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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 only minimally
successful possibly due to factors such as improper site selection and handling techniques.
Guidelines for relocation site selection and unionid handling were developed from reviewing
literature and contacting knowledgeable researchers. These guidelines were used during imionid
relocations on the Elk River, West Virginia; Meramec River, Missouri; St. Croix River, Wisconsin-
Minnesota; and the Wolf River, Wisconsin. Stream characteristics, collection and relocation
conditions, and species varied among relocations. Preliminary results suggest that these reloca
tions were successful. Observed mortality 1 month and 1 year following relocations was negligible
(0 to 1%), and recovery ranged from 50% to 96%. We suggest the following guidelines for future
relocations: (1) use field personnel that are familiar with unionids, (2) select a relocation area with
stable substrate and a similar unionid community that is near the collection area, (3) keep animals
moist or in water and minimize out-of-water time, (4) avoid extreme temperatures, and (5) avoid
crowding animals.

I n t r o d u c t i o n

Modifications of our rivers, such as impoundment,
channelization, dredging, instream construction,
and the resulting siltation and hydrological changes,
are often cited as the primary reasons for the decline
of unionid species (Stansbery 1970,1971; Stein 1972;
Yokley 1976; Suloway et al. 1981; Miller et al. 1984;
Williams et al. 1992; Parmalee and Hughes 1993;
Hartfield 1993). A high percentage of North Ameri
can unionids are presumed extinct, threatened,
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
some states requires that impacts to these species be
minimized, and if impacts are imavoidable, that
they be mitigated. Relocating unionids from
instream construction, impoundment, and
channelization areas has often been used to mitigate
impacts to unionids (Oblad 1980; Harris 1984,1986,
1989; Harris et al. 1992; Jenkinson 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).

Dunn (1994) and Cope and Waller (1995)
reviewed literature and Dunn (1994) contacted
knowledgeable researchers on previous relocation
studies and found that habitat stability in the
relocation area (Sheehan et al. 1989; Dunn 1993;
Layzer and Gordon 1993) and handling methods

(Ahlstedt, pers. comm.; Harris, pers. comm.; Neves,
pers. comm.) were consistently noted as possible
reasons for relocation success or failure. Unionid
survival and/or recovery following relocation also
varied among species within most studies (Oblad
1980; Sheehan et al. 1989; Dunn 1993).

Habitat stability in the relocation area seems to
be a key factor. Low recovery was attributed to
changes in substrate or habitat in some relocations
(Sheehan et al. 1989; Hubbs et al. 1991; Dunn 1993;
Layzer and Gordon 1993), and Duim (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 unionid sensitivity to handling and few
studies have tested these effects (Waller et al. 1995).

Recommendations outlined 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 (Missouri), 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. Croix and Wolf River



Dunn and Sietman: Guidelines Used in Four Geographically Diverse Unionid Relocations 1 7 7

relocations included tests to substantiate handling
and placement techniques. Other monitoring
objectives included determining if mortality was
immediate or long term (St. Croix, Wolf, and
Meramec rivers), determining nonrelocated unionid
mortality (all relocations), determining adequacy 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 relocat ions.

Study Area
In May 1994,4,514 unionids were 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
typically a flowing gravel run, about 120 m wide
and 1.5 m 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 river-
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 Lampsilis abrupta (federally
endangered); Elliptio crassidens, Fusconaia ebena, and
Leptodea leptodon (Missouri endangered); Arcidens
confragosus and Plethobasus cyphyus (Missouri rare);
and Obovaria olivaria (Missouri watch list).

In July and August 1994,202 unionids were
relocated from a pipeline construction area 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, rims, 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 tondosa rangiana, Pleurobema
clava, and L. abrupta (federally endangered).

In August 1994 and August 1995,8,996 and
14,027 unionids, respectively, were relocated from I-
94 bridge construction and demolition areas in the
St. Croix River near Hudson, Wisconsin (Figure 1).

Figure 1. Distribution of unionid relocation studies.
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Table 1. Unionid species recorded from each of the relocation areas.

