Appendix L-15
Mussel Survey Protocols
These protocols are currently being prepared and will be included in this MSHCP

when available from the Service. These protocols will be based, in part, on the specifications
provided in Smith 2006, Survey design for detecting rare freshwater mussels (attached).




































Guidelines Used in Four Geographically Diverse Unionid

Relocations

Heidi L. Dunn and Bernard E. Sietman
Ecological Specialists, Inc., St. Peters, Missouri

Abstract. The endangered status of many unionids has prompted the use of relocations as a

mitigation measure. However, current data suggest that relocations have been enly minimaily
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relocationg on the i1k River, West Virgd

Mintwsots; witd the Wolf River, Wisconair, S
conditions, and species varied among relocations. i

River, Missouri;St. Croix River, Wisconsin-

tream characteristics, collection and relocation

results suggest that these reloca-

Preliminary ,
- tene were successiuk Observed martality 1 month and 1 year following relocations was negligible
(010 1%), and recovery ranged from 50% to 96%. We suggest the following guidetines for future
relocationa.ﬁ) use field persornel that are familiax with unionids, (2) selecta velocation area with

stablesubs|

te and a similar undonid community that isnear the collection area, {3) keep animals

moist or in water and minimize out-of-water time, (4) avoid extreme texnperatures, and {3} avoid

aowding animals.
Introduction

Modifications of our rivers, such as impoundment,
channelization, dredging, instream construction,
and the resuiting siltation and hydrological changes,
are often cited as the primary reasans for the decline
of unionid species (Stansbery 1970, 1971; Stein 1972;
Yokley 1976; Suloway et al, 1981; Miller et al, 1984;
Williams et at. 1992; Parmalee and Hughes 1993;
Hartfield 1993). A high percentage of North Ameri--

P

(Ahlstedt, pers. comm.; Harris, pers. comm.; Neves,
pers. comim.) were consistently noted as possible
~Teasons for relocation success or failure. Unionid
survival ard/or recovery following relocation also
varied among species within most studies (Oblad
1980; Sheehan et al. 1955; Drunn 1993).

Habitat stability in the relocation area seems to
be akey factor. Low recovery was attributed to

can unionids are presumed extinct, th
endangered, or in need of conservation {see Neves
1993). Currently, Section 7(a}2) of the Endangered
Species Act as well as equivalent legislation within
sorne states requires that itnpacts to these species be
minimized, and if impacts are unavoidable, that
they be mitigated. Relocating unionids from
ingtream construction, impoundment, and
channelization areas has often been used to mitigate
impacts to unionids (Oblad 1980; Harris 1984, 1986,
1989; Harris et al. 1992; fenkinson 1985, 1989; Dunn
1993). However, monitoring studies suggest that in
most cases unionid recovery and/or survival may
be less than ideal {Sheehan et al. 1989; Burke 1991;
Aquatic Resources Center 1993; Dunn 1993; Koch
1993; Layzer and Gordon 1993). ’

Durn (1934) and Cope and Waller (1995)
reviewed literature and Dunn (1994) contacted
knowledgeable researchiers on Pprevious relocation
stadies and found that habitat stability in the
relocation area {Sheehan et al. 1989; Dunn 19%3;
Layzer and Gordon 1593} and handling methods

ch in substrate or habitat in some relocations
(Sheehan et al, 1989; Hubbs et al. 1991; Dunn 1995;
Layzer and Gordon 1993), and Dunn (1993) recov-
ered fewer relocated unionids from areas with less
stable substrate in the Ohio River. Handling meth-
ods, such as overcrowding, prolonged periods out of
water, exposure to extreme temperature, and
improper placement in the substrate, have fre-
quently been speculated as possible causes of low
recovery and survival. However, researchers
disagree on unicnid sensitivity to handling and few
studies have tested these effocts (Waller et al. 1995).
Recommendations autlined by Dunn (1994)
were incorporated into four unionid relocations that
varied in geographic location, riverine characteris-
tics, and unionid species: St, Croix River (Minnesota
and Wisconsin), Wolf River (Wisconsin), Meramec
River (Missourt), and Elk River (West Virginia}
(Figure 1). Each relocation was monitored to
determine protected species survival. ‘The Wolf, St.
Croix, and Elk River monitoring also included other
relocated species and the St. Craix and Wolf River
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relocations included tests to substantiate handling
and placement techniques. Othe}' monitolring
objectives included determining if mortality was
immediate or long term (St. Croix, Wolf, and )
Meramec rivers), determining nonrelocated unionid
mortality {all relocations}, determining adequac_y of
buffer zones (St. Croix River), and determining if
removal areas were recolonized (Meramec and Elk
rivers). Monitoring for most of these relocations is
not complete; therefore, results in this paper will be
limited to recovery and observed mortality of
relocated unionids. This paper compares prelimi-
nary monitoring results and offers guidelines for
future refocations, .

Study Area

In May 1994, 4,514 undonids wete relocated from
construction areas of the 1-55 bridge over the
Meramec River near St. Louis, Missouri (Figure 1),
In this area, the Meramec River (river mile 6.9) is
ically a flowing gravel run, about 120 m wide
tyarEi 1.53:!1 deep; however, the area is often pooled by
the Mississippi River, resulting in little to no flow

and silt deposition. Substrate is mostly loose gravel
and sand, with some silt particularly near the tiver-
banks. Areas with boulders over gravel and silt
are found under and downstream of the bridge. A
total of 33 species has been collected in this area

" (Table 1) including Limpsilis abrupfa (federally

endangered); Elliptic crassidens, Fusconaia ebera, and
Leptodea leptodor (Missouri endangered); Arcidens
confragosus and Plethobasus cyphyus (Missouri rare);
and Obovarig olivaria (Missouri watch list).

