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1 U.S. Geological Survey, Columbia Environmental Research Center, 4200 New Haven Road,

Columbia, MO 65201 USA
2 Veterans United, Columbia, MO 65203 USA

ABSTRACT

Standard laboratory sediment toxicity methods have been adapted for conducting toxicity tests with
juvenile freshwater mussels. However, studies looking at juvenile mussel burrowing behavior at the
water-sediment interface are limited. Juvenile mussels burrow in sediment for the first 0 to 4 yr of life
but also may inhabit the sediment-water interface. The objective of this study was to evaluate
burrowing behavior of various species and ages of juvenile freshwater mussels in three control
sediments: West Bearskin Lake, Spring River, and coarse commercial sand. Species tested included (1)
Fatmucket (Lampsilis siliquoidea), (2) Notched Rainbow (Villosa constricta), (3) Washboard
(Megalonaias nervosa), (4) Rainbow (Villosa iris), (5) Arkansas Fatmucket (Lampsilis powellii), and
(6) Oregon Floater (Anodonta oregonensis). Greater than 95% of the mussels burrowed into test
sediment within 15 min. Across species, life stage, and substrate type, most mussels were recovered
from the upper layers of sediment (91% at a sediment depth of 3.4 mm or less), and only 2% of the
mussels were recovered at a depth .5.1 mm. No mussels were recovered from a depth .6.8 mm. There
was no difference in mussel burrowing depth at 4 h versus 24 h across species, age, and sediment type.
Two ages of Fatmucket burrowed to a significantly greater depth in the West Bearskin Lake sediment
compared to the Spring River sediment or Coarse Sand. However, there was no significant difference in
mean depth across sediment type with the other five species of mussels tested. Based on species and age
of mussels tested, juvenile mussels up to an age of at least 20 wk and a length of at least 5 mm readily
burrow into sediment and likely would be exposed to contaminants in whole sediment and associated
pore water throughout a laboratory sediment toxicity test.

KEY WORDS: freshwater mussel, Unionidae, behavior, benthic ecology, Fatmucket, Notched Rainbow,

Washboard, Oregon Floater, Rainbow, Arkansas Fatmucket, control sediments

INTRODUCTION
Freshwater mussels of the family Unionidae are widely

distributed throughout North America. Mussels have been

reported from lakes and streams, on substrata varying from

mud and clay to sand and coarse gravel, and they are often

associated with vegetation (Clarke 1973). Freshwater mussels

are among the most imperiled groups of fauna in North

America (Ricciardi and Rasmussen 1999; Lydeard et al. 2004;

Strayer et al. 2004). North America has the world’s most

diverse freshwater mussel fauna, with more than 300 taxa, but

over 70% of species are considered extinct, endangered,

threatened, or of special concern (Williams et al. 1993). The

decline in the U.S. mussel fauna has been attributed to a

variety of factors, including habitat modification, introduction

of exotic species, over-utilization, and contaminants (Watters

1999; Wang et al. 2007a, 2007b, 2013; Bringolf et al. 2007;

Okay and Karacik 2008; Cope et al. 2008; Downing et al.

2010; Besser et al. 2015).

The three main life stages of freshwater mussels are

glochidia, juveniles and adults, and each life stage uses a

different habitat. Glochidia are primarily found in the water

column while in the free-living stage (Cope et al. 2008).

Juvenile mussels reportedly burrow in sediment for the first 0

to 4 yr of life after transformation (Strayer et al. 2004; Schwalb*Corresponding Author: nkemble@usgs.gov
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and Pusch 2007; Cope et al. 2008). Numerous studies have

documented the burrowing behavior of older juvenile and

adult mussels (Lewis and Riebel 1984; Hull et al. 1998;

Watters et al. 2001; Archambault et al. 2014; Block et al.

2013; Hazelton et al. 2014); they have been observed using

their shell and foot to burrow into sediment. Though mussels

generally are considered to be sessile, several studies have

documented both vertical and horizontal movements (Kat

1982; Amyot and Downing 1991; Downing et al. 1993;

Balfour and Smock 1995; Amyot and Downing 1997;

Schwalb and Pusch 2007; Allen and Vaughn 2009).

Populations of Eastern Elliptio (Elliptio complanate) were

found to move up to 3 m/yr, and this movement was

nondirectional (Balfour and Smock 1995). Horizontal move-

ment of up to 15 cm/wk has been documented for Painter

Mussels (Unio pictorum) and Duck Mussels (Anodonta
anatina) in a river setting (Schwalb and Pusch 2007). Mussels

may burrow completely or partially in sediment throughout the

year, depending on water temperature (seasonal migration) and

reproductive activity (Amyot and Downing 1991, 1997;

Watters et al. 2001; Cope et al. 2008; Block et al. 2013).

Mussels spend much of their lives at or just below the

sediment/water interface. This interface is a particularly

important factor when assessing the environmental effects of

chemical contaminants such as metals and persistent hydro-

phobic or nonpolar organic chemicals (e.g., oil and poly-

chlorinated biphenyls). The sediment surface is the bioactive

zone, where organisms interact with sediment and can receive

the greatest exposure, whereas organisms may not be exposed

to contaminants that are present in deeper sediments (National

Research Council 2003). This upper layer of sediment is a

microbially active layer and can have important redox

properties that affect metal speciation and subsequent uptake

and toxicity. Here mussels can be exposed to contaminants

resulting in adverse effects on mussel recruitment, reproduc-

tion, or survival (Thorsen 2004; Cope et al. 2008; Hazelton et

al. 2014).

Sediment toxicity bioassay methods, used to determine the

bioavailability and toxicity of chemicals in sediment, rely on

organisms that come in direct contact with the sediment.

Standard laboratory organisms commonly used to conduct

sediment toxicity tests are either epibenthic (e.g., amphipods)

or create irrigated tubes on the sediment surface (e.g., midges)

or into surficial sediments (e.g., mayflies). Juvenile freshwater

mussels are an ideal candidate for use in toxicity bioassays

because they are in direct contact with sediment. Standard

bioassay methods using freshwater mussels in water-only

bioassays have been developed (ASTM 2019a) and were

modified in the current study to evaluate toxicity of field-

collected sediments to mussels (Wang et al. 2013; Besser et al.

2011, 2015; Ingersoll et al. 2015; Schein et al. 2015).

However, because freshwater mussels have a complex life

history, they require specialized methods for laboratory culture

(Neves 2004; Barnhart 2006), and there has been uncertainty

about contaminant exposure and the role of bioavailability in

laboratory toxicity tests with juvenile freshwater mussels. The

objective of this study was to improve our understanding of

the burrowing behavior of juvenile mussels (3- to 20-wk-old

mussels) and to determine whether species, age, or sediment

type influences burrowing behavior.