Specieŝ
M e r a m e c

R ive r2
E l k

R i v e r ^
St. Croix
R iver^

W o l f
R ive r^

Actinonaias ligamentina X X X X
Alasmidonta marginata X X
Amblema plicata plicata X X X X
Arcidens confragosus X

Ciimberlandia monodonta X

Cyclonaias tuberculata X

EUipsaria lineolata X X

Elliptio crassidens X X

Elliptio dilatata X X X X

Epioblasma torulosa rangiana X

Epioblasma triquetra X

Fiisconaia ebena X X
Fusconaia flava X X X X
F u s c o n a i a s u b r o t u n d a X

Lampsilis abrupta X X

Lampsilis cardium X X X X

Lampsilis fasciola X

Lampsilis higginsii X

Lampsilis ovata X

Lampsilis siliquoidea X X X X

Lampsilis teres X

Lasmigona complanata complanata X X

Lasmigona costata X X X

Leptodea fragilis X X X

Leptodea leptodon X

Ligumia recta X X X X

Megalonaias nervosa X X

Obliqiiaria reflexa X X X
O b o v a r i a o l i v a r i a X X X
O b o v a r i a s u b r o t u n d a X
Plethobasus cyphyus X
Pleurobema clava X
Pleurobema coccineum X X X
Potamilus alatus X X X X
Potamilus ohiensis X X

Ptychobranchus fasciolaris X

Pyganodon grandis X X X

Quadrula metanevra X X

Quadrula pustulosa pustulosa X X X X

Quadrula quadrula X X X

Simpsonaias ambigua X

Strophitus undulatus undulatiis X X X X
Toxolasma parvus X X

Tritogonia verrucosa X X X
Truncilla donaciformis X X X
Trunci l la truncata X X X
Utterbackia imbecillis X X

N o . o f s p e c i e s 3 3

^Nomenclature follows Turgeon et al. (1988) and Hoeh (1990).
2ESI (1995a)
3ESI (1993), USFWS (unpubl. data)

2 0 3 4 2 2

4Heath and Rasmussen (1990), ESI (1995b)
SMiller (1993), ESI (unpubl. data)
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The St. Croix River at this point (approximately river
mile 16.2) is a wide, riverine lake, which is pooled by
Mississippi River Lock and Dam 3. The navigation
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 4 to 6 m
deep. The water is fairly clear and substrate is
primarily sand with cobble and gravel in areas with
flow. The reach between river mile 17.6 and 16.2 is
listed as Essential Habitat for Lampsilis higginsii
(USFWS 1983). A total of 34 species has been
collected in the area (Table 1) including L. higginsii
(federally endangered); Cumberlandia monodonta,
Cyclonaias tuberculata, Ellipsaria lineolata, and Elliptio
crassidens (Wisconsin endangered); and Quadrula
metanevra, Simpsonaias ambigua, and Tritogonia
verrucosa (Wisconsin threatened).

In July 1995, 24,557 unionids were relocated
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 to 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 including
Epioblasma triquetra (Wisconsin endangered),
T. verrucosa (Wisconsin threatened), and Alasmidonta
marginata and Pleurobema coccineiim (Wisconsin
special concern species).

M a t e r i a l s a n d M e t h o d s

Before beginning each relocation, construction and
potential impact areas were delineated. An area
near the construction zone, with stable substrate and
an existing unionid community, was selected as the
relocation area, and 0.25 m^-quadrat samples were
collected by divers to determine substrate composi
tion and existing unionid community 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 during extreme hot or cold 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. Croix and Wolf River relocations, unionids
were quickly transferred from the river to a large
(1.1 m X 0.8 m x 0.8 m) flow-through holding 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 during sorting, counting,
marking, and measuring.

Unionids in the Meramec River relocation were

transported 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 most of the 180 m-walk.

Monitoring grids adapted from Waller et al.
(1993) were established in relocation areas. A
limited number of unionids were marked with a
sequential number (using a Dremel tool), measured
(length in mm), weighed (g), 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 monitored 1 month
following relocation to assess immediate mortality
and 1 year after relocation to assess