In July and August 1994, 202 undonidg wesp
relocated from a pipeline construction ares in the
Elk River near Clendenin, West Virginia {Figure 1).
Elk River is a small (55 m wide and less than 1.2 m
deep in the study area), clear, high-gradient tribu-
tary of the Kanawha River. Habitat in this area of
the river consists of riffles, tuns, and deeper pools
with cobble, gravel, and sand substrate, A total of
20 species has been collected in the study area (Table
1) including Epioblasma torwlosa rangiona, Pleurobema
clava, and L. abrupiz (federally endangered).

In August 1994 and August 1995, 8,996 and
14,027 upiohids, respectively, were relocated froin I-
94 bridge construction and demolition areas in the
5t. Croix Rivér near Hudson, Wisconsin (Figure 1).
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Figﬁm 1. Distribution of unionid relocation studies.
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Table 1. Unionid species recorded from each of the relocation: areas.

Species!

Meramec
River?

Elk
Riverd

Wolf
River®

Actingnaies ligamentina
Alasmidonta marginata
Ambiemna plicata plicats
Arcidens confragosus
Cumberlandia Hianodonta.
Cyclonaias suberculata
Eliipsaria lineolata
Ellfptio crassidens
Elliptio dilatata -
Eprioblastha: torulosa rangiana
Epiobiasma triquetra
Fuscoraig ebenia
Fuscortaia flape .
Fusconaia subrotunda
Lampsilis abrupte
Lampsilis cardium
Lampsilis fasciola
Lampsilis higginsii
Lampsilis ovata

Lampsilis siliquoides
Lampsilis tetes
s

Leptodea fragilis
Leptodex leptodon
Ligumia recta
Megwlonaias nervose
Obitquaria reflexa
Obovaria olivariz

* Oboveria subrotunda

Plethobasus ayphyus
Pleurobema claoa

Pleurobema coccineum
Potamilus latus

Potamilus ohiensis
Ptychobranchus fasciolaris
LPyganodon grandis

(Quadrula metanepra
Quadrula pustulose pustulosa
Quadrula quadruls
Simpsonoias ambigug
Strophitus undulatus wndulatus
Tozolasma partus

Tritogonia verrucosa
Trunciila donaciformis
Truncilla truncata
Litterbackin imbecitlis
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'1'he St, Croix River at this pohl (approx:matgly river
mile 16.2) is a wide, riverine lake, which is pooled by
Mississlppi River Lock and Dam 3. The navxgnhnn
channel follows the Minnesota bank and current is
mostly restricted to the channel. At the 1-94 bridge,
the river is approximately 950 m wide and 4to 6 m
deep. The water is fairly clear and substrate is
primazily sand with cobble and gravel in areas with
flow. The reach between river mile 17.6 and 16.2 i3
listed as Essential Habitat for Lempsilis higginsii
(USFWS 1983).” A total of 34 species has been
collected in the area {Table 1) including L. kgginsii
(federally endangered); Cumberlandia monodonta,
Cyclonaias tuberculata, Ellipsaria lineolata, and Elliptio
crassidens (Wisconsin endangered); and Quadrulz
metanevra, Simpsenaias ambigua, anid Tritogonia
verrucosd (W:sconsm threatened).
In July 1995, 24,557 unionids were: relomiad
from the U.S. Highway 20 bridge construction area
in the Wolf River near Shawano, Wisconsin, The
Wolf River is a small high-gradient Lake Michigan
drainage stream with riffles and pools, and is 70 m
wide and up te 1.5 m deep in the relocation area,
Substrate is mostly cobble and gravel with areas of
hard pan clay and loose sand. A total of 22 species
was collected in the project area inciuding
Epigblasma triguetra (Wisconsin endangered),
T. verrtcosa (Wisconsin threatenied), and Alasmidonia
margineta and Pleurcbéma coceineum (Wisconsin
special concern species). ~

Materials and Methods
Before béginning each relocation, construction and

potential impact areas were delineated. Anarea
near the constrirction zone, with stable subatrate and

an existing unionid community, was sefected as the .

relocation area, and 0.25 m?-quadrat samples were

collected by divers to determine substrate composi-

Hon and existing unionid commundty. characteristics.
Handling methods during collection and

relocation varied somewhat among study areas, but

several guidelines were followed. Unionids were
collected and handled by experienced people, were
not relocated dufing extreme hiot or cokd weather,
were kept in water most of the time, and were
handled in-small batches,

In general, animals were kept moist or in water
throughout each relocation. However, handling
during transport varied among relocations. During
the St. Craix and Wolf River relocations, gnionids
were quickly transferred from the river to alarge -
(1.1mx08mx08m) flow-through helding tank in
the transport boat. Water siphoned from at least 0.5
m beneath the river's surface was continually

pumped into the tank and allowed to flow out
through a surface drain. A rack in the bottom of the
tank prevented animals from lying in accumulated
debris. Water temperature and dissolved oxygen
were continually monitored in the tank, which was
drained and cleaned at the end of each day.

Unionids were also quickly transferred out of
the tank and into the river. Individuals were out of
water for brief intervals durmg sorting, counting,
marking, and measuring.

Unionids in the Meramec River relocation were
h-amponed between the collection and relocation
area in moist burlap. Animals were briefly removed
from the burlap for processing. Unionids collected
in the Elk River were walked upstream to the

- relocation area in collecting bags, but were out of

water during mest of the 180 m-walk.

