 1 +19.1 —0.3 +0.5 +0.0

15 # —13.4 1.9 +0.0

* Snails washed out of trough

TapLe 3—Mean displacement in em of . sutwralis upstream (+) @
downstream {~—) in 30 min on a paper towel substratum using different ror
binations of velecity, temperature and snajl size

Temperature e 53{-;“(;

Srraall
Joc 0 0.4 LA

velocity
{cm/sec) 5 +1.3 424
1 — 0.4 40

Large
toci 0 +0.4 +45
velocify ) 4
(cm/zec) 3 3.1 +30.8
10 +18.1
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velocity at either 7 G oor 20 C, but the large snails showed a distinet
upstrearn migration at 20 C.

Observations on the orientation of the test snails were inconclusive.
the only definite positive orientation after 30 min occurred with the
farge snails on the paper towel substratum, when only two of 36 snails
were not oriented upstream at 5 cm /sec, and when only five of 36 were
not oriented upstream at 10 cm/sec.

These experiments revealed effects of increased velocities on the
«ability of both the snail and the substratum. Snails of both sizes were
wushed downstream occasionally at the beginning of experiments at
celocitics of 10 and 15 em/sec but never at 5 am/fsec, At the termina-
don of most experiments at all velocities, one or several snails were
wented and crawling downstream. At 15 cm/sec all three of the sand
ubstrata shifted very slowly downstream, and sand was washed from
around and beneath the snails, These results, showing preatest stability
#t the stable artificial substratum and relative instability on the sand
wubstrata, were supported by the quadrat samples which revealed only
¢ e snails on sand substrata in the river channel but many snails on
e rock substratum, Substratum, then, seems to exert a major influence
o1 the distribution of O, suturals.

Iy his Lake Erie study, Krecker (1924} observed that Goniobasis
“reseens was more abundant in still water than In water disturbed by
saves. Tn rough water it oceurred on large stones, while in calm areas
* was found on comparatively small stones, He also noted that waves
wight influence snails by moving the substratum or the snails them.
woves, and he considered movement of the substratum through wave
“len to he g very important f{actor controlling  distribution®

Rrecker, 1924). His observations apply quite well to Yellow River,
withothe wave action of the lake having an effect comparable to
Feam currents. In pools without strong currents, Oxyfrema can be
i on vertical mud banks and on sloping sandy sediments where it

rently fares successfully unti) periods of high water, when the
ks i’md stream banks are scoured and sediment is eroded or de-
rriteg

itrema occurred on rocks and in Podostemum mats in the river

" iviocities much greater than those employed in the Iaboratory but,
= hrecker (1924) explained, these snails undoubtedly had been sub-
il or had subjected themselves, to a gradual increase in stream
Tectty andd so were able to withstand thess stronger currents,

b tonclusion, it seems that substratum alone does not Hmit the
fon of O suturalis to shoals, but that both alluvial substratum
Gt vglocity create an unstable condition to which this species
'1<i\'s}.>te .

ipardon -—Of the 18 quadrats at three stations where O. suturalis
s, all except V-6, V-7, V-8 and X-! were on thick Podoste-
1145 covering bare rocks and gravel in the stream; V-6 had both
um and sand substrata; V-7 and V-8 had entirely a sand sub-
i, being located in the main stream channel; X-1 had a shallow
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sand substratum on bare rock. The quadrats yielded the followin,
total numbers of Oxytrema (1.4 mm diam or larger): V-1, 53; V.2
56: V-3, 467; V-4, 397; V-5, 236; V.6, 7; V-7, 21; V-8, {1; V-9 215
V-10, 745; 111-1, 408; 111-2, 206; I11-3, 129; 1114, 260; X-1, 61; X2
16; X-3, 6; X-4, 37.