METHODS
The six species evaluated included (1) Fatmucket (Lamp-

silis siliquoidea; size 0.4–5.0 mm [about 3, 7, 10, and 20 wk

posttransformation]); (2) Notched Rainbow (Villosa constric-
ta; size 6.0–8.0 mm [about 20 wk posttransformation]); (3)

Washboard (Megalonaias nervosa; size 1.0–1.5 mm [about 6

wk posttransformation]); (4) Rainbow (V. iris; size 1.4–2.5

mm [about 7 wk posttransformation]); (5) Arkansas Fatmucket

(L. powellii; size 0.9–1.3 mm [about 4 wk posttransforma-

tion]); and, (6) Oregon Floater (Anodonta oregonensis; size

1.5–2.3 mm [about 4 wk posttransformation]). Starting lengths

of mussels were determined to the nearest 0.1 mm with a

digitizing system using video micrometer software (Image

Caliper, Resolution Technology, Dublin, OH, USA). Test

organisms were obtained from Missouri State University

cultures (Chris Barnhart, Springfield, MO, USA).

We conducted exposures using three sediments with

different physical properties. Sediments evaluated included

two commonly used control sediments: (1) West Bearskin

Lake sediment, a sand/silt/clay mixture (49% sand) with a total

organic carbon (TOC) content of about 3% obtained from

northeastern Minnesota (Ingersoll et al. 1998), and (2) Spring

River sediment, a predominantly fine sand (82% sand) with a

TOC content of about 1% obtained from southwest Missouri

(Besser et al. 2011) as well as (3) a coarse commercial sand

with a diameter of ,0.5 mm (Granusil, no. 4030) purchased

from Menards (Eau Claire, WI, USA). Sediments were

selected because they have been used successfully as control

sediments in previous sediment toxicity exposures (Kemble et

al. 2013; Ingersoll et al. 1998; Besser et al. 2011, 2015).

Experiments were conducted in clear 60-mL Monoject

plastic syringes (Covidien, Mansfield MO, USA), which were

modified by cutting the top off, leaving the top open to

produce a 3.5-cm diameter opening (Fig. 1). Before the start of

an exposure, test sediment was homogenized with a plastic

spoon in a stainless-steel bowl. The syringe handle was pulled

back to the 30-mL mark on the syringe, and 40 mL of one of

three control materials was placed inside the syringe using a

small scoop. About 10 mL of overlying water was gently

poured over the sediment to maintain a flat sediment-water

interface. The source of the overlying water was well water

diluted with deionized water to a hardness of about 100 mg/L

(as CaCO
3
), an alkalinity of 85 mg/L (as CaCO

3
), and a pH of

about 8.2. A 24-h equilibration period was used to let

sediments settle out of the water column before the

introduction of mussels.

Up to 20 mussels were placed into each of the substrates

(e.g., typically five mussels/replicate syringe with a total of

four replicates/species/treatment) for either 4 or 24 h under

static conditions. This stocking rate provided ~306 mm2 of
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surface area of sediment/mussel/chamber. For exposures using

older Fatmucket Mussels and Notched Rainbow Mussels (5

mo old), we exposed one mussel/test chamber with additional

replicate chambers/substrate tested (five replicates chamber/

species). Using a pipette, mussels were stocked below the

water surface of a syringe. We observed test chambers after

stocking and recorded the time to complete burrowing.

Chambers were then placed in a water bath at 238C with a

light intensity of about 500 lux (16L:8D photoperiod in the 24-

h exposures). We did not feed mussels during the exposures.

Average burrowing depth was the endpoint evaluated in

exposures.

Water quality analysis was conducted on overlying water

siphoned off at the end of the exposures. Given the small

volume of overlying water, we were able to measure only

dissolved oxygen, conductivity, pH, and total ammonia in

most of the exposures. Ranges of the water quality parameters

in the exposures were dissolved oxygen, 6.6 to 8.7 mg/L;

conductivity, 238 to 935 lS/cm; pH, 7.86 to 8.50; total

ammonia, 0.11 to 13.0 mg N/L; and unionized ammonia,

0.004 to 0.548 mg N/L (Appendix 1). The wide ranges of

some water quality parameters are a result of using both

artificial and natural sediments as a substrate.

At the end of the exposures, we recovered mussels from

select sediment sections by siphoning off the overlying water

with a pipette, then gently pressing the syringe plunger to the

first 1-mL mark until a 1.7-mm section of sediment was

exposed at the top of the syringe. The extruded sediment was

then scraped off the top of the syringe using a stainless-steel

spatula into a glass dish. Sediment in the glass dish was gently

rinsed using a squirt bottle to break the small clump of

sediment apart so the mussels could be counted in that section.

We repeated this process using 1.7-mm sections of sediment

until all the mussels had been recovered from the syringe.

Average burrowing depth was calculated using the midpoint of

a sampling section of sediment (i.e., 0.85 used for the 0–1.7

mm section) from a syringe. For the exposures with younger

mussels (e.g., 3 wk old), sections of sediment were scraped

into a 150-lm sieve and rinsed gently with test water. Material

remaining on the sieve was rinsed into a small Petri dish. A

microscope was used for counting mussels in the Petri dish

from each 1.7-mm section.

Statistical analyses were performed using SAS statistical

software (SAS/STAT version 9.2; SAS, Cary, NC, USA).

Average burrowing depth of mussels was determined by (1)

species, (2) mussel age, (3) sediment type, (4) study duration,

or (5) a combination of these four. Differences in average

burrowing depth of mussels were determined by analysis of

variance (ANOVA). Burrowing depth data were transformed

before ANOVA to improve normality as indicated by

Shapiro–Wilk test (United States Environmental Protection

Agency 2000; ASTM International 2019b). If transformations

(square root or log) did not improve normality, data were rank

transformed before analysis (Conover and Iman 1981).

RESULTS
Nearly all mussels burrowed into sediments after being

stocked into the chamber, except one 20-wk-old Notched

Rainbow collected on the surface of the West Bear Lake

sediment after 24 h. Most mussels (90%) burrowed within 15

min of introduction to the test chambers. Shell size and age of

mussels had no effect on the time it took for a mussel to

completely burrow into a test sediment. Most mussels across

species and age were recovered from the upper two layers of

the three substrates (91% at sediment depths of 0.0 to 1.7 or

1.7 to 3.4 mm; Fig. 2, Appendix 2) with only 2% of mussels

recovered at a depth .5.1 mm. No mussels were recovered

from a sediment depth .6.8 mm. Mussels that were partially

burrowed at the end of a bioassay were counted as being

burrowed. Overall, there was a general trend for the older

mussels to be recovered from a greater depth in sediment than

younger mussels. However, this trend may be the result of

fewer older mussels being tested and the fact that only one 20-

wk-old mussel was tested per replicate. Similarly, we also

observed a trend for mussels tested in the West Bear Lake

treatment to be recovered at greater depths compared to the

Spring River and Coarse Sand treatments (Fig. 3).

