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Distribution, Age Structure, and Movements of the Freshwater
Mussel Elliptio complanata (Moilusca: Unionidae)
in a Headwater Stream

David L. Baifour® and Leonard A. Smock®
Department of Biology
Yirginia Commonweaith University
Richmond, Virginia 23284-2012, USA

The distribuction, ageé structurs. and movements of ch
unionid mussel Elliptio complanata gntioct) were soudl
in & first-order stream in Virginia, USA. Mean density o
the mussel in this low-gradient, sand-borcomed STream was
individuals/m® and bicmass was 3.4 g dry mass/m’. Ancur
£ the population had a shell length of 6-3 om, or age
4-5 years. Only 11% of the populaticon was less than four
ars old; the age of ths oldese individuals sncountared wag
nly eight vears. Distribution of the mussels was highlivy
clumped, bun no physical, chemical, or hydrologic factowrs
2xamined were significancly corralated with nusgel
abundancs. all young mussals (age < thrse years) wers
burrowsd into the sediment, whereas clder individuals
cecurred both below and ar the sediment surface, depending
on time of year. About 3%0% of the pepulation was burrowed
below the surface during che wincer, buc a high of 80% =7
the mussels moved o the suritace in March and April, ths
time of peak reproductive activity. Tagoed mussels moved
average of 2.9 m during one vear. Although the directicn
those movements was 2rravic, the overall movement of the
population was a net 27 eom downstream, indicating no
lirected upstream movement to compensats for downstream
isplacement during storms.
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INTRODUCTICON
The unionid mussel Eiliptio complanata {Lightfook) ig

widespraad and abundant in rhe lotic and lentic systems af
nest —f Nerth A . Becsuse ©f its size and abundance,
thls species mav comprises a largze proporzion of the
invertebrate bicmass in lakes or streams {Amyot and Dewning
1E31G . Many studles nave Jocused on the gecgraphic
distribution, life historv, and ecslogical impertancs of §
complanata (Clarke 1981, Straysr at al. 1281, Ayers 1984,
ZOwn: 3 1583} . However, several facets of the
2cclogy of this mussel are scill unrescived, particularly
Zor povulations in small streams.

! A primary guestion concsrns the factors affecting the
distribution of individuals within a stream {Amyot and
Sowning 19891) . The distributicn of reproductively maturs =
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METECDS AND MATEZRIALS

The studvy was conductad from Bugust 1993 to Augus:s 199
in Buzzards Branch, a first-order blackwater stream Located
3

in Surry County, in southeascexrn Vwrginia The scream i
part of the Blackwater River drainage in che Ccastal Plain
physicgraphic province. Stream gradient at the study sice
is law (0.1%}), ressulting in a sediment primarily of sand
However, the stream also includes reaches of sand-silt in
the lower gection of the stream and embedded gravel in the

upper secticns. The sediment typically extends 15-40 cm
down to underiying clay {(Strommer and Smcck 1989} . Annual
mean discharge cover seven vears was 0.04-0.08 mi/s. De;ails
concerning organic mattsr storage and macrolnvertebra
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Movements

production in Buzzards Brancn are publighed” elsawnere
{(Metzler and Smock 13%0, Smock 13%0, Smock et al., 199%2).
Sampling was conductac over a 950-m stretch of strsam
that was divided into four ssctions based on the prademinant
sediment particle size: silt/sand, sand, sand/qraveT
gravel. The lengths of the secticns, which graded into one
another moving upstream, were silc/sand=175 m; sand=3%0 m;
sand/gravel=37% m; and gravel=150 m. An estimate of mussel
abundance was made in =2ach section to provide an estimata of
overall abundance in the stream. Replicate plots I m in
length and axtsnding across the wetted stream channel were

zamplad in each of the four sections {nsana/S"wfzo

N - - Ll o7 N -
byl = 3 ™ = -
Q5apd iz, Dsand/gravel™ 27, 3gra 20) Approximately 30% of
aach secticn, cf a total of O m? of the stream, was

sampled during August 139%4 using a hard-pronged rake £o
remove tChe sediment and expose mussels down to a depth of
about 8 cm. Abundance within each sadiment section was
expressed as the number of mussels per streambed arsa.
These numbers were weighted according to the proportion cf
cthe total stresambed area that sach sediment section
comprised and summed to give an estimate of the overall
abundance cf Z. complanaca in the stream. A Kruskal-Wallis
analysis of wariance was used o determine if abundancs
differed amcng the four sections.