Monitoring grids adapted from Waller et al,
(1993} were established in relocation areas, A
limited mumber of unionids were marked with a
sequenhal number (using a Dremel tool), measured
(length in mm), weighed (%), aged {external annuli
count), and placed in the grids. Unionids not placed
in grids were identified, counted, and distributed in
a designated general area. -

Relocated unionids were maonitored 1 month
following relocation to assess immmediate mortality
and 1 year after relocation fo assess long-term . -
mortality. Onelmmthfo]l(rwmg&!eﬂ Croix,
Meramec, and Wolf River relocztmm, adiver
searched gm:l and mlocahmm, collect-
ing any marked and unmarked dead shells. One
year foilowing all relocations {(Meramiec, 5. Croix,
and Elk River comp]eted to date), one half of the
grid cells were sampled by excavating the cells and
collecting all urionids.

Observed mortality refers to mortahty esti-
mated from recovered shells and live unionids, since
the fate of nonrecovered marked shells is unknow
Recovery refers to the percentage of mharked
un).omds recm'ered durmg monitoring.

‘Results and Discussion

Preliminary data for relocations conducted in
different rivets with different species and different
handling techniques indicate that relocation can be
‘successful if a few simple guidelines are followed.
Recovery during the first year.-was high for most
species in all studies even though handling methods
" varied among sites.

Observed mortality was minimal (< 1%) 1
month following the St. Croix, Wolf, and Meramer
River relocations.. Almost 600 unionids were
marked and placed in monitoring grids in each of
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the 5t. Croix River relocations, and only ene marked
shell was recovered 1 month following each reloca-
tion (Table 2). No marked shells were found in
Meramec or Wolf River grids, although shells could
have been carried away by flow or predators, or
buried and not readily observable. All unionids
placed in the St. Croix and Wolf River general
relocation areas were not examined, However,
many live marked individuals were found while
only three dead marked shells were observed in the
1994 5. Croix River general relocation area, and
only six dead marked shells were observed in the
1895 5t. Croix River and in the Wolf River general
relocation areas (Table 2).

Recovery was high and observed mortality was
minimal 1 year following the St. Croix, Maramec,
and Elk River relocations, although recovery and
observed mortality did vary among species within
each relocation (Table 3). Recovery ranged from
50% in the Meramec River, a dynamic area with
fairly unconsolidated gravel substrate and fairly-
high flow, to 96% in the Elk Rivi 24 dynamic small
river with high flow but very consolidated substrate.
Recovery of live marked unionids was 71% in the St.
Croix River, although some mortality (1%) was
observed,

In the Meramec River no marked shells were
recovered and recovery of [, abrupta and F. ebena
was over 80% 1 year after the relocation (Table 3).

A _The only species with a low recovery rate (29%) was

A. confragosus, which is typically an active species

N (Dunn, pers. obs.). In the St. Croix River, recovery

was lowest for Truncilla truncata (50%) and highest
for Q. metanevra (83%). Mortality was ohserved for
L. Wigginsti (one individual} and T, verrucosa (two
individuals). In the Elk River recovery was 100% for
all species except (huadrula p: pustylosa (60%) and no
marked shelis were found, )

Factors contributing to the success of these
relocations appear to be careful handling and
selection of the relocation area, Guidelines we think

Table 2. Manitoring results 1 month after zelocation.

should be followed for a successful relocation
include;

1. Use field personned familiar with unionids.
Handling errors, such as roughly removing
animals from the substrate, leaving animals out
of water or in stagnant water, and not replacing
animais in a natural position in the substrate, are
minimized by using personne! familiar with
unionid biclogy.

2. Select a relocation area with stable substrate and a
sitnilar unionid commumity that is near the
vollection area, :

We agree with Sheehan et al. {1989) and Cope
and Waller (1995) that site selection is one of the key
factors in successful unionid relocations, Cur goal
was to select areas with stable substrate and an
existing unionid comununity at least as species rich
and dense as the construction area and that was as
close as possible to the construction ares, Placing
unionids in stable substrate should enhance relo.
cated unionid recovery {Sheehan et al. 1989). In
many cases unionids occur in an unstable substrate,
such as unconsolidated sand or graval, However,
these areas probably have a high degree of substrate
and therefore unionid movement (Galighity 1982;
Vannote and Minshall 1982; Huehner 1987), Al-
though this may be patural (Matteson 1955) and

may not restilt in unionid mortality, the prabability
of recovering relocated unionids is greater if the
animals remain in a designated area. .
Selecting a relocation area with an existing
unionid community near the collection area should
ensure that habitat conditions are suitable for
unionids and similar to those under which the
animals are currently living (such as water quality
and fish species) as well as minimize transport time
between constriiction and relocation areas, The
variables determining unionid distribution are
complex and attempts to quantify microhabitat and

Site " Year No. marked No. marked shelly No. marked No. marked shells
Aunjonids placed  recovered in grids  unionids placed recavered in
in grids in gemeral area general area
St. Croix River 1994 598 1 = 8,398 3
Meramec River 1994 61 0 4453 NS
Elk River - 1994 100 . N5 102 NS
Wolf River 1995 a31 0 T 23726 6
St. Croix River 1995 591 1 13,436 L]

NS=Not sampled
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detexmine variables useful in predicting unionid
distribution have met with littie success {Strayer
1981; Holland-Bartels 1980; Strayflr a:l‘.d Ra;]ezr 1953),

mingly suitable area currently devoid o
‘:ms‘zfﬁds m};y support unionids; however, unknown
variables may be preventing natural _umomd _co}om—
zation, Selecting a relocation area with an existing
urionid comumunity reduces the chance of choosing
unsuitable unionid habitat. .

3. Keep animals moist or in water and minimize out-

e humid conditi 1;sf0r gas
Unionids require humid conditions

exchange, and keeping animals moist will enhance

supvival (Waller et al. 1995).