In our initial comparison of burrowing behavior with

juvenile mussels we evaluated burrowing at two exposure

times (4 and 24 h). However, our results showed there was no

difference in average burrowing depth of mussels in any of the

test sediments between the two study durations (Appendix 2).

Therefore, all later exposures were conducted for 24 h only.

Because there was no significant difference in mean mussel

depth in the two study durations, we used replicate data from

both the 4- and 24-h trials to determine mean burrowing depth

where we had data for both exposure times.

Because the Fatmucket is a common test species it was the

only species for which different age mussels were tested across

Figure 1. Design of the chambers (60-mL syringes) used to evaluate burrowing

behavior of mussels in sediment.
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the three sediment types. The mean burrowing depth of 10-

and 20-wk-old Fatmucket was significantly greater than the 3-

wk-old Fatmucket in the West Bear Lake sediment. However,

in the Coarse Sand and the Spring River sediment, only the 10-

wk-old Fatmucket were recovered at a significantly greater

depth compared to the other ages of Fatmucket tested

(Appendix 3; Fig. 4).

Overall, 3- and 20-wk-old Fatmucket burrowed signifi-

cantly deeper in the West Bear Lake sediment compared to the

Spring River sediment and Coarse Sand. These age groups

also burrowed more deeply than the 7- and 10-wk-old

Fatmucket (Appendix 3). Mean burrowing depth of 7- and

10-wk-old Fatmucket was similar across all three sediment

types (Appendix 3). We recovered 20-wk-old Fatmucket at a

mean depth 3.3 times deeper in the West Bear Lake (2.89 mm)

sediment than in either the Spring River sediment (0.85 mm)

or Coarse Sand (0.85 mm). West Bear Lake sediment has more

fines (higher silt and clay content) and is less dense than either

the Spring River sediment or the Coarse Sand.

No significant difference in mean burrowing depth was

detected between species (Arkansas Fatmucket, Rainbow,

and Washboard) in multiple test sediments (Appendix 2).

All 4-wk-old Arkansas Fatmucket were recovered at a depth

of 3.4 mm or less in the three sediments. Individual

Arkansas Fatmucket burrowed deeper in the Coarse Sand

than in the two natural sediments, but there was no

significant different in average burrowing depth of 4-wk-

old Arkansas Fatmucket based on sediment type (Appendix

2). Similar to the Arkansas Fatmucket exposures, 6-wk-old

Washboard were recovered at deeper depths in the Coarse

Sand than in the West Bear Lake or Spring River sediments,

but there was no significant difference in burrowing depth

of Washboard in the three sediments (Appendix 2).

Similarly, we observed no significant difference in mean

burrowing depth of 7-wk-old Rainbow across the three

sediments (Appendix 2).

There was no general pattern in mussel burrowing behavior

when we compared different species of similar-age mussels

across the three sediment types (Fig. 5). However, when we

compared age groups (i.e., 3–4 wk, 6–7 wk, and 20 wk), we

observed differences in burrowing depth between the ages

tested. The 20-wk-old mussels burrowed significantly deeper

in the West Bear Lake sediment compared to mussels 7 wk old

or younger. In the Spring River sediment, 10-week-old

mussels burrowed significantly deeper than the 4-, 6-, and

20-wk-old mussels. In the Coarse Sand treatment, mean

burrowing depth of 6- and 10-wk-old mussels was signifi-

cantly deeper than mean depths of the 3- and 20-wk-old

mussels (Appendix 2).

Mussels of similar ages tended to burrow to similar

Figure 2. Percentage of all mussels recovered at a sampling depth. * ¼ 0%

recovered from a depth.

Figure 3. Percentage of mussels recovered 4 or 24 h at sampling depths by

sediment type. * ¼ 0% recovered from a sampling depth. WB ¼ West Bear

Lake sediment, SR ¼ Spring River sediment, CS ¼ Coarse Sand.

Figure 4. Percentage of Fatmucket mussels recovered at 4 or 24 h at sampling

depths by sediment type. * ¼ Age not tested. Different letters designate a

significant difference in burrowing depth within a sediment type. WB¼West

Bear Lake sediment, SR¼ Spring River sediment, CS¼ Coarse Sand.
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depths. Mean burrowing depth of the 3- to 4-wk-old mussels

ranged from 0.85 to 1.33 mm in the West Bear Lake sediment

and 0.94 to 1.11 mm in the Coarse Sand. A single 3-wk-old

Fatmucket was recovered at a depth greater than 3.4 mm in

the West Bear Lake sediment, but there was no difference in

mean burrowing depth across the three species in the West

Bear Lake treatment (Appendix 2). Similarly, we observed no

significant difference in burrowing depth of the Arkansas

Fatmucket and Fatmucket in the Coarse Sand. In exposures

with 7-wk-old mussels, Rainbow were recovered at greater

depths than the 7-wk-old Washboard in West Bear Lake and

deeper than the Washboard and Fatmucket in Spring River.

We recovered 18% of the Rainbow at a depth .3.4 mm in the

West Bear Lake treatment, while 100% of the Washboard

were recovered at ,3.4 mm. However, there was no

significant difference in mean burrowing depth of the two

species (Appendix 2). Similarly, we recovered 10% of the 7-

wk-old Rainbow at a depth of .3.4 mm in the Spring River

sediment, while 100% of Fatmucket and Washboard were

recovered at depths ,3.4 mm. However, there was no

significant difference in mean burrowing depth of the three

species in the Spring River sediment (Appendix 2). In the

Coarse Sand, 6-wk-old Washboard were recovered at a

deeper average mean depth (1.85 mm) than either the 6-wk-

old Fatmucket (1.19 mm) or 6-wk-old Rainbow (1.0 mm).

Again, no significant difference in mean burrowing depth

between the three species in the Coarse Sand was observed

(Appendix 2). A similar pattern was observed with the older

mussels. Notched Rainbow were recovered at a wider range

of sediment depths compared to the 20-wk-old Fatmucket.

However, there was no significant differences in mean

burrowing depths of the two species in the West Bear Lake

sediment (Appendix 2).

DISCUSSION
Based on the species and age of mussels tested in the

current study, juvenile mussels up to an age of 20 wk readily

burrow into sediment as was reported by Yeager et al. (1994).