Mussels were collected in August 19%4 to decarmine
biliomass, Biomass of mussels per unit streambed arza was
decermined by estimacing the bicmass of individuals using a
ragression equation relating size to TASS . The ragression
agquation was develeoped from 57 individuals whose shell

lengThs ware measured wizh calipers and the soft tissue
izd at 60°C and weighed. The mussels rangsd in length
sm 2.2 om to 10.4 cm, encompassing the size range of
ggels collectad in the stresam.

The shells of the mussels used for the bicmass 2stimats
were aged using the modifisd method of Neves and Moyer
{1588) . The r:ght valves of 38 shells were secticned using
a variable-spesd dremel tocl. Valves wers polished using a
vertical belt sander with 120 and 320 grit sizes. A thin
gection of the shell was then sliced and glued to a glass
slide using thermoplastic cement. The exposed side of the
section was j&;lshed and viewed under a sterecscope. Ages
ware determined by counting internal annuli (Negus 1%68&) .
Pseudocannull were easily identified and so were not included
in the age sstimats. The softwars package FISHPARM™
{Prager et al. 1%89) was used to determine age-growth

b
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parameters based on the length and age data. The ags

structura of the population was then 2stimated using the
generated parameters and the von RBertalanffy asymptotic
growth ecquation, which provides the best medel for
estcimating growth of freshwater mussels (Moysr 1584)
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where L, = shell length at cime ¢
L, theoretical maximum shell length
] = growth constant
T, = Dypotheticdl age whan shell Tengch = C
t = age of the mussel.

The vertical distribution of mussels in the sediment
wag detcermined menthly at 15 1-m* plots randomly locatsd in
the stream. A hard-pronged rake was used Lo remove layers
»f sediment in each plet until z mussel was exposed. The
depth from the original top of the streambed down to the
mussel was recorded. Raking centinued down to near the
underlving clay. It was assumed no mussels burrowed inco
the clay. All mussels were measured and returned to Lhe
The mussels were pocled into nine length

0

sadiment .

categories and a Mann-Whitney U tesc was uged to determine
whether the depth distribution of the mussels {which rangesd
from G-10 cm) varied significantly with mussel length. &

Mann-Whitney U rest was alsc used to determine if

significant differences in depth distribution existed

time of year.
A variety of physical, chemical, and aydrologic

parameters wers measured to characterize the stream

anvironment and to determine Lf relaticnships existed

between those variables and the distributicn and numper of
aussals on the sediment gurface. Sampling was conductad at
76 plers located svery 12.5 m along the $50-m stretch oI th
stream. BZach plot consisted of a 1-w guadrat located ac
midochannel. The number cf mussels on the suriace and the
anvironmental characteristics were determined every other

month at each plot.
as rthe mean of thrse measursmants at 2ach plot. i
the sediment surisoce with a Marsh-McBirm
Channel width was determined as wid
Conductivicy and pH were monitor

Lr i

was aeasured at
impulse flow metear.
of the wetted channel.
because localized ground water lnputs caused thess VAri
ro flustuyate cover the length of the study site.
mean watsr tamperature in the stream was determined using a
Hydrolab Datasonde continucus recorder.

Sediment particle size was characterized ac every other
e (n=38) bv collecting sediments with a polyethylene

ar [inner diameter=4.2 cm), alr drying the sediments and
sing the sample through a series of sisves (16 mm, 1 mm,
mm, 9.25 mm, 0.15% mm, 0.053 mm}. The percentags
position by mass of each size fracticn was then
lculated. The median phi value, calculated following
cumming (1962}, was used to describe the overall partic
gtze distribution of the sediment in the plots. Organ

collectad frem each plot. Sediments wers oven dri
ffle furnace for £

50°C, weighed, combusted in a muffle
aC 550°C, and re-weighed.
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The age
=d using Ihe

asymptotic
al for
@y 19847} :
gth
.ength = 0

1 the sediment

A Spearman rank o

crralation analvsis was used to
cdersrmine whetler a siznificant relaticnship existed between
mussel abundance and =zach chysical, chemical, and
ntydrological parametsexr Regression analvsis was used to
determine if there was a relationship between the percencags
cf mussels CCouUrring at the sediment surface and the averags
=

water temperature for the five days prior to sampling.