Table 3. Monitoring results 1 year after relocation.

wvoid extreme temperatures.
A Unionid mortality during relocation has been
attributed to extremely cold water and air tempera-
ture (Heath, pers. comm,; Miller, pers. comm.) and
an extreme difference between water and air tem-
perature (Koch, pers, comm.). Although tempera-
ture effects on survival have not been tested (Cope
and Waller 1995}, stress is typically evident in
unienids beld out of water on hot or cold days.
Unionids should be refocated under moderate air
and water temperatures, and animals should not be
exposed to extreme cold or heat.

5. Avoid mwdmg animals.
Overcrowding may have negative effects on
unionids due to waste accurnuiation and oxygen

i Percent Percent
No.placedin  No. collected No, shells )

i wmg!ed cells? live collected recovered observed
Species - ty
Meramec River § % i
Arcidens confragosus 14 4 g = ;
Fuscomia ebena ; ;2 g s 5

ilis abru| ¢
hmpﬁowvmalfsolwam' in ¢ 12 0
Total 2 13 0 50 0
St Croix River iz 5
Amblema plicate plicata 129 98 0
Cyclonaias tuberculata b 7 s ” .
Ellipsaria linsolata . 1% . g e 2
Elliptio crassidens 4: = g = ]
Fusconaia flava 3 44 .
AT 13
Lampsilis higginsii 20 :
Obliguaria s re_,“iezzqg81 43 28 g g g
Quadrula metaneora 24 222 g 4 -
Tritogonia perrucosa 8 . A - 2
Trunciila iruncata e
1
Total . 316 225 3 m
Elk River L . . - .
Actirionaiag liganenting. 29 Zg‘ g o :
Elliptio crassiders i L . g e :
F1mmnm 100 0
-F iaﬂs:l;':atunda 10 10 g 200 8
Lampsilis ovatz 5 5 g o " o
QRuadrila pustuloss pustulosa 5
Total 5t 49 0 9% 0

1Only half of the cells in each grid were sampled.
2Animal moved from adjacent cell into sampled cell.
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depletion; however, research on these effects is

currently lacking, The number of unionids placed In

collecting bags was limited to approximately 100 and
the number transported in the flow-through holding
tank was limited to approximately 500.
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Abstract. Translocations are used increasingly to conserve populations of rare freshwater mussels.
Recovery of translocated mussels is essential to accurate assessment of translocation success. We designed
an experiment to evaluate the use of passive integrated transponder (PIT) tags to mark and track individual
freshwater mussels. We used eastern lampmussels (Lampsilis radiata radiata) as a surrogate for 2 rare mussel
species. We assessed internal and external PIT-tag retention in the laboratory and field. Internal tag
retention was high (75-100%), and tag rejection occurred primarily during the first 3 wk after tagging. A
thin layer of nacre coated internal tags 3 to 4 mo after insertion, suggesting that long-term retention is likely.
We released mussels with external PIT tags at 3 field study sites and recaptured them with a PIT pack
(mobile interrogation unit) 8 to 10 mo and 21 to 23 mo after release. Numbers of recaptured mussels
differed among study sites; however, we found more tagged mussels with the PIT-pack searches with visual
confirmation (72-80%) than with visual searches alone (30-47%) at all sites. PIT tags offer improved

Key words:

recapture of translocated mussels and increased accuracy of posttranslocation monitoring.

PIT tags, freshwater mussels, survival, recapture, Lampsilis radiata radiata, translocation.

A goal in the national strategy for the conservation
of native freshwater mussels is to “develop, evaluate,
and use the techniques necessary to hold and
translocate large numbers of adult mussels” (INational
Native Mussel Conservation Committee 1997). Suc-
cessful recovery of translocated mussels is essential for
accurate assessment of translocation success. Previous
studies of freshwater mussel translocation used visual
searches to recover mussels with varied success
(Layzer and Gordon 1993, Havlik 1995, Bolden and
Brown 2002, Cope et al. 2003). Survival estimates of
translocated mussels often are based on the number of
mussels recaptured or found dead, and mussels that
are not recaptured are assumed to have emigrated
from the study site (Dunn and Sietman 1997, Hamilton
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et al. 1997, Dunn et al. 2000). A review of 33 mussel
translocation studies found a mean estimated survival
rate of 51% (but mortality was not reported in 27% of
the studies); the average recapture rate was 43%
(range: 1-97%) (Cope and Waller 1995).

Passive integrated transponder (PIT) tags may be an
effective tool for tracking translocated mussels to
increase accuracy of survival estimates. PIT tags are
electronic glass-encased microchips that are activated
by an inductive coil. They can be attached to an
organism internally or externally. The tag is passive
until activated by a fixed or portable reader with an
antenna. When activated, the tag transmits a unique
code to the reader, identifying the individual organism
(Gibbons and Andrews 2004). Tag longevity is
indefinite because an internal power source is not
needed. In aquatic systems, PIT tags have been used
extensively to study fish passage past stationary
antennae or readers (Zydlewski et al. 2001). Portable
PIT-tag systems are used in shallow waters to assess
spatial distributions of local fish populations, fine-scale
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movements, and microhabitat preferences (Roussel et
al. 2000, Hill et al. 2006). This mobile application is
ideally suited to freshwater mussel translocation
studies because mussel movements often occur over
short distances.

Traditional mussel recapture methods depend on
visual encounters and excavation to locate burrowed
mussels. PIT tags may enhance mussel recapture at
sites where visibility is poor (e.g., turbid water) or
when mussels are burrowed in sediments. Reliability
of any tagging method depends on tag retention. The
tagging method selected for freshwater mussels
depends on shell thickness and the type of habitat
into which the tagged mussels will be placed. Internal
tagging may be best for thick-shelled species, whereas
external PIT-tag placement may be more appropriate
for thin-shelled species. In a fast-flowing environment
with a rocky substrate, an external PIT tag might be
dislodged, whereas an internal PIT tag would be
protected from abrasion.