They reported 1- to 2-wk-old Rainbow burrowed within 20

min of being placed into the sediment with similar grain size

characteristics of the natural sediments used in the current

study. With the exception of one individual, mussels in the

current study were completely burrowed within 15 min in all

sediments and remained below the sediment surface for the

duration of the study.

Burrowing depth varies based on the age of the mussel.

The deepest we observed mussels in the syringes was 6.8 mm

in the two natural sediments, similar to what Yeager et al.

(1994) reported in feeding and burrowing studies in which

juvenile Rainbow were recovered in the top 1 cm of sediment.

Juvenile mussels have been recovered from much greater

depths in field studies. Mussels 0–3 yr old were recovered

from the top 8 cm of sediment (Neves and Widlak 1987) and

Schwalb and Pusch (2007) recovered mussels up to a depth of

20 cm. However, juvenile mussels in these studies included

older mussels, up to 3 yr in age. One potential limitation to

burrowing depths observed in the current study was the size of

the study chambers used (maximum depth, 36 mm). However,

because the greatest observed burrowing depth was only 6.8

mm, we do not believe that space limitation in the syringe

prevented the mussels from burrowing deeper. No mussels

were recovered in the lowest sediment fraction of the syringe

in any of our study Gough et al. (2013) and Archambault et al.

(2014) also found mussels at shallow depths, indicating that

space for vertical or horizontal movement was not a limitation.

Gough et al. (2013) found that adult Pondhorn (Uniomerus
tetralasmus), Giant Floater (Pyganondon grandis), and

Southern Fatmucket (Lampsilis straminea) burrowed to

shallow depths (a few centimeters) instead of moving to

greater depths with reducing water levels. Archambault et al.

(2014) found that under thermal stress, juvenile Pink Mucket

(Lampsilis abrupta) and Eastern Lampmussel (Lampsilis
radiata) did not burrow below the top stratum of sediment

(2.5 cm).

In the current study, we exposed six different species of

mussels and found no difference in burrowing depth or

behavior between species of similar age. However, burrowing

behavior of a mussel community depends on the diversity of

the community (Allen and Vaughn 2009). When a mussel

community was manipulated (i.e., density and diversity were

manipulated by increasing the number of mussels or the

number of species within a treatment), Allen and Vaugh

(2009) observed significant differences in shell exposure (i.e.,

shell above sediment surface) and both vertical and horizontal

movement between species. However, all the exposures

conducted here were single-species exposures and differences

in burrowing depth and behavior may have resulted had we

tested with multiple species in a syringe.

Previous studies have shown that mussel density may

affect vertical movement. Mussel density in the current study

Figure 5. Mean mussel borrowing depth of all species tested at 4 and 24 h in

three substrates by mussel age. Mean depths with different letters indicate a

significant difference across age within a sediment type. * ¼ Age not tested.

WB ¼West Bear Lake sediment, SR ¼ Spring River sediment. CS ¼ Coarse

Sand.
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was reduced from five mussels per chamber to one per

chamber when we tested with larger mussels. In contrast to

Allen and Vaughn (2009), it is unlikely, given the size of

mussels tested, that burrowing depth with any of the six

species tested was affected by density within a sediment.

Mussels in the current study showed no general pattern in

burrowing behavior across the three sediment types (Fig. 5). If

the physical characteristic of the sediment is important in

determining the distribution, then relative ability of a mussel to

burrow in different sediment types may be important in

establishing and maintaining suitable habitats for survival,

growth, and reproduction (Kat 1982). This is especially

important for juvenile mussels in habitats prone to water-flow

alterations, sedimentation, and erosion. While a clay substrate

proved more difficult for the Eastern Elliptio and Giant Floater

(Anodonata grandis) to right on than sand or gravel, both

species and the Eastern Lampmussel (Lampsilis radiata)
burrowed significantly deeper in clay in 30 min than the other

two substrates (Lewis and Riebel 1984). Lewis and Riebel

(1984). concluded that the substratum particle size had an

influence on the ability and speed of righting and burrowing of

unionid mussels. However, in the current study, only the 20-

wk-old mussels were generally found at deeper depths in the

West Bearskin Lake substrate. It is unclear if this result is due

to the fact that West Bearskin Lake is a much finer substrate or

if our sampling method artificially increased depth by pushing

mussels deeper as we scraped a sediment section.

Similar to water temperature, photoperiod is thought to

play a role on vertical migration of mussels. Vertical migration

of adult Fatmucket was found to be more correlated with day

length than with water temperature in both field populations

and artificial streams (Perles et al. 2003). In the current study,

the photoperiod was the standard 16:8 (light:dark) for all

exposures (ASTM 2019a, 2019b). This photoperiod corre-

sponds to a mid-April to mid-July time frame, when high

densities of adult mussels have been reported at the sediment-

water interface (Amyot and Downing 1991; Balfour and

Smock 1995; Amyot and Downing 1997; Watters et al. 2001).

Juvenile mussels are thought to stay in the substrate for the

first couple years of life. Longer exposures in the syringes,

along with alternating the photoperiod, could be conducted to

determine whether day length or duration have an effect on

burrowing behavior of young mussels (i.e., daily movement or

depth used by young mussels).

Rapid burrowing by young mussels, as observed in this

study, might provide protection from strong currents in a

stream; remaining burrowed also might reduce the chance of

being dislodged and relocated to less suitable habitat. Mussels

1 to 14 d old have been recovered at depths about two to three

times deeper than in the current study (Yeager et al. 1994).

One potential explanation is that the present study was

conducted under static conditions while the other studies were

done under flow-through conditions. Adult Freshwater Pearl

Mussel (Margaritifera margaritifera) will burrow as deep as

necessary to avoid being dislodged by the current (Thoms and

Berg 1985). Schwalb and Pusch (2007) reported no significant

difference in the distance moved among three species and

found that the dynamics of surface densities of mussels could

be explained by discharge, day length and water temperature,

and those mussels may circumvent dislodgement in extreme

flows by burrowing deeper into the sediment in riverine

systems. These studies suggest that burrowing behavior is

flexible in response to environmental conditions, so that may

explain why we do not see a wide range of burrowing behavior

in laboratory tests under controlled conditions.