The movements of mussels wers followed by permanantly
marking mussels and determining the distance mszch moved over é@
one year. Mussels wera nmarked following Amyor and Downing‘s
{1391) use of Devcon™ Wet Surface Repair Putty to glus
numbered Dymo™ plastcic labels to the mussels. ALl mussels
found within the 76 1-4# plots in August-September 1993 wers
tagged (n=160), measursd, and placed back in their original
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positions in-the sediment - Tha exactlocarion of &ady

mussel within a plot was decermined by subdividing the
quadrat into 100 10x10 cm subquadrats. During sach
subsequent month a search was conducted Lo locate the marked
mussals and determine the distance from their previous
locarion.

After cone year, the sntirs $50-m study section of the
strzam was raked to lecate zs many of the marked mussels as
posgible.  The tetal distance traveled by =zach mussel over
the year was calculated as the sum of the straight-line
distancess travellsad during sach time period. The net
upstream or downstream distance traveled was determined as
the discance between zach mussel's firss and last observed
location.
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The distribucicn of E.
was apparsntly clumped.
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19%4,
20%

55%

RESULTS

Of

of the cbserved mussels (Fig. 1)
of mussels during the study was 28

Y

3

complanata in Buzza
the 76 plots sampled in August
complanata and about 20% contained
The maxigum densicy
individuals/m?®.
density throughout the stream was 2.5 individuals/m?,

3428 rmussels over the 3%0-m-long study area.

and shell ]
2) . The shell length-body mass

-

rds RBranch

@

Mean

cr
There was a strong relationship between mussel biomass
aqe and shell length

(Fig.
for this mussel

K=0.2137, and ¢
complanata poou?at on was:
o= (ln{(12. SV /12.18)/-0.2137) + 0.375% r*=0.89
2 2
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Fruure Length-niuss ana length-age refationsips for £ commplanata.
About 90% of =he population had a shell length of 5-9
cm {Fig. 33, orresscrdlng Lo an approximate age of 4-5
vears. QOvear $0% of the biomass was alse found in che 5-3 com
length categeries (Fiy. 3. The oldest individusal
sncountered was a2ight years old. The bicmass atiributaple

ln(mass)

lengrh and between mussgel

populacion was:

~5.056 + 3.156(In(length)}

The von Bextalanffy
solve for age and using the parameter estimates L =12.
=0.375% derived from a subsat of

g”OWtﬂ ecuaglon,

0 these mussels 1in

of
of

Mussel length varied significancly with depth of hur*ﬁw_“g
{Mann-Whitney U test, p<(.05}. Whereas no small mussels
{< 5 cm in lqutn, age < three vears) were found at the
sediment surface, large musgsels wers present throughout the
sediment {(Fig. 41.

The percentage of mussels on the surface varied through
the seascns [(Fig. S). At least 9%0% of the population
cccurred below the surface during December and January when

10 cm

Mussels bu
(Fig.
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zzards Branch
plaed in Rugust
sut 20% contained
waximum densicy
i1s/m*.  Mean
duals/m*, or

shell 1
jsion sgquat

water temperature was below 7°C. r
pepulation, however, moved to the surface in February ag

nalf of wh
n

watar temperature warmed. The highest preportcion of the
population (30%) was at the surface during March and April;
a small porticn of the population apparsntly moved back down
into rche sediment during tfhe warmer summey months. Once
burrowed into the sediment, however, tThe mussels showed no
tendency to move deeper or shallcower with changing season

(Mann-Whitney U test, p>0.0%).
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igure 3. Density and biomass of £, complanaia by shell length.
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Annual mean values of the physical, chemical and
bydrcoclogic parameters measured in Buzzards Branch over the
year ars provided in Tabkle 1. No parameter was strongly
correlated wich the surface abundance of mussels. The
highest coefiicient of determination {(r?} was only -0.24 for
cthe percent occurrence of 0.053-0.15 mm sadiment particles.
The August 1594 sampling that focused on detsrmining the
potential effsct of sediment particle size on mussel
abundance showed a mean density in the sand/silt area o

3
un

mussels/m* comparad to 3.2-2.3 individuals/m? in the othe

-
chrese sediment areas {(Fig. 6}. A Kruskal-Wallis analvsis cf
varilance, hcowever, found no significant differsncs in mussel

apundance amcng the different sediments.