We designed an experiment to evaluate the use of
PIT tags to mark and track individual freshwater
mussels as part of a larger study to determine the
feasibility of translocations of 2 state-listed threatened
mussel species (tidewater mucket [Leptodea ochracea]
and yellow lampmussel [Lampsilis cariosa]) in response
to an impending dam removal. The objectives of our
study were to evaluate internal and external PIT-
tagging methods, retention, and posttagging survival
in freshwater mussels and to determine the effective-
ness of PIT-tag technology for mussel recaptures. We
used the relatively common eastern lampmussel (Lamp-
silis radiata radiata) as a surrogate for the listed species
to develop the method. We tested internal tagging
methods for future use with thick-shelled species (e.g.,
yellow lampmussel) and external attachment for use
with thin-shelled species (e.g., tidewater mucket).

Methods
Internal PIT tagging: mantle separation

We used 2 methods to place internal PIT tags. For
method 1 (mantle separation), we placed the mussels
in sandy substrate, waited until they were actively
siphoning and slightly gaped, and then inserted a
micropipette tip between the valves to separate them
by ~5 mm. We teased the mantle tissue away from the
shell and inserted the PIT tag (Digital Angel, South St.
Paul, Minnesota) between the mantle and shell along
the midventral margin. We also marked all mussels
externally with numbered bee tags (The Bee Works,
Orillia, Ontario) cemented (GC Fuji I Glass Ionomer
Luting Cement; Henry Schein, Melville, New York) to
the posterior end of the left valve. We sealed the bee
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tags with Delton Light Curing Pit and Fissure Sealant
(Henry Schein). Control mussels received only the
numbered bee tags. We were able to tag ~20 mussels/
h with this method. Most of our time was spent
waiting for mussels to gape so we could insert the
micropipette tip.

In October 2004, we collected eastern lampmussels
(55-101 mm length, n = 164) from the impoundment
that will be dewatered following the Fort Halifax dam
removal in the Sebasticook River near Winslow, Maine.
In November 2004 (24-35 d after capture), we
partitioned the mussels into a control (n = 40) and 3
tag-type treatment groups: 23-mm tags (n = 40), 12-
mm tags (n =44), and 12-mm tags with an antimigra-
tion cap (a plastic sleeve encasing one end of the 12-
mm tag to encourage tissue adherence; Biomark, Boise,
Idaho; n = 40). Each group consisted of mussels of all
sizes (control: length 55-99 mm, 23-mm tags: length
58-101 mm, 12-mm tags: length 58-99 mm, 12-mm
tags with cap: length 58-96 mm).

We maintained mussels in the Aquaculture Research
Center (ARC), University of Maine, Orono, Maine, in
three 2.44 X 0.61 X 0.30-m fiberglass tanks filled with
sand (13 cm deep) and recirculating water. We divided
the mussels in each group among 3 replicates (13-15
mussels/replicate) and distributed 1 replicate from
each group in each tank.

We fed the mussels an algal diet (Phaeodactylum
tricornutum, Chaetocerus-B., and Nannochloropsis oculata;
Algae Spat Formula [Innovative Aquaculture Solu-
tions, Inc., Vancouver, British Columbia]) 3 times/wk.
During each feeding, we stopped water recirculation
and applied 40 to 50 X 10” algal cells/tank (R. Mair,
Virginia Polytechnic Institute and State University,
personal communication). To simulate changes in
seasonal water temperature, we gradually reduced
water temperature from 18°C (October) to 10°C
(December) and maintained 10°C until the following
April, then gradually increased the temperature to
18°C by June. We monitored the mussels for mortality
3 times/wk and examined them for tag retention in
November 2004 and in February, April, and June 2005.

Internal PIT tagging: mantle incision

We developed a 2™ internal PIT-tagging method
(mantle incision) with techniques from the cultured
pearl industry (H. Dan, Virginia Polytechnic Institute
and State University, personal communication). We
implanted PIT tags by inserting a micropipette tip
between the mussel valves to separate them by ~5 mm,
making an incision with a scalpel in the midventral
mantle tissue, inserting the tag between the mantle and
the shell through the incision, and then removing the
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micropipette tip. We also marked all mussels externally
with bee tags on the posterior end of the left valve.
Inserting the tags took little time (20 mussels/h). Most
of our time was spent waiting for mussels to gape so
we could insert the micropipette tip.

In June 2005, we collected 112 eastern lampmussels
(43-101 mm length) from the Sebasticook River
impoundment and randomly assigned the mussels
into 3 groups consisting of a control (1 =27) and 2 tag-
type treatment groups (23-mm tags: n = 43, 12-mm
tags with cap: n = 42) with 3 replicates/group (9-15
mussels/replicate), being careful to include mussels of
all sizes in each group. We did not test the 12-mm tags
without caps because of poor retention in the mantle-
separation experiment.

We maintained tagged mussels in the ARC for 21 d to
ensure tag retention and then placed 1 replicate from
each group in sand in each of 3 enclosures (1 X 2-m
polyvinyl chloride [PVC] pipe and rebar frames covered
in hardware cloth) in Unity Pond, Maine. Unity Pond is
a 1039-ha lake connected to the Sebasticook River
upstream of the Winslow mussel collection site. Unity
Pond contains a natural population of eastern lamp-
mussels and thus is suitable habitat for the species.
Before placing the mussels in the enclosures, we
reinserted rejected tags (n = 9). We examined the
mussels to assess tag retention and survival 60 d
(August 2005) and 371 d (June 2006) after tagging.

