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The importance of microhabitat factors and
habitat stability to the threatened Louisiana pearl
shell, Margaritifera hembeli (Conrad)

Paul . Johnson and Kenneth M. Brown

Abstract: Murgaritifera hembeli, the Louisiana pear! shell, is a threatened mussel with a distribution limited to the
headwaters of three tributaries of the Red River in central Louisiana, U.S.A. We assessed the role that several hahitat
characters played in determining its abundance and distribution. Pear? shell mussels were more common in second-
order streams with elevated conductivity (=0.04 mS/cm) and water hardness (8 mg/L). A discriminant analysis indicated
that mussel density was related to water depth, substrate size, substrate compaction, and water velocity. Mussels were
rare in deep, stagnant pools with silt-covered bottoms, and were more common in shallow, wide areas of streams with
higher current velocities and in sediments with farger particle sizes. Mussel beds were also more likely to occur in sec-
tions of the stream where the substrate was more stable through time. These habitat associations may oceur because in-
dividuals that recruit into, or later select, more stable micrcohabitals, have an advantage owing to the relatively long life
cycle of this mussel. We suggest that the measurement of microhabitat characteristics can be importani when evaluating
habitat preferences and management plans for endangered mussel species in headwater streams.

Résmmé : Margaritifera hembeli est une moule menacée dont ia répartition est restreinte aux eaux d’amont de trois
tributaires de la Riviere Rouge dans le centre de la Louisiane, E.-U, Nous avons évalué I'influence de piusieurs carac-
éristiques de "habitat sur son abondance et sa répartition. Ces moules sont plus communes dans les eaux des rojs-
seaux de second ordre & conductivité (=0,04 mS/cm) et & dureté (8 mg/L} élevées. Une analyse discriminante a révéls
que la densité des moules est reliée a la profondeur de "eau, & la taille des éléments du substrat, & la compaction du
substral el 4 la vitesse du courant. Les moules sont rares dans les cuvettes d’eau stagnante i substrat couvert de limon
et elles préférent les eaux peu profondes dans les zones larges des ruisseaux oil Ie courant est fort et oi les sédiments
contiennent des grosses particules. Les lits de moules se retrouvent aussi plus souvent dans les sections du ruisseau ol
le substrat est stable. Ces associalions moules-habitat existent probablement parce que les individus qui s°établissent
dans des microhabitats stzbles & leur naissance ou plus tard ont un avantage étant donné le cycle plutit long de celte
moule. Nous croyons que 1'examen des caractéristiques du microbabitat est essentiel & Iévaluation des préférences
d’habitat et & I"élaboration de programines d’aménagement des espéces de moules menacées dans Jes ruisseaux
d’amont.

[Traduit par la Rédaction)

introduction (Bronmark and Malmaquist 1982; Stern 1983; Strayer 1993).
For the most part, macrohabitat variables (e.g., those operat-
ing over the scale of kilometres versus metres) appear more
important in predicting mussel diversity and abundance in

The relationships of freshwater mussel abundance and
diversity to various habiial [lactors have been  examined
extensively because of the endangered status of the group larger rivers (Holland-Bartels 1990; Strayer 1993; Strayer et
{(Williams et al. 1992; Neves et al. 1998). These factors al. 1994: Di Maio and Corkum 1995; Morris and Corkum
include macrohabitat variables, such as degree of riparian 1996).
cover {Morris and Corkum 1996), hydrological variability
(Vannote and Minshall 1982; Di Mato and Corkum 1995;
Layzer and Madison 1995), and drainage area and gradient
{(Strayer 19933, as well as microhabitat variables, such as
current velocity, sediment size (Salmon and Green 1983;
Way et al. 1989; Strayer and Ralley 1993), and water depth