The movements of 84 tagged mussels were successfully
lowed throughout the year. Mussels moved an average
tance of 2.% m during the study. Movements were arvaric,

mussel’s patin often crossing back upon itself as it moved
hort distances both longitudinally and laterally within the
annsl (Fig. 7). Significantly more tagged mussels moved
wistream than moved upstrsam over the yvear (Chi-Sguars
p<9.0%) . The mean net distcance travelad by all of the
ed mussels was 27 cm downstrazam. The tcotal and net
es travelled include the movements of three musssls
r out-distanced the others. Two individuals moved a
5 mand 25.5 m upstream, and a third moved 46.2 m
gam. No other mussels moved more than § m total over
r {Fig. 8}.
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Elliprio complanata contributed a large proportion of
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“dndividuals/mt and-a-biomass-cf 3.4-gfmie When added to the -

the invertebratn bicmass within Buzzards Branch. Tocai
invarcebrats biomass in this stream was reportaed as 1.3 g
dry mass/m® by Smock et al. (1392}, 0.3 g/m® of that total
being attributed to E. complanaca. Smock et al., (13933
2stimated E. complanata density at 0.3 individuals/m?®, buc
that study did not adequately gquantify mussel abundancs
pecause of their patchy distribution in ths stream and the
small area of the sampling device. The present study, based
cn sampling a greater area of the stream, found 2.8

biomass of the other invertebrates (SMOCK at al. 19982,
cmplanata comprised about 68% of the total invertvebrare
Diomass.
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Figure 4. DemhdmmbumnolEfompMnmauuxmm'Oﬁmﬂwnwh Distance wos
measured irom the sediment surfuce o the middle of each shell: each shell
actually extended deeper into the sediment.

This percentage is not ext aorc_narlwy aigh comuaved Lo
Thart rapo;:cﬂ for unicnids in other studiss.  Ckland (1983
and Mann {18%64), for examplie, ‘ound unionids may comprise up
Zo 90% of the be 1chic macrofauna biomass in lakes and
streamg, Alsc, the density of E. complanaca in Buzzards
3ranch was not particularly high comparsd to that in ocher
agquatic sysnems (Kat 1982, Amyot and Downing 18%1), whare
densities 10-30 times higher than in Buzzards Branch suggest
that mussels dominate the benthic macrofaunal biomass of
chose gvstams.

Although comprising a high propeortion of the biomass,

complanata contributed conly a small fraction of the

annual invertebrate production in the stream. Strayer at
al. (1981) reported a mean producticn to bicomass (2/B) ratio
of about 0.1% for several northern popuilations of this
mussel. Using this value, which may be conservative given
the warmer waters of Buzzards Branch, the estimatad annual
production cf the Buzzards Branch poquat on is 0.5 g/mi.
Since production by the remainder of the invertebrate

commuanity in Buzzards Branch was 15.8 g/m’ {Smock =t al.

1r]

1332}, E. complanata probably contributed less than 3% of Tigure o

the tetal invertebrats production.
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FLOW

Figure 7. Plots of the movements on the streambed of four £. complanara over one vear,
The mevements shown are typical of those of most tracked individuals,

20 CM

raported for cther unionid mussels (Magnin and Stanczvkowska
L37L, Strayer et al. 1981). OCther studies have shown young
individuals comprise a small proportion of E. complanata
populations (Lewandoskil and Stanczykowska 1375, Green 1980).
This could arise from inadequate sampling of the subsurface
sediments to which young mussels migrate. This sutudy,
however, showed that young mussels were rars 2ven when the
sntire habitable sediment column was sampliled. Young mussels
in Buzzards 3ranch and slsewhere {(Straver =t al. 1381
cherefors apparently concribute little to gtream biomass.
The maximum age of individuals in the populaticn {8
yvears! was considerably less than that reported for other
vopulazions. Individuals in northern lakes attain ages
ranging from 13-30 years {Magnin and Stanczykowska 1571,
Kegler and Bailey 199%3), and several species of unionids
have lifstimes that extend over a century {McMahon 1991 .
An E. complanata population in the nearby Pamunkey River
contained individuals that had reached a maximum age of 17
yvears {Ayers 19384}. It is unkncown 1f£ eight years is the
potential maximum age of the mussals in Buzzards RAranch or
1f indiwviduals will continue to grow older. A short-life
span may be a function of mussel mortality due co shell
arcsion. ExXtensive erosicon was observed on many of th
shells, the rate of which is probably snhanced oy the
pracdominately sand substrate found in Buzzards Branch.