Little research has been done evaluating juvenile mussel

burrowing behavior. The current study examined burrowing

behavior of several species of juvenile mussels under

controlled conditions (i.e., testing with control sediments

only, a set temperature). However, many of the factors that

other investigators have found to affect older mussel

burrowing behaviors could be evaluated with the methods

and test apparatus used here. Study duration and species type

did not affect burrowing depth of the mussel. However,

additional studies with a longer duration may be needed to

fully evaluate burrowing behavior over time. Also, due to the

lack of mussel availability, we did not test all four ages with all

the species. We also observed a general trend for older mussels

to burrow to a greater depth than younger mussels. By

burrowing to greater depths, older mussels may be exposed to

different contaminants, or to lower levels of contaminants,

than mussels remaining at or near the sediment-water

interface, where contaminants tend to accumulate (Mulligan

and Law 2013). Additional studies with older juveniles (.20

wk) in larger chambers also may help determine if and when

juvenile mussels might inhabit the sediment-water interface

and begin filtering overlying water. Additional studies could

examine juvenile burrowing behavior in field-collected

sediments evaluating mussel exposure of contaminants at the

sediment/water interface to whole sediment and porewater

throughout a sediment toxicity test. These additional studies

would provide needed information about the benthic ecology

of this imperiled group.
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Appendix 1. Overlying water quality data. NM: Not Measured, WB: West Bear Lake sediment, SR: Spring River sediment, CS: Coarse Sand.

Species

Age

(wk) Sediment

Exposure

Time

(h)

Temp

(8C)

Dissolved

Oxygen

(mg/L)

Conductivity

(lS/cm) pH

Total

Ammonia

(mg/L)

Unionized

Ammonia

(mg/L)

Fatmucket 3 CS 4 23 8.6 342 NM 0.70 NM

Fatmucket 3 CS 24 23 8.5 238 NM 1.15 NM

Fatmucket 3 WB 4 23 8.1 486 NM 1.19 NM

Fatmucket 3 WB 24 23 7.7 383 NM 1.72 NM

Arkansas Fatmucket 4 WB 24 23 7.7 625 7.86 0.12 0.004

Arkansas Fatmucket 4 SR 24 23 7.1 774 7.98 0.45 0.020

Arkansas Fatmucket 4 CS 24 23 7.9 779 8.11 0.11 0.007

Oregon Floater 4 WB 24 23 7.8 593 8.07 0.38 0.021

Washboard 6 WB 24 23 8.2 583 NM 3.51 NM

Washboard 6 CS 24 23 8.6 725 NM 1.16 NM

Washboard 6 SR 24 23 8.1 533 NM 3.25 NM

Rainbow 7 CS 24 23 8.7 723 NM 0.15 0.000

Fatmucket 7 CS 24 23 8.3 709 NM 0.22 0.000

Fatmucket 7 SR 24 23 7.2 723 8.50 1.44 0.196

Rainbow 7 WB 24 23 7.4 581 NM 0.22 0.000

Rainbow 7 SR 24 23 7.2 747 NM 1.36 0.000

Fatmucket 10 WB 4 23 8.6 376 8.43 4.64 0.548

Fatmucket 10 CS 4 23 8.7 491 8.44 0.85 0.102

Fatmucket 10 SR 4 23 8.5 530 8.36 0.36 0.037

Fatmucket 10 WB 4 23 6.6 319 NM 5.37 NM

Fatmucket 10 WB 24 23 7.1 304 NM 5.93 NM

Fatmucket 10 CS 4 23 6.6 NM NM 2.38 NM

Fatmucket 10 CS 24 23 7.2 735 NM 4.49 NM

Fatmucket 10 SR 4 23 6.7 401 NM 0.32 NM

Fatmucket 10 SR 24 23 7.1 445 NM 0.47 NM

Fatmucket 20 SR 4 23 NM NM NM NM NM

Fatmucket 20 CS 4 23 NM NM NM NM NM

Fatmucket 20 WB 4 23 8.0 334 NM 4.36 NM

Fatmucket 20 WB 24 23 7.3 347 NM 12.50 NM

Notched Rainbow 20 WB 4 23 8.0 338 NM 4.32 NM

Notched Rainbow 20 WB 24 23 7.3 339 NM 13.00 NM
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Appendix 2. Raw mussel burrowing data. WB: West Bear Lake sediment, SR: Spring River sediment, CS: Coarse Sand.

Species Age (wk) Sediment

Exposure

Time (h) Rep N

Percentage of Mussels at Burrowing Depths (mm)