There was wide varation in total numbers of individuals taker
from the quadrats within each population, For example, although the
microhabitats of quadrats V-3 and V.5 appeared identical, V-3 pro.
duced twice as many individuals as V-3. However, quadrats V.3
through V-8 formed a transect across the river with the main channei
and strongest currents in the area of quadrats V-6, 7 and 8. Hence, the
disparity between quadrats V-3 and V-3 may reflect a trend toward
less density as the quadrats become deeper and approach the stream
channel. Similarly, quadrat V.10, located only 0.5 m from the stream
hank, vielded more than three times as many snails as quadrat V-9,
located 3.5 m from the edge,

Numbers of snails collected from different populations aiso showed
important differences. The quadrats at Stations [ and V yielded by
far the most individuals, while a gquadrat at Station VIIT yielded no
OQxytrema. However, random collections at Station VIII of the firt
100 snails ohserved within a 2-hr peried in October 1968 produced no
individuals smaller than 7.1 pup in shell diam. Widely dispersed
quadrats at Station X yielded only relatively few Ouxptrema but large
numbers of the operculate Somatogyrus alcoviensis (Krieger, 1972}
Thus, the general area of Statlons IIT and V apparently most neariy
approaches the optimuwm environmental conditions for this species in
Yellow River.

At Station VIII poor conditions for survival and reproduction were
indicated in 1968 and 1969. The only noticeable difference between
Stations V and VTII which might have affected the density of Oxy-
trema was the temporary heavy siltation of the river below Station VI
until mid-August 1968, The absence of snails smaller than 7.1 mm
diam at Station VIIL suggests that reproduction had failed entirely
for one season or more, particularly during the sunymer of 1968. Be-
cause Oxytrema deposits its eges on stones and on the shells of other
snails (Morrison, 1954 ; Bickel, 1968), the heavy siltation during 1963
probably suffocated the eggs and any newly hatched juveniles. By May
1874, however, this population had increased noticeably and juveniles
were present.

In areas of Yellow River such as the Milstead shoals, where cata-
strophic events have almost or completely extinguished large popula-
tions of Oxytrema, tributaries in the immediate vicinity with surviving
populations should be of extreme value in reestablishing the species
in the river, for without these population reserves reestablishment
would be dependent upon the success of other dispersal mechanisms.
No populated tributaries exist arcund the Milstead shoals.

Organic poilution, though present in small amounts at various
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points along the river; is not believed to be res
differences amonyg the populations.

Histograms showing summer size classes ag percentages of the g
sample {Fig. 3) revealed 2 highly nonuniform dispersion of Quyere,.,
by size. With only one exception {IT1-4), all the quadrats at Statig,.
HI and V vielded high proportions of snails smaller than 3.4 ..
which may indicare high productivity in this population.  Quad, .,
V.3, on 7 August 1968, may have been taken during or just after 1),
peak of the egg-laying season, as hundreds of snails smaller than I
mm and many of MICTOSCapic size were obtained from this sample. |
guadrais at Station X, however, a majority of the snails were of the
largest sizes and only a small propertion or none represented gyt
sizes. In contrast to the upper river population, these results mMAay ngs.
cate less favorable environmental conditions for reproduction or T
survival of eggs or juveniles,

Except for quadrats V-9 and V-10, all quadrats at Stations 11T,y
and X possessed very few or no snails in the size range 2.8 to 4.0 Mg
(Fig. 3} which indicates at Jeast twoage groups of O, suiuralis, Dy,
(1965} reported a 3. to 4-year life span for two pleurocerid specie: o
Michigan, with a single egg-laying pertod each year. Histograms (1
3) for quadrats V-9 and V.10, taken in Noveraher 1968, reveal .
increase in the size of the smaller snails, with the largest proportic
aceupying the 2.8-4.0 mm range.