The age structure of the population was similar £z that
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None of the phvsxcaW chemical, or hydrologic
parameters examined in this study was highly correlared with
mussel abundance. Other invest igators (Horme and McIntosh
1372, Huehner 1987, $traver and Ralley 12%3) havs noted the

difficulty in dete*mlnlﬂg factors affecting mussel
distribution within st*ﬁams and lakes. Although sediment
particle size affects abundancs of TMENY aquatic
invertebrates (Minshall L984) E. complanata abundance wWasg
act related to this factor, thus supperting Clarke’'s (1981)
description of this mussel as a habitat gene?alisb. The
anca*ently clumped distribution of this sSpecias appears to
be the result of as ves un_aentlflad factors.

Not only did the mussals agpear to have 3 clumped
ribution longlhﬂaﬁna”‘y along tne channel, but their
ribution pattern also showed a distinct vertical
onent. Burrowing ints the sediment may be a behaviosral
acapt tion to decrease 2xposure to disturbances such as
shell abrasion and downstream dislocacs on during spates or
to predation. The extent of movement by mussels betwesn thea
surface and subsurface sediments was influenced by the age
of the mussels and tlme of vear. Young mussels, which are i
MCSC susceptible to disturtances, occurrad exclusively in ¥
the subsurface sediments and remained there until about
three years of age (five cm shell lengthl. Aftar reaching
age three, most mussels d’solayed seasonal movements to and

rom the sediment surface, similar -o the obsevrvations of
Amyot and Deowning (1881
The percent of ﬂusseTs on tie sediment surface varied
gre at1y over the year. Mussels displayed vertical movement
with changing seascns, similar to th findings of Amyet and

'd 1
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Cowning’s (189%1) study of a lake-dwelling E. complanata
population. Movement of the majerity of clder mussels to
the surface during the spring corresponded to the pericd of
reproductive activity in this gecgraphic arsa, glochidia
being released to the water column from March =o mid-May
(Ayers 1984} . Reproductively active individusals would have
£SO be at or near the surface for rhe successful release of
glochidia. Beginning in May, an increasing proportion of
the populavisn moved back {HEE the sedimett UR=11 Ehe wintar
months when nearly all individuals were buried. Burial ac
this time would be advantagsous because the winter i the
pericd of highest discharge and thersfore the rime of
greatest likelihood for a mussel to be swept downstream or
subjected to high shell erosion rates.

in addition to their vertical movements, che mussals
moved longitudinally both up and downstream. The nearly 3 m
of longitudinal movemenc over the year appeared erratic in
direction, although the net direction of movemant was
slightly downstream. The net downstream movemant by adult
E. complanata was probably a result of passive displacemant
during high flow rather than being due o active, diracre

Cilva,

movement. The few individuals thac moved long distancss
{€.g9. 12-47 m) may have bean transported durinc spates or,
especially for those that moved upstream, may nave been
carried by raccoons in aborted attempts at predacion.
Alchough the mussals presumably depend on the glochidial

stage and fish hosts for the majority of their upstrsam
recclonization, long distance movements by onlvy a faw
reproductively active adulis could also contribuce Lo
raeolonization of upstream areas.

Although considered sessile organisms, E.
showed zoth vertizal and horizoncas movements within the
streambed. The vertical movements suggest z migration of the
crganisms in response So changing season and a zesitioning
of the individuals avvording to age. This migration has
implicaticns for the accuracy of studiss designad to
determine musssl abundance and for £h

complanaca

< tae mussels’ availabiliiscy
as prey. The longitudinal movements Suggest Tihiac the
mussels are capable of afizcting their distribution within a
strzam. The movements however, ars erratiec in direction and
tae mussels do QoT appear drawn to an area basaed snoany
known factors. Further studies are warranted oo clarily tha
causes of the clumped distriburion demonstrated by E.
complanarcsa,

Table 1. Physical, chemical, and hydrologic data for Buzzards

Branch. Values are annual means from monthly sampling from August
1993 to August 1994 at 76 gites along the stresam.

Mean water temp. 14.7 °C Mean depth 0.15 m
Mean pH 6.78 Mean width (wetted channel) 1.9 m
Mean flow 8.8 cm/s Mean conductivicy 126 pS/cm
Mean discharge 0.04 m'/s Mean organic matter content 1.5 %
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