In small drainages, microhabitat factors, such as sediment
size, current velocity, and channel depth, can be important
predictors of mussel distribution (Strayer 1981; Neves and
Widlak 1987; Layzer and Madison 1995), but relationships
can be complicated and correlations with mussel abundance
or diversity can be low (Tevesz and McCall 1979; Strayer
and Ralley 1993; Balfour and Smock 1995). However, in
these small systems, macrohabitat variables may not vary
considerably and microhabitat variables may be the only
D, Johnson, Southeast Aquatic Research Institute and option available to evaluate habitat preference.
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Fig. 1. Map of the Bayou Rigoletie, Bayou Rapides, and Bayou Bouef drainages in central Louisiana containing M. hembeli. Sireams
sampled are in boldface type and italic font. The inset of Louisiana indicates the location of the drainages in Grant Parish and Rapides
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and southern Alaska (Clarke 1981}, Margaritifera marrianae,
the Alabama pearl shell, has a distribution limited to Escambia,
Conecuh, and Monroe counties in Alabama (Shelton 1997).
Each of these species, with the exception of M. falcaia (Vannote
and Minshall 1982), is restricted to small headwater systems.

Margaritifera hembeli is limited to 22 small headwater
streams in central Louisiana, and iis host fish is the brown
madtom, Nofurus phaeus (Johnson and Brown 1998). Margariti-
Jfera hembeli was separated from its congener Margaritifera
marrianae in 1983 based upon internal anatomical differ-
ences (Johnson §983). As a consequence, the known distri-

bution of M. hembeli was himited to 10 streams south of the
Red River, inside the Kisatchie National Forest in Rapides
Parish in central Louisiana (Fig. 1). The revised distribution
prompted the U.S. Fish and Wildlife Service to list the spe-
cies as endangered in 1988. After we located the mussel in
12 additional streams in the Bayou Rigolette drainage, north
of the Red River, in Grant Parish, Louisiana (Fig. 1), the sta-
tus was revised (o threatened in 1994,

In this study, we examine the relatzonship between micro-
habitat variables and the distribution of the threatened
Louisiana pearl shell mussel. Our basic approach involves
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collecting quantitative data on habitat characters important
for mussels in small streams (Salmon and Green 1985;
Strayer 1993; Vaughn and Pyron 1995) and using a multi-
variate statistical technique, discriminant analysis, 1o judge
their power in predicting mussel abundance in several of
these streams.

Study area

Margaritifera hembeli is restricted to small second- and third-
order streams in Grant Parish and Rapides Parish, Louisiana. These
streams drain into- two Red River tributaries (Bayou Rapides and
Bayou Rigolette} and one historical tributary of the Red River
(Bayou Bouef) (Fig. 1). Margaritifera hembeli is restricted to three
small drainages in the upper section of Bayou Bouef in southwest-
ern Rapides Parish. Bayou Rapides contains one drainage with
mussels and Bayou Rigolette, in western Grant Parish and southern
Winn Parish, coptains four drainages with M. hembeli, Although
tributaries in Bayou Rigolette were cur primary focus, Loving
Creek, in the Bayou Bouef drainage, was also examined {Fig, 1),

These headwater sireams are slightly acidic, oligotrophic sys-
tems with low sediment organic content. The substrate is domi-
nated by toose, fine, or very fine sand with infrequent patches of
gravel and cobble. Streams are less than 5 m in width and less than
45 cm in depth. Stream gradients range from 1.9 to 6.1 m/km of
stream in headwaters with mussels, and discharges range between
.12 and 0.65 m*s. Riparian zones are dominated by secondary or
primary growth of bald cypress (Taxodium distichum), American beech
{(Fagus grandifoliay, black tupelo (Nyssa sylvatica), southern magnolia
(Magnolia grandiflora), and long-leal pine (Pinus palustris).