Dispersion and relative density within e
substratum and stream velocity affect th
this species. Podostemum mats cont
other shoals microhabitats, and these dense areas appear to serve o
“population loci” from which the snails migrate to less favorable ares
During periods of low water and refative stability of the river botton),
0. suturalis may emigrate from these loci into temporarily suitahi
microhabitats until the next period of high water, when they ae
washed away or are huried under new silt deposits, The greater densin
of snails in Podostemum mat probably may he partially explained 1«
the fact that this plant usually srows on stones which are permanent
submerged but never silted, Furthermore, stream velocities are redu o
within these mats of vegetation which protect snails from extreme
currents which otherwise might dislodge them. Thus, these plans
oceupy or possibly create the ouly microhabitat which satisfies the
stability requirements of Oxytrema on a vear-round basis. Stones with-
out Pedosternum  almost alwavs are frequently exposed, receive s
torrential current, or are permanently or periodically silted,

Dispersal - The dispersal mechanisms of the freshwater Gastro
poda, many specics of which are wide-ranging or occur in temporar,
or isolated aguatic habitats, have heen g subject of much specalation
Malone {19654) demonstrated possible transport of Lymnaca obruse

and Promenetus exacuous an waterfowl but concluded {1965h) tha
dispersal of Physa anating and 28 masses, juvenil:
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or adults via the intestinal tract of birds is unlikely, Succinea spp. and
Phyeq sp. were found on several species of waterfowl {Dundee et al.,
1957). Allee ef al. (1950) surmised that wind may transport tiny
spatls over considerable distances, and Purchon {1968} recorded the
deposttion of a large number of the freshwater mussel, Anodonta sp.,
e Lind during 2 rainstorm.

"The occasional transport of Oxytrema by birds or wind is a possible
schanism for the successful exploitation of new areas by this species.
iz 1965} reported that the pleurocerid, Goniobasis livescens, mates
durng auntumn but does not lay eggs until spring, The reproductive

of O. suturalis has not yet been determined, but if it is similar to
iroreony, then a single fertilized fernale arriving in a suitable loca-
ot through whatever means, could conceivably give rise to a new
pepaletion, Some unknown mechanism also may operate to transfer
¢ eewe to new locations.
Within single river drainages, the present study suggests two mech-
=t for dispersal: displacement downstream by water currents, and
ion upstream. Recent field studies have revealed migration and
¢ rheotaxis in the pleurccerids, O, proxima (Crutchfield, 1966)
Pleurocera acuta (Houp, 1970). Oxytrema suturalis demonstrated
o characteristics both in the Iaboratory and in the field, where indi-
als near the mouths of small tributaries would be expected to
aw up these streams. Nevertheless, in this study Oxytrema oc-
wed above the mouths of only three tributaries, even though many
s enter the river in populated areas, because only these three
wihinardes possessed 2 bedrock or boulder-fitled streambed within 75 m
el confluence with the river, All the other tributaries had sedi-
tary substrata extending long distances upstream.  As the other
icochernical parameters of the tributaries were very similar to those
* Yellow River, substraturmn appears to be the only factor preventing
- establishment of populations in most of these streams.
A gnod example of the importance of substratum is illustrated by
frrrer Creek, which has shoals and Podostemum but not Oxytrema,
“d which has an unstable substratum in its final 400 m. On a solid
| Mletum this snail conceivably might progress indefinitely upstream
i the viver; but in Garner Creek the extent of upstream migrations
¢ be fimited to the distance that could be traveled between periods
Sttwater: when the sandy hottom is relatively stable. At a maxi-
,rate of 43 em/30 min ohserved in the laboratory, or 21 m/day,

Wiralis must travel directly upstream for 19 days to reach the
“omee shoals 460 mabove the mouth of Garner Creek. A depth
e Station ITT, just upstream, indicated over 40 days without an

Tl dtream flow, However, the probability of a snail reaching
* over even a longer period seems extremely remote due to
bles as feeding and eddy currents. Moreover, the chance that
¢ umbers would reach these shoals to establish and maintain
fon seemns minute indeed.

arly, Big Haynes Creek, the largest Yellow River fributary,
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seems highly suited for O. suturalis, but swamps in the lowser | Seran, I
of this stream apparently have provided an effective barrier with, . + ik
the successful operation of other dispersal mechanisms, 396-41
s HON, R.
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