Surface 0–1.7 1.7–3.4 3.4–5.1 5.1–6.8 6.8–8.5

Fatmucket 3 CS 4 1 5 0.0 100.0 0.0 0.0 0.0 0.0

Fatmucket 3 CS 4 2 5 0.0 100.0 0.0 0.0 0.0 0.0

Fatmucket 3 CS 4 3 5 0.0 60.0 40.0 0.0 0.0 0.0

Fatmucket 3 CS 4 4 5 0.0 100.0 0.0 0.0 0.0 0.0

Fatmucket 3 WB 4 1 5 0.0 100.0 0.0 0.0 0.0 0.0

Fatmucket 3 WB 4 2 5 0.0 60.0 40.0 0.0 0.0 0.0

Fatmucket 3 WB 4 3 5 0.0 40.0 60.0 0.0 0.0 0.0

Fatmucket 3 WB 4 4 5 0.0 100.0 0.0 0.0 0.0 0.0

Fatmucket 3 CS 24 5 5 0.0 100.0 0.0 0.0 0.0 0.0

Fatmucket 3 CS 24 6 5 0.0 100.0 0.0 0.0 0.0 0.0

Fatmucket 3 CS 24 7 5 0.0 100.0 0.0 0.0 0.0 0.0

Fatmucket 3 CS 24 8 5 0.0 100.0 0.0 0.0 0.0 0.0

Fatmucket 3 WB 24 1 5 0.0 80.0 20.0 0.0 0.0 0.0

Fatmucket 3 WB 24 2 5 0.0 100.0 0.0 0.0 0.0 0.0

Fatmucket 3 WB 24 3 5 0.0 40.0 40.0 20.0 0.0 0.0

Fatmucket 3 WB 24 4 4 0.0 75.0 25.0 0.0 0.0 0.0

Fatmucket 7 CS 24 1 5 0.0 100.0 0.0 0.0 0.0 0.0

Fatmucket 7 CS 24 2 5 0.0 100.0 0.0 0.0 0.0 0.0

Fatmucket 7 CS 24 3 5 0.0 60.0 40.0 0.0 0.0 0.0

Fatmucket 7 CS 24 4 5 0.0 60.0 40.0 0.0 0.0 0.0

Fatmucket 7 SR 24 1 4 0.0 100.0 0.0 0.0 0.0 0.0

Fatmucket 7 SR 24 2 5 0.0 80.0 20.0 0.0 0.0 0.0

Fatmucket 7 SR 24 3 5 0.0 80.0 20.0 0.0 0.0 0.0

Fatmucket 7 SR 24 4 4 0.0 100.0 0.0 0.0 0.0 0.0

Fatmucket 10 WB 4 1 5 0.0 60.0 40.0 0.0 0.0 0.0

Fatmucket 10 WB 4 2 5 0.0 60.0 40.0 0.0 0.0 0.0

Fatmucket 10 WB 4 3 5 0.0 60.0 40.0 0.0 0.0 0.0

Fatmucket 10 WB 4 4 5 0.0 80.0 20.0 0.0 0.0 0.0

Fatmucket 10 WB 4 1 5 0.0 60.0 40.0 0.0 0.0 0.0

Fatmucket 10 WB 4 2 5 0.0 40.0 60.0 0.0 0.0 0.0

Fatmucket 10 WB 4 3 5 0.0 20.0 40.0 40.0 0.0 0.0

Fatmucket 10 WB 4 1 5 0.0 60.0 40.0 0.0 0.0 0.0

Fatmucket 10 WB 4 2 5 0.0 40.0 60.0 0.0 0.0 0.0

Fatmucket 10 WB 4 3 5 0.0 20.0 40.0 40.0 0.0 0.0

Fatmucket 10 CS 4 1 5 0.0 60.0 40.0 0.0 0.0 0.0

Fatmucket 10 CS 4 2 5 0.0 80.0 20.0 0.0 0.0 0.0

Fatmucket 10 CS 4 3 5 0.0 40.0 40.0 0.0 20.0 0.0

Fatmucket 10 CS 4 4 5 0.0 0.0 20.0 80.0 0.0 0.0

Fatmucket 10 CS 4 1 5 0.0 40.0 40.0 20.0 0.0 0.0

Fatmucket 10 CS 4 2 5 0.0 40.0 60.0 0.0 0.0 0.0

Fatmucket 10 CS 4 3 5 0.0 20.0 80.0 0.0 0.0 0.0

Fatmucket 10 SR 4 1 5 0.0 40.0 40.0 20.0 0.0 0.0

Fatmucket 10 SR 4 2 5 0.0 40.0 20.0 40.0 0.0 0.0

Fatmucket 10 SR 4 3 5 0.0 0.0 40.0 0.0 60.0 0.0

Fatmucket 10 SR 4 4 5 0.0 80.0 0.0 20.0 0.0 0.0

Fatmucket 10 SR 4 1 5 0.0 40.0 40.0 20.0 0.0 0.0

Fatmucket 10 SR 4 2 5 0.0 100.0 0.0 0.0 0.0 0.0

Fatmucket 10 SR 4 3 5 0.0 20.0 60.0 20.0 0.0 0.0

Fatmucket 10 WB 24 4 5 0.0 0.0 100.0 0.0 0.0 0.0

Fatmucket 10 WB 24 5 5 0.0 0.0 60.0 20.0 20.0 0.0

Fatmucket 10 WB 24 6 2 0.0 0.0 100.0 0.0 0.0 0.0
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Appendix 2, continued.

Species Age (wk) Sediment

Exposure

Time (h) Rep N

Percentage of Mussels at Burrowing Depths (mm)