Materials and methods

Physicochemical factors

To determine if water quality affected mussel density, we exam-
ined seven physicochemical variables in five sireams. Water quality
variables were monitored on nine dates from Fuly 1992 to February
1994, On each sampling date, waier quality measurements were
taken within a 6-h period at all sites. The same sampling site was
repeatedly sampled through time at Beaver Creek and Jordan
Creek (reported as high density streams for pearl mussels in John-
son and Brown [998); James Branch and Loving Creek, sites with
mediam density; and Three Branches Creek, a site without mus-
sels. Temperatare (°C), dissobved oxygen (mg/L), specific conduc-
tivity {{L5/cm), pH, and redox (mV) were recorded with a Hydrolab®
Surveyor 3 water quality probe. Total hardness and free carbon
dioxide concentration (mg/L) were determined with a Hach® kir,
Differences in water gnality variables among streams in the three
mussel density categories were tested for with one-way analyses of
variance and Tukey’s a posteriori tests were used to compare dif-
ferences in means among the three mussel abundance categories.

Microhabitat factors

The microhabitat analysis was conducted in five streams with
mussels (Beaver Creek, Cress Creek (eastern branch), James Branch,
Jordan Creek, and Loving Creek) and two streams without them
(Cress Creek (western branch) and Three Branches Creek). Streams
without mussels were in close proximity to streams with mussels
and appeared to have similar habitats.

In each stream, channel width, mean channel depth, geometric
mean sediment size, percent sediment organic content, mean sedi-
ment compaction, current velocity, and mussel density were deter-
mined at 11 locations at 100-m increments along a 1-km section.
Because mussel beds (e.g., >20 massels/m?; Johnson and Brown
1998) were rarely located at the sampling points, identical mea-
surements were recorded at a minimum of five mussel beds along
the same 1-km section.
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AL each location, channel widih was measured at base flow.
Channel depth, current velocity, and sediment compaction were
measured at five equidistant points across the channel and aver-
aged. Because compacted sediments are more resistant to scouring,
sediment compaction was measured with a Lang® penetrometer to
determine if mussels prefer more stable sediments. Current veloc-
ity (cmy/s) was recorded with a Montedoro-Whitney Maodel PVM-
2A current meter, 2.5 cm above the substrate. A sediment core
{volume =1500 cm?, 10 cm wide x 15 em deep) was collected from
the channel center at each location, dried, and sifted through eight
sieves {4, 2, 1, 0.5, 0.25, €.125, 0.062, and <0.062 mm) following
Buchanan (1984). Each sediment size class was weighed (mass in
grams} and the geometric mean particle size calculated. Sediment
size 1s inversely proportional o the geometric mean (e.g., a smaller
mean indicates a larger mean particie size), An 8-cm® subsample of
each core was ashed for 24 h at 550°C to determine percent or-
ganic content.

Mussel densilies were estimated at each of the locations by plac-
ing a 0.25-m® quadrat at 0.6, 1.6, 2.45, and 3.35 m (if channel
width allowed) from the right channel margin, facing upstream.
The substrate was visnally examined and then gently searched by
hand for mussels. There were a minimum of 37 individua) quadrats
recorded for each stream.

Mussel numbers {summed over all quadrats ai each sampling
location in the 1 km long section) were first grouped into three
classes: none {n = 63), rare (<2 individuals, # = 24}, and common
{>2, n = 12). The resulting 99 observations of six independent
varidbles were used to separate the three density groups in a
discriminant analysis {Proc canpisc, SAS Institute Inc. 1988). A
discriminant analysis constructs linear functions (discriminant
functions or DFs) of the original variables that best separate mus-
sel abundance classes in a discriminant space. It also estimates the
predictive power of the original variables by the relative magnitude
of their standardized discriminant coefficients. Wilk’s A indicates
the power of the analysis in separaling groups (smaller values indi-
cate greater success). Separation of the groups is visualized by
plotting centroids along the discriminant axes and the degree of
overlap among groups is illustrated by drawing a line around the
half of the discriminant scores that lies closest to the centroid. Nor-
mality of all independent variables was cxamined and geometric-
mean particle size and current velocity data were log transformed,
Percent organic content and sediment compaction rates were
arcsine, square-root transformed before analysis.