External PIT tagging

We tested the reliability of external PIT-tag attach-
ment and determined the probability of recapturing
translocated PIT-tagged mussels that were not confined
to enclosures (as in the previous experiment). We
placed external PIT tags on 238 eastern lampmussels
(41-88 mm length) collected during September and
October 2004 from various sites in Unity Pond (1 =90),
Sandy Stream (a 1°*-order, spring-fed stream that drains
into Unity Pond; n = 88), and the Sebasticook River
impoundment near Winslow (1 = 60). We chose these
water bodies because they had naturally occurring
populations of eastern lampmussels and the 2 listed
species, and because, based on neutral markers,
Sebasticook River and Sandy Stream populations of
these mussels were genetically similar (Kelly 2004).

We tagged mussels by cementing a PIT tag to the
posterior end of the right valve and a numbered bee
tag to the posterior end of the left valve. After the first
30 tags (at Unity Pond), we completely encapsulated
the PIT tag in dental cement to increase tag retention.
We placed tagged mussels in water before the cement
was fully cured (~5 min after application) to avoid
overdrying and cracking of the cement. We tagged

TapLe 1. Numbers of mussels tagged with passive
integrated transponder tags in each translocation treatment
during September and October 2004.

Translocated
Tagged and Moved from
replaced within Sebasticook
Site (site control) water body River
Sandy Stream 30 26 32
Unity Pond 30 30 29
Sebasticook River 30 30 -

~30 mussels/h with this method. Most of our time
was spent waiting for the bee-tag sealant to dry. We
used 23-mm tags at all sites. We also used some 12-mm
tags at Sandy Stream and Unity Pond because of a
limited supply of cement.

We compared survival of translocated mussels
among within-water body, between-water body, and
within-site (control) translocation treatments. We mea-
sured, tagged, and moved mussels to 1 X 2-m plots or
replaced them where they had been found (Table 1). We
marked the corners of the plots with stakes with
flagging, and recorded Global Positioning System
(GPS) locations for each plot and for each of the tagged
mussels that were returned to their original location.

We recaptured externally PIT-tagged mussels with a
mobile PIT detection unit (PIT pack). The PIT pack
used Destron Fearing FS1001A DC-powered, full
duplex transceivers and custom-designed portable
antennas. When a PIT tag was within range of an
antenna (~0.5 m), the tag emitted a 134.2-kHz (ISO
standard frequency) radio frequency, which was
transmitted back to the receiver for decoding. The
antennas, enclosed in an airtight PVC wand and
attached to the transceiver, consisted of several wraps
of 12- to 18-gauge wire, with inductance values
ranging from 325 to 375 pH and a set of capacitors
(Hill et al. 2006). The capacitors were attached to an
antenna lead cable from the transceiver, fixing the
capacitance between 33 and 44 nF. The fixed capaci-
tance was used within the transceiver in conjunction
with the adjustable capacitance to tune the resonance
frequency of the system to 134.2 kHz (Hill et al. 2006).
We tuned the adjustable capacitor while antennas were
submerged. We conducted all field experiments with
the PIT pack tuned to phase 0 to 2%, signal 1 to 20%,
and current 2.5 to 5.0 amps.

We searched the release sites for externally PIT-
tagged mussels ~30 d after tagging (October 2004) and
visually confirmed recaptures with snorkeling. If the
PIT-tag reader registered a tag but no mussel was
observed, we assumed the mussel had burrowed into
the substrate. To minimize substrate disturbance, we
did not excavate burrowed mussels preparing to
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overwinter. These data were not used in the calcula-
tions of recapture success because the signals may
have been from detached tags.

During June and July 2005 (271-355 d after tagging)
and July and August 2006 (670-750 d after tagging),
we searched again for PIT-tagged mussels at the
release sites, beginning at the last location recorded
with GPS during October 2004. In 2005, we conducted
initial searches without the PIT pack to provide
recapture percentages with visual searches only. We
visually searched each site for 2 d. Approximately 1
wk later, we searched the sites using PIT-pack searches
with visual confirmation and excavation to confirm
recaptures (3—4 d/site). In 2006, we repeated the PIT-
pack searches with visual confirmation (3 d/site).
Water clarity was too poor to conduct visual searches
in 2006. If the PIT pack detected a tagged mussel, but
we did not see the mussel, we excavated the area
within 0.5 m of the signal to 15 to 45 cm deep to
determine if the signal was coming from a burrowed
mussel or an unattached tag. If we found no tagged
mussel after excavation, we assumed the tag had
become detached. We searched (with snorkeling and
the PIT pack) the sites at Unity Pond and the
Sebasticook River 4 times each to at least 3 m beyond
the perimeter of the original study area to detect
mussels that may have moved. We also searched the
shorelines for valves from dead mussels. Extensive ice
scouring and spring flooding substantially reconfig-
ured the substrate at the Sandy Stream site, so in
addition to searching the study area plus 3 m beyond
the perimeter, we also swept the antenna bank to bank
downstream of the site for 200 m over a total of 3 d. We
calculated recapture rates by dividing the number of
mussels recaptured at each site by the number tagged.

Data analysis

We used adjusted x> for small sample sizes (Gotelli
and Ellison 2004) for all analyses.

We compared long-term tag retention among tag
types and mussel mortality among treatments and
controls for both mantle separation and mantle
incision methods. We compared the percentages of
recaptures using visual searches alone with the
number of recaptures using PIT-pack searches with
visual confirmation.

Results

Mussel retention of internal PIT tags in the laboratory
(mantle separation)

Five percent of the PIT tags were rejected within 2
wk of internal placement via mantle separation. By 100
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d after tagging, rejection had increased to 10% for 12-
mm tags with caps, 12.5% for 23-mm tags, and 30% for
12-mm tags without caps. High mortality with this
method was more troubling than the rejection rates. By
100 d after tagging, mortality rates were 3% for the
control group (no tags), 10% for the group with 12-mm
tags with caps, 25% for the group with 23-mm tags,
and 27% for the group with 12-mm tags without caps.
This mortality may have been caused by inexperience
with the tagging procedures and mussel aquaculture
husbandry (mortality in control mussels was 3% 100 d
after tagging and 73% 244 d after tagging), so we
discontinued using the 12-mm tags without caps,
switched to the mantle-incision method, and retained
the tagged mussels in field enclosures.

Long-term tag retention did not differ among tag
types (adjusted > = 5.61, p = 0.691, df = 8), and
mortality did not differ among the tag-type and control
groups (adjusted y>=7.97, p=0.716, df =11) 100 d after
tagging. We examined the condition of the PIT tags in
all mussels that died over winter. By 90 d after tagging,
all 12-mm PIT tags with caps were coated with nacre
and attached to a valve. By 120 d after tagging, 23-mm
and 12-mm PIT tags without caps that had not been
rejected were similarly attached.

Mussel retention of internal PIT tags in field enclosures
(mantle incision)

All mussels in the control and tag-type groups
(mantle incision) were still alive 60 d after tagging (40
d after transport from the ARC to the Unity Pond
enclosures) (Table 2). One 23-mm tag was rejected after
the mussels were placed in the enclosures; this rejected
tag was not one of the tags that had been rejected and
reinserted within the 2-wk posttagging observation
period. By June 2006 (371 d after tagging), 2 mussels in
the enclosures had died (1 control, 1 with a 23-mm
tag), and one 12-mm tag with cap was rejected. Long-
term tag retention did not differ among tag types
(adjusted 3* =4.26, p=0.833, df = 8), and mortality did
not differ among control and tag-type groups (adjust-
ed > =3.72, p = 0.882, df = 11) 371 d after tagging.

Retention of external PIT tags and recapture of mussels in
the field

Overall, ~93% of the recaptured tagged mussels
retained the PIT tag (Table 3). Recapture rates with
PIT-pack searches with visual confirmation exceeded
recaptures from visual searches alone at all study sites
during June and July 2005 (adjusted x> = 10.198, p =
0.0014, df = 1; Fig. 1). During June and July 2005 and
July and August 2006, we used a combination of visual
searches alone and PIT-pack searches with visual
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TaBLE 2. Percent mortality and % tag retention (60 d and 371 d after tagging using the mantle-incision method) of eastern
lampmussels with internal passive integrated transponder tags in field enclosures in Unity Pond, Maine.

60 d after tagging

371 d after tagging

Treatment % mortality % tag retention % mortality % tag retention®
23-mm tag (n = 43) 0 98 2.5 97.5
12-mm tag with cap (n = 41) 0 100 0 97.4
Control (no tag) (n = 27) 0 - 43 -
? Includes mussels that died with retained tags
confirmations to recapture 77% of externally tagged Discussion

mussels at Unity Pond and 80% of externally tagged
mussels in the Sebasticook River (combined results
from 2005 and 2006 recaptures). In Sandy Stream,
where ice scouring and spring flooding reconfigured
the substrate, we recovered only 25% of the tagged
mussels. Ninety-five percent of the mussels we did
recapture were found using PIT-pack searches with
visual confirmation, and only 1 mussel was found
using visual searches alone. In Sandy Stream, we
found 71% of recaptured mussels >100 m from their
October 2004 locations, whereas we found recovered
mussels in Unity Pond and the Sebasticook River <2
m from their September-October 2004 locations.
Seventeen percent (Unity Pond), 17% (Sebasticook
River), and 3.5% (Sandy Stream) of the recaptured
mussels found with the PIT pack were completely
burrowed into the substrate (Fig. 1). We found most
burrowed mussels within 6 cm of the sediment
surface. However, the PIT pack detected 1 tagged
(23-mm tag) living mussel burrowed 45 cm into the
substrate and 3 tagged dead mussels 20 to 30 cm
below the substrate surface in Sandy Stream. We also
found 1 dead mussel with a PIT tag during shore
sweeps at the Sebasticook River site.

Tagging methods

Low mortality (<2%), high tag retention (~97%),
and evidence that tags had fused to the shell 3 to 4 mo
after tagging suggest that internal PIT tagging using
the mantle-incision method may be a viable method of
tagging thick-shelled freshwater mussel species that
can be pried open for tag insertion without damaging
the shell. Long-term survival of captive freshwater
mussels is low (Patterson et al. 1997, 1999, Nichols and
Garling 2002), and high mortality of captive mussels in
our study (73-93% 255 d after tagging) might be
attributed to inadequate nutrition, winter water
temperatures in the ARC that exceeded temperatures
at the mussel collection sites, and physiological
stresses experienced by captive mussels that were
gravid when captured. The low mortality of mussels
tagged with the mantle-incision method and placed in
the enclosures at Unity Pond supports this assertion.
We strongly recommend field trials rather than
aquaculture experiments for testing methods intended
for use in the field to remove uncertainty of the effects
of captivity on mussel survival.

External PIT-tag retention also was high (~93%)

TaBLE 3. Percent recapture, % mortality, and % tag retention of externally passive integrated transponder—tagged eastern
lampmussels in translocation experiments within and among sites (~21 mo after tagging) in Maine.