Surface 0–1.7 1.7–3.4 3.4–5.1 5.1–6.8 6.8–8.5

Fatmucket 10 CS 24 4 5 0.0 100.0 0.0 0.0 0.0 0.0

Fatmucket 10 CS 24 5 5 0.0 40.0 40.0 20.0 0.0 0.0

Fatmucket 10 CS 24 6 5 0.0 60.0 40.0 0.0 0.0 0.0

Fatmucket 10 SR 24 4 5 0.0 80.0 20.0 0.0 0.0 0.0

Fatmucket 10 SR 24 5 5 0.0 60.0 40.0 0.0 0.0 0.0

Fatmucket 10 SR 24 6 5 0.0 40.0 40.0 20.0 0.0 0.0

Fatmucket 20 SR 4 1 1 0.0 100.0 0.0 0.0 0.0 0.0

Fatmucket 20 SR 4 2 1 0.0 100.0 0.0 0.0 0.0 0.0

Fatmucket 20 SR 4 3 1 0.0 100.0 0.0 0.0 0.0 0.0

Fatmucket 20 SR 4 4 1 0.0 100.0 0.0 0.0 0.0 0.0

Fatmucket 20 CS 4 1 1 0.0 100.0 0.0 0.0 0.0 0.0

Fatmucket 20 CS 4 2 1 0.0 100.0 0.0 20.0 0.0 0.0

Fatmucket 20 CS 4 3 1 0.0 100.0 0.0 0.0 0.0 0.0

Fatmucket 20 CS 4 4 1 0.0 100.0 0.0 0.0 0.0 0.0

Fatmucket 20 WB 4 1 1 0.0 0.0 0.0 100.0 0.0 0.0

Fatmucket 20 WB 4 2 1 0.0 0.0 100.0 0.0 0.0 0.0

Fatmucket 20 WB 4 3 1 0.0 0.0 100.0 0.0 0.0 0.0

Fatmucket 20 WB 4 4 1 0.0 0.0 0.0 100.0 0.0 0.0

Fatmucket 20 WB 4 5 1 0.0 0.0 100.0 0.0 0.0 0.0

Fatmucket 20 WB 24 1 1 0.0 0.0 100.0 0.0 0.0 0.0

Fatmucket 20 WB 24 2 1 0.0 100.0 0.0 0.0 0.0 0.0

Fatmucket 20 WB 24 3 1 0.0 0.0 100.0 0.0 0.0 0.0

Fatmucket 20 WB 24 4 1 0.0 0.0 0.0 100.0 0.0 0.0

Fatmucket 20 WB 24 5 1 0.0 0.0 100.0 0.0 0.0 0.0

Rainbow 7 CS 24 1 5 0.0 100.0 0.0 0.0 0.0 0.0

Rainbow 7 CS 24 2 5 0.0 100.0 0.0 0.0 0.0 0.0

Rainbow 7 CS 24 3 5 0.0 80.0 20.0 0.0 0.0 0.0

Rainbow 7 CS 24 4 5 0.0 80.0 20.0 0.0 0.0 0.0

Rainbow 7 WB 24 1 5 0.0 80.0 0.0 20.0 0.0 0.0

Rainbow 7 WB 24 2 5 0.0 80.0 20.0 0.0 0.0

Rainbow 7 WB 24 3 4 0.0 50.0 0.0 50.0 0.0 0.0

Rainbow 7 WB 24 4 5 0.0 100.0 0.0 0.0 0.0 0.0

Rainbow 7 SR 24 1 4 0.0 100.0 0.0 0.0 0.0 0.0

Rainbow 7 SR 24 2 4 0.0 50.0 50.0 0.0 0.0 0.0

Rainbow 7 SR 24 3 5 0.0 20.0 80.0 0.0 0.0 0.0

Rainbow 7 SR 24 4 5 0.0 60.0 0.0 40.0 0.0 0.0

Arkansas Fatmucket 4 CS 24 1 4 0.0 100.0 0.0 0.0 0.0 0.0

Arkansas Fatmucket 4 CS 24 2 5 0.0 80.0 20.0 0.0 0.0 0.0

Arkansas Fatmucket 4 CS 24 3 5 0.0 60.0 40.0 0.0 0.0 0.0

Arkansas Fatmucket 4 CS 24 4 5 0.0 100.0 0.0 0.0 0.0 0.0

Arkansas Fatmucket 4 WB 24 1 5 0.0 100.0 0.0 0.0 0.0 0.0

Arkansas Fatmucket 4 WB 24 2 5 0.0 100.0 0.0 0.0 0.0 0.0

Arkansas Fatmucket 4 WB 24 3 5 0.0 100.0 0.0 0.0 0.0 0.0

Arkansas Fatmucket 4 WB 24 4 4 0.0 100.0 0.0 0.0 0.0 0.0

Arkansas Fatmucket 4 SR 24 1 5 0.0 100.0 0.0 0.0 0.0 0.0

Arkansas Fatmucket 4 SR 24 2 5 0.0 100.0 0.0 0.0 0.0 0.0

Arkansas Fatmucket 4 SR 24 3 4 0.0 100.0 0.0 0.0 0.0 0.0

Arkansas Fatmucket 4 SR 24 4 4 0.0 100.0 0.0 0.0 0.0 0.0

Notched Rainbow 20 WB 24 1 1 0.0 0.0 100.0 0.0 0.0 0.0

Notched Rainbow 20 WB 24 2 1 0.0 0.0 100.0 0.0 0.0 0.0

Notched Rainbow 20 WB 24 3 1 0.0 0.0 0.0 100.0 0.0 0.0
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Appendix 2, continued.

Species Age (wk) Sediment

Exposure

Time (h) Rep N

Percentage of Mussels at Burrowing Depths (mm)

Surface 0–1.7 1.7–3.4 3.4–5.1 5.1–6.8 6.8–8.5

Notched Rainbow 20 WB 24 4 1 0.0 0.0 100.0 0.0 0.0 0.0

Notched Rainbow 20 WB 24 5 1 0.0 0.0 100.0 0.0 0.0 0.0

Notched Rainbow 20 WB 24 1 1 0.0 0.0 100.0 0.0 0.0 0.0

Notched Rainbow 20 WB 24 2 1 0.0 0.0 100.0 0.0 0.0 0.0

Notched Rainbow 20 WB 24 3 1 0.0 100.0 0.0 0.0 0.0 0.0

Notched Rainbow 20 WB 24 4 1 0.0 0.0 0.0 0.0 100.0 0.0

Notched Rainbow 20 WB 24 5 1 100.0 0.0 0.0 0.0 0.0 0.0

Oregon Floater 4 WB 24 1 5 0.0 100.0 0.0 0.0 0.0 0.0

Oregon Floater 4 WB 24 2 5 0.0 100.0 0.0 0.0 0.0 0.0

Oregon Floater 4 WB 24 3 5 0.0 100.0 0.0 0.0 0.0 0.0

Oregon Floater 4 WB 24 4 5 0.0 20.0 80.0 0.0 0.0 0.0

Washboard Mucket 6 WB 24 1 5 0.0 20.0 80.0 0.0 0.0 0.0

Washboard Mucket 6 WB 24 2 5 0.0 80.0 20.0 0.0 0.0 0.0

Washboard Mucket 6 WB 24 3 5 0.0 100.0 0.0 0.0 0.0 0.0

Washboard Mucket 6 WB 24 4 5 0.0 60.0 40.0 0.0 0.0 0.0

Washboard Mucket 6 CS 24 1 5 0.0 20.0 60.0 20.0 0.0 0.0

Washboard Mucket 6 CS 24 2 5 0.0 100.0 0.0 0.0 0.0 0.0

Washboard Mucket 6 CS 24 3 5 0.0 20.0 40.0 40.0 0.0 0.0

Washboard Mucket 6 CS 24 4 5 0.0 80.0 20.0 0.0 0.0 0.0

Washboard Mucket 6 SR 24 1 5 0.0 100.0 0.0 0.0 0.0 0.0

Washboard Mucket 6 SR 24 2 5 0.0 100.0 0.0 0.0 0.0 0.0

Washboard Mucket 6 SR 24 3 5 0.0 60.0 40.0 0.0 0.0 0.0

Washboard Mucket 6 SR 24 4 5 0.0 100.0 0.0 0.0 0.0 0.0
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Appendix 3. Fatmucket (FM) mussel burrowing data. WB: West Bear Lake sediment, SR: Spring River sediment, CS: Coarse Sand.

Species Age (wk) Sediment

Exposure

Time (h) Rep N

Percentage of Mussels at Burrowing Depths (mm)