Channel stability

We followed tempora} changes in channel-bottom profiles at five
sites in mussel beds at Loving Creek, James Branch, and Jordan
Creek to assess the effects of channe! stability on mussel abun-
dance. Long-term channel stability can be quite important for these
long-lived mussels (Vannote and Minshall 1982), We measured the
distances to the channel bottom from a level line held above the
walter surface by two fence posts that were permanently placed into
the stream bank. After a |-year interval, the bottom profiles were
remappec. We compared percent change in stream depth between
points inside musse! beds versus those outside mussel beds for
each profile with a 7 test after an arcsine, square-root transforma-
tion.

Resulis

Physicochemical variables

Streams differing in mussel abundance did not differ in
average water temperature (Fyuy = 0.10, p = 0.90), dissolved
oxygen concentration (F44y = 0.003, p = 0.99), or redox po-
tential (Fiyyy = 0.35, p = 0.70) but did differ in specific con-
ductivity (Fraq) = 9.37, p = 0.0004), water hardness (Fizg =
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Fig. 2. Differences in several physicochemical variables among
streams of divergent mussel abundance. Values are given as the
mean + ST, {A) Specific conductivity and water hardness.

(B) pH and free carbon dioxide concentration. Similar lelters
above histograms indicate lack of significant differences based
onr Tukey’s a posteriori tests.
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17.12, p < Q.0001), pH (Flusy = 4.44, p = 0.02), and free CO,
concentration (Fiaq = 4.79, p = 0.01). Differences in con-
ductivity, water hardness, and pH are probably biologically
significant as streams with high or intermediate mussel den-
sities had higher average water quality means than the stream
withowt muossels (Fig. 2).

Micrehabitat variables

The stream-channel microhabitat analysis was successful
at separating the three mussel-abundance categories (Table 1).
The first discriminant function separated sites with mussels
from locations where mussels were absent (Fig. 3} and ex-
plained 80% of the variation among groups (squared canonical
correlation = (.21). Channel width, current velocity, and sed-
iment compaction were positively related to mussel abun-
dance (Table I, Fig. 3). The negative relationship of the
particle size index to mussel density again indicates (see
Materials and methods) that mussel density and mean sedi-
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ment size are positively correlated. Mussel density was oniy
weakly associated with sediment organic conient and chan-
nel depth. The second discriminant function explained the
remaining 20% of the variation and had a lower squared ca-
nonical correlation of 0.06. Average values for habitat char-
acteristics in each of the streams are given in Table 2.

Channel stability

At four of the five sites studied, the percent change in
stream-bottorn profile was significantly greater in areas of
the channel without mussels than with mussels. Specifically,
the percent change was significantly greater outside of the
beds at Loving Creek, site 1 {1 = 3.2, p < 0.005, df = 15;
Fig. 4); Loving Creek, site 2 {f = 2.3, p < 0.025, df = 18);
Jordan Creek, site 1 (¢ = 2.57, p< 0.025, df = 16); and James
Branch (t = 2.9, p < {.010, df = 12). The only site that did
not show significant differences was Jordan Creek, site 2 (¢ =
133, p < 0.10, df = 15).

Discussion

Physicochemical variables

Our results suggest that Louisiana peari shells are more
likely to be found in small headwater streams with harder
water and circumneutral pH values. Although also character-
istic of headwater streams, other pearl shells are known to
inhabit streams with higher dissolved oxygen levels, lower
calcium concentrations, and that are nutrient limited and
moderately acidic (Bauver 1992). In fact, Strayer (1993) found
that low calcium levels were the best microhabiiat predictors
of M. margaritifera abundance in pogtheastern U.S. streams,
although the relationship appeared indirect since these mussels
were common in oligotrophic streams and eutrophication is
associated with increased Ca® levels. Increased eutrophi-
cation has certainly reduced the range of pearl shells in both
Europe and North America (Young and Williams 1983,
Bauer 1988; Strayer 1993). Although we acknowledge that
the single stream without mussels (Three Branches Creek}
where water quality was monitored could be anomalous, we
think that these small woodland streams in Louisiana have
such soft waler (specific conductivity <0.050 mS/cm) that
caleium content may be a limiting factor for shell deposi-
tion, explaining the positive relationship between abundance
and water hardness.