Site® Treatment

Number tagged % recapture % mortality® % tag retention®

Translocated from Sebasticook River
impoundment

Translocated within Unity Pond

Site control (not moved)

Translocated within Sebasticook River
impoundment

Site control (not moved)

Unity Pond

Sebasticook River

Total

29 93.1 0 100
32 74.2 0 78.3
30 63.3 0 89.5
30 93.3 0 96.4
30 66.7 6.7 100
151 78.0 1.3 93.2

? Sandy Stream data omitted because of winter ice scouring and spring flooding

P Percent mortality calculated only for recaptured mussels

¢ Retention calculated as % recaptured mussels retaining tags
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Fic. 1. Percentages of mussels externally tagged with
passive integrated transponder (PIT) tags recaptured using
different methods during June and July 2005.

when the PIT tag was completely encapsulated in
cement and the mussel was placed in water within 5
min of cementing. However, retention was more
variable with external tagging than with internal
tagging methods, and ranged from ~78 to 100% at
the Unity Pond site 9 mo after tagging. We attribute
low retention to incomplete coverage with cement.
Retention of tags completely encapsulated with
cement ranged from 89.5 to 100%. We observed
evidence of some cement loss from recaptured
mussels; occasional reapplication of cement will
ensure long-term retention of external PIT tags.
Internal tag placement via mantle incision is a viable
alternative to external attachment in environments
where tag loss from abrasion is likely.

Previous studies assessed external freshwater mus-
sels tagging methods with visual searches to relocate
mussels marked with numbered tags (Lemarié et al.
2000) or coded wire tags inserted into mussels held in
suspended pocket-nets (Layzer and Heinricher 2004).
Both of these tagging methods resulted in higher tag
retention than in our study, but mussels tagged using
these methods can be detected only with visual
searches. PIT tags provide an alternative tool for
finding mussels, and this method is especially useful
for long-term monitoring or where visual searches are
impractical or time consuming.

Mussel recapture efficiency

The proportion of mussels visible at the substrate
surface may vary by locality, time of year, species, and
gender. Smith et al. (2001) detected only 31% of
clubshells (Pleurobema clava) at the substrate surface,
whereas 52% of northern riffleshells (Epioblasma
torulosa rangiana;, 80% females, 45% males) were
visible. Wick (2006) observed that >90% of eastern
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lampmussels had burrowed to 10 to 15 cm at Sandy
Stream by August, but only 26% had burrowed in the
Sebasticook River impoundment at that time.

Because the water was turbid, we found burrowed
mussels and mussels that would have been overlooked
had the sites been searched only visually. For example,
water clarity in Unity Pond was routinely poor, and
only 47% of tagged mussels were recaptured visually,
whereas 72% of tagged mussels were recaptured with
the PIT pack and visual confirmation. In the Sebasti-
cook River, where the visibility was compromised by
silt covering the mussels, the recaptures with the PIT
pack and visual confirmation (80%) were >2X those of
the visual searches alone (29%). Initially, PIT tags also
provided a visual cue of tagged mussels in clear water,
but after several months in the water, the cement was
stained or covered with algae and indistinguishable
from the shell. When first applied, the white cement
might provide a visual cue to predators, but only 1
shell was found in a shoreline midden in our study.
Tinting the cement a dark color might eliminate this
possible problem.

Low recaptures in Sandy Stream probably were
caused by extensive downstream displacement of
mussels in late winter and early spring when ice scour
and high water flows during snowmelt reconfigured
the stream bottom. The low recapture rates of PIT-
tagged mussels at this site were attributed to tag loss
from severe abrasion, burial in sediment beyond the
detection limit, or transport beyond the regions
searched.

Limitations of PIT tags in field applications

Debris on the substrate and signal interference
caused by nearby iron objects (Hill et al. 2006) can
affect reliability of the PIT pack. The antenna config-
uration we used also is limited to sites with water
depth <2 m. Maximum effective depth and antenna
range are not necessarily uniform among sites; these
limitations should be identified at each field site so that
mussel absence can be distinguished from nondetec-
tion caused by equipment limitations. Reducing the
antenna size for use while snorkeling, waterproofing
the PIT pack for diver use, and lengthening the
antenna handle are modifications that will broaden
field use of this tool. At present, PIT-tag use is limited
to larger mussels (length >20 mm). However, smaller
tags with greater detection ranges are in development,
and eventually it should be possible to tag smaller
mussels, at least externally. Although internal tags
were retained, the ~3-wk captive period to ensure tag
retention could limit the usefulness of internal tags.
Internally tagged mussels should be held in field
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enclosures during the initial posttagging period when
tag rejection may occur. Retaining a subset of
internally tagged mussels may be a viable alternative
for estimating tag retention proportions when large
numbers of mussels are translocated.

The initial cost of the PIT tags and reader may
exceed start-up costs for other mussel-tagging meth-
ods. The PIT pack (transceivers, batteries, antenna) we
used cost ~$10,000 to construct and was designed for
research on a variety of organisms such as fish,
mussels, and amphibians. Smaller units can be
developed for ~$2500. The PIT tags we used cost
$3.50 each, but the tags work indefinitely. On the other
hand, the percentage of tagged mussels recaptured
using PIT tags far exceeded the percentage recaptured
during visual searches. Visual searches can be time
consuming and labor intensive. For long-term moni-
toring of individuals and populations, the added
initial costs may be recouped over time, and it may
be possible to share the costs with other investigators
using PIT tags.

In conclusion, PIT tags permit repeated, nondestruc-
tive sampling of individuals with little disturbance,
last indefinitely, and appear to have negligible effects
on short-term survival of freshwater mussels. PIT tags
were retained using both internal and external
attachment methods. Thus, the choice of tagging
method will depend on shell thickness, habitat
characteristics, and ease of implementation in the field.

The need for freshwater mussel translocations to
protect and conserve threatened and endangered
mussel species will increase as aquatic habitat alter-
ation continues. Superior recapture rates with PIT tags
suggest that this tool is valuable for use in mussel
translocations and monitoring and may improve
accuracy of survival estimates for assessing transloca-
tion success. Because PIT tags have indefinite longev-
ity, they can be used in monitoring both translocated
mussels and populations at sites of concern, especially
populations of endangered or threatened species.
Moreover, because PIT tags provide reliable individual
identification, they may be a useful tool for monitoring
the growth and survival of individual mussels.
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