Surface 0–1.7 1.7–3.4 3.4–5.1 5.1–6.8 6.8–8.5

Fatmucket 3 CS 4 1 5 0.0 100.0 0.0 0.0 0.0 0.0

Fatmucket 3 CS 4 2 5 0.0 100.0 0.0 0.0 0.0 0.0

Fatmucket 3 CS 4 3 5 0.0 60.0 40.0 0.0 0.0 0.0

Fatmucket 3 CS 4 4 5 0.0 100.0 0.0 0.0 0.0 0.0

Fatmucket 3 WB 4 1 5 0.0 100.0 0.0 0.0 0.0 0.0

Fatmucket 3 WB 4 2 5 0.0 60.0 40.0 0.0 0.0 0.0

Fatmucket 3 WB 4 3 5 0.0 40.0 60.0 0.0 0.0 0.0

Fatmucket 3 WB 4 4 5 0.0 100.0 0.0 0.0 0.0 0.0

Fatmucket 3 CS 24 5 5 0.0 100.0 0.0 0.0 0.0 0.0

Fatmucket 3 CS 24 6 5 0.0 100.0 0.0 0.0 0.0 0.0

Fatmucket 3 CS 24 7 5 0.0 100.0 0.0 0.0 0.0 0.0

Fatmucket 3 CS 24 8 5 0.0 100.0 0.0 0.0 0.0 0.0

Fatmucket 3 WB 24 1 5 0.0 80.0 20.0 0.0 0.0 0.0

Fatmucket 3 WB 24 2 5 0.0 100.0 0.0 0.0 0.0 0.0

Fatmucket 3 WB 24 3 5 0.0 40.0 40.0 20.0 0.0 0.0

Fatmucket 3 WB 24 4 4 0.0 75.0 25.0 0.0 0.0 0.0

Fatmucket 7 CS 24 1 5 0.0 100.0 0.0 0.0 0.0 0.0

Fatmucket 7 CS 24 2 5 0.0 100.0 0.0 0.0 0.0 0.0

Fatmucket 7 CS 24 3 5 0.0 60.0 40.0 0.0 0.0 0.0

Fatmucket 7 CS 24 4 5 0.0 60.0 40.0 0.0 0.0 0.0

Fatmucket 7 SR 24 1 4 0.0 100.0 0.0 0.0 0.0 0.0

Fatmucket 7 SR 24 2 5 0.0 80.0 20.0 0.0 0.0 0.0

Fatmucket 7 SR 24 3 5 0.0 80.0 20.0 0.0 0.0 0.0

Fatmucket 7 SR 24 4 4 0.0 100.0 0.0 0.0 0.0 0.0

Fatmucket 10 WB 4 1 5 0.0 60.0 40.0 0.0 0.0 0.0

Fatmucket 10 WB 4 2 5 0.0 60.0 40.0 0.0 0.0 0.0

Fatmucket 10 WB 4 3 5 0.0 60.0 40.0 0.0 0.0 0.0

Fatmucket 10 WB 4 4 5 0.0 80.0 20.0 0.0 0.0 0.0

Fatmucket 10 WB 4 1 5 0.0 60.0 40.0 0.0 0.0 0.0

Fatmucket 10 WB 4 2 5 0.0 40.0 60.0 0.0 0.0 0.0

Fatmucket 10 WB 4 3 5 0.0 20.0 40.0 40.0 0.0 0.0

Fatmucket 10 WB 4 1 5 0.0 60.0 40.0 0.0 0.0 0.0

Fatmucket 10 WB 4 2 5 0.0 40.0 60.0 0.0 0.0 0.0

Fatmucket 10 WB 4 3 5 0.0 20.0 40.0 40.0 0.0 0.0

Fatmucket 10 CS 4 1 5 0.0 60.0 40.0 0.0 0.0 0.0

Fatmucket 10 CS 4 2 5 0.0 80.0 20.0 0.0 0.0 0.0

Fatmucket 10 CS 4 3 5 0.0 40.0 40.0 0.0 20.0 0.0

Fatmucket 10 CS 4 4 5 0.0 0.0 20.0 80.0 0.0 0.0

Fatmucket 10 CS 4 1 5 0.0 40.0 40.0 20.0 0.0 0.0

Fatmucket 10 CS 4 2 5 0.0 40.0 60.0 0.0 0.0 0.0

Fatmucket 10 CS 4 3 5 0.0 20.0 80.0 0.0 0.0 0.0

Fatmucket 10 SR 4 1 5 0.0 40.0 40.0 20.0 0.0 0.0

Fatmucket 10 SR 4 2 5 0.0 40.0 20.0 40.0 0.0 0.0

Fatmucket 10 SR 4 3 5 0.0 0.0 40.0 0.0 60.0 0.0

Fatmucket 10 SR 4 4 5 0.0 80.0 0.0 20.0 0.0 0.0

Fatmucket 10 SR 4 1 5 0.0 40.0 40.0 20.0 0.0 0.0

Fatmucket 10 SR 4 2 5 0.0 100.0 0.0 0.0 0.0 0.0

Fatmucket 10 SR 4 3 5 0.0 20.0 60.0 20.0 0.0 0.0

Fatmucket 10 WB 24 4 5 0.0 0.0 100.0 0.0 0.0 0.0

Fatmucket 10 WB 24 5 5 0.0 0.0 60.0 20.0 20.0 0.0

Fatmucket 10 WB 24 6 2 0.0 0.0 100.0 0.0 0.0 0.0
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Appendix 3, continued.

Species Age (wk) Sediment

Exposure

Time (h) Rep N

Percentage of Mussels at Burrowing Depths (mm)

Surface 0–1.7 1.7–3.4 3.4–5.1 5.1–6.8 6.8–8.5

Fatmucket 10 CS 24 4 5 0.0 100.0 0.0 0.0 0.0 0.0

Fatmucket 10 CS 24 5 5 0.0 40.0 40.0 20.0 0.0 0.0

Fatmucket 10 CS 24 6 5 0.0 60.0 40.0 0.0 0.0 0.0

Fatmucket 10 SR 24 4 5 0.0 80.0 20.0 0.0 0.0 0.0

Fatmucket 10 SR 24 5 5 0.0 60.0 40.0 0.0 0.0 0.0

Fatmucket 10 SR 24 6 5 0.0 40.0 40.0 20.0 0.0 0.0

Fatmucket 20 SR 4 1 1 0.0 100.0 0.0 0.0 0.0 0.0

Fatmucket 20 SR 4 2 1 0.0 100.0 0.0 0.0 0.0 0.0

Fatmucket 20 SR 4 3 1 0.0 100.0 0.0 0.0 0.0 0.0

Fatmucket 20 SR 4 4 1 0.0 100.0 0.0 0.0 0.0 0.0

Fatmucket 20 CS 4 1 1 0.0 100.0 0.0 0.0 0.0 0.0

Fatmucket 20 CS 4 2 1 0.0 100.0 0.0 20.0 0.0 0.0

Fatmucket 20 CS 4 3 1 0.0 100.0 0.0 0.0 0.0 0.0

Fatmucket 20 CS 4 4 1 0.0 100.0 0.0 0.0 0.0 0.0

Fatmucket 20 WB 4 1 1 0.0 0.0 0.0 100.0 0.0 0.0

Fatmucket 20 WB 4 2 1 0.0 0.0 100.0 0.0 0.0 0.0

Fatmucket 20 WB 4 3 1 0.0 0.0 100.0 0.0 0.0 0.0

Fatmucket 20 WB 4 4 1 0.0 0.0 0.0 100.0 0.0 0.0

Fatmucket 20 WB 4 5 1 0.0 0.0 100.0 0.0 0.0 0.0

Fatmucket 20 WB 24 1 1 0.0 0.0 100.0 0.0 0.0 0.0

Fatmucket 20 WB 24 2 1 0.0 100.0 0.0 0.0 0.0 0.0

Fatmucket 20 WB 24 3 1 0.0 0.0 100.0 0.0 0.0 0.0

Fatmucket 20 WB 24 4 1 0.0 0.0 0.0 100.0 0.0 0.0

Fatmucket 20 WB 24 5 1 0.0 0.0 100.0 0.0 0.0 0.0
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