Micrehabitat variables

Our data indicate that the abundance of M. hembeli i3 pos-
itively associated with several micrchabitat variables. The
muitivariate model provided a convenient way of quantifying
the type of habitats where mussels were likely to be found.
Mussels were rare in deep pools that characteristically had
slower flowing water and silty bottoms. Shallow, wide areas,
with well-compacted substrate, or infrequent paiches of larger
gravel substrate, all with good flow, evidently provided more
suitable microhabifats.

Other studies also suggest the importance of microhabitat
variables for margaritiferids. For example, current velocity is
important (Stober 1972; Vannote and Minshail 1982; Bauer
1987) and positive relationships between substrate size and
abundance also occur for M. margaritifera (Young and Wil-
fams 1983; Bauer 1992), M. falcata (Stober 1972, Vannote
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Table 1. Resulis of discriminant analysis using stream microhabitat variables to separate musse] density categories.

Standardized coefficients

Proportion of Channel Particle Orgagic Sediment Channel Current

variation width size content compaction depth velocity
DF, 80% 0.51 -0.42 0.04 0.56 -0.01 0.36
DF, 20% 0.15 0.67 ~0.60 0.7 0.43 ~0.02

Nete: Standardized discriminant coefficients for both discriminant functions {DF) are given, along with Wilk's X, its significance,
and the proportion of the variation among groups explained by each DE. Wilk's & = 0.75; F = 2.3%; p=0.008

Fig. 3. Plot of mussel abundance group centroids, separated in a
discriminant analysis by microhabitat variables. The outlines in-
clude the half of the discriminant scores that lie closest 1o the
centroids and indicate the amount of overlap among the three
groups. The relative imporiances of the original microhabitat
variables in separating the groups, based on the values of stan-
dardized discriminant coefficients, are given in Table L.
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and Minshall 1982), as well as for Arkansia wheeleri (Vaughn
and Pyron 1995). Layzer and Madison (1993} suggested that
shear stress also limits juvenile moussel settlement and survival
on a microhabitat scale.

Substrates with large particles evidently increase micro-
habitat stability. Cobbles or boulders lower chances of mus-
sel dislodgement during spates (Vannote and Minshal] 1982).
Our data on temporal variation in channel morphology sug-
gest channel stability is important. At three profile sites with-
out mussels, reference posts were eliminated by spates. In
general, certain mussels may have evolved adaptations to
high and turbulent flow, as mussel assemblages differ between
rivers with constant versus unpredictable flow (Di Maio and
Corkum 1993).

These studies and our sampling results suggest that
M. hembeli is either selecting or surviving better in areas
that are stable over long intervals. Alternatively, it is possi-
ble that Jarger pear]l mussel beds contribute to substrate sta-
bility because their high densities reduce sediment transport.
At any rate, gravel-cobble substrate is rare in these Losisi-
ana headwater streams, making it unlikely that mussels were
associated with these substrates by chance alone. Habitat se-

Fig. 4. A cross section of the stream bottom of Loving Creek
showing the change in the channel bottom over a l-year period.
The letter M indicates the position of the mussel hed in the
channel,
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lection could occur, as M. hembeli was frequently observed
crawling along the stream bottom with tracks several meftres
fong. At Jordan Creek, an entire bed of pearl shells (<1000
individuals) moved 7 m upstream in a 1-year period after a
spate teshaped the channel, dropping the water level.

Our success in predicting the abundance of pear! shells is
somewhat unique, as most mvestigators have had little suc-
cess predicting the distributions of individual mussel species
in large rivers with microhabitat variables (Holland-Bartels
1990; Strayer 1993; Strayer and Ralley 1993; Strayer et al.
1994; Haag and Warren 1998). Studies in larger rivers also
have indicated that endangered species, although always
rare, oceur in highly diverse mussel beds (Vaughn and Pyron
1995, Hornback et al. 1996). Even in another headwater
stream, Balfour and Smock (1995) had Hutle success in pre-
dicting the microdistribution of Elliptio complanaia with
physicochemical variables. However, discriminant analyses
were successful in predicting the abundance of the endan-
gered Quachita rock-pocketbook (Arkansia [Arcidens] wheeleri)
and the threatened Neosho mucket (Lampsilis rafinesqueana)
in Oklahoma rivers, based on microhabitat variables such
as water hardness, depth, sediment stability, macrophyte abun-
dance, and co-occurring mussel diversity (Vaughn and Pyron
1995 Vaughn 1998).

Although microhabitat variables appear important fo the
distribution of adult M. hembeli, juvenile mussel distribu-
tions could still be influenced by differences in other factors,
such as host fish distributions (Watters 1992; Haag and War-
ren 1998) or spates (Layzer and Madison 1993). For exam-
ple, the presence of young mussels (<5 cm shell length) is
positively related in Louisiana pearl shells to the abundance
of the fish host Noturus phaeus (Johnson and Brown 1998).
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Table 2. Values (mean = SE) of microhabitat variables used as predictor variables in the discriminanat analysis for five streams con-

taining M. hembeli and two streams without mussels.

Channel Channel Current Geometric % sediment Penetrometer
width depth velocity mean substrate organic compaction
Site Location {cm} {cm) {cm/s) size (mam} content {kPa)
Beaver Creek Channel 331.2421.5 22.6x2.1 1.320.1 0.063=0.006 1.57+0.03 668.2:224.2
Mussel beds 392.7+6.7 8.3x1.6 4.5%1.7 0.068£0.012 2.80+0.15 1118922448
Cress Creek Channel 313.4x26.8 17.4+2.0 6.3x1.5 (0.08540.005 0.50+0.06 501.1+£121.2
{eastern branch) Mussel beds 406.1£55.3 21.6+1.1 2.6x0.1 0.081+0.008 0.62x0.02 8353.2+160.2
James Branch Channel 287.1x14.7 14.6+2.7 2.0£0.6 0.091+0.007 (0.43x0.06 080.5£141.8
Mussel beds 24992315 10.4x0.8 50«19 0.110+£0.003 .78+0.02 965.6+205.9
Jordan Creek Channel 380.5£22.0 232+53 2.5+0.7 0.303x0.606 0.39+0.03 350 2xR88.2
Mussel beds 420.9+29.2 13.5£2.3 4.7£0.5 0.233:0.013 1. 140,01 940.5x180.7
Loving Creek Channel 358.6x13.2 20413 4.1x0.3 0.065x0.002 0.5520.01 533.1x82.4
Mussel beds 422.6x17.0 21.5£1.8 43206 0.086+0.011 0.82+0.02 752.8£164.7
Cress Creck Control 32R.1£10.7 13.0£2.2 4.6x1.1 0.063£0,037 0.76£0.02 874.1+£286.1
(western branch)
Three Branches Control 2761251 14.1£2.9 1.9£0.5 0.059+0.008 0.73+0.01 502.6£93 8

Creek

The knowledge that microhabitat variables are important
for M. hembeli in these small headwater streams will help
conserve populations. Shallow, broad sections of streams
with stable substrates need to be conserved, rather than silty,
stagnant pools or areas subject to hydrological instability.
Such microhabitats are being used, for example, to trans-
plant individuals when natural beds are in danger from man-
made channel alterations like bridge replacements (K.M.
Brown, personal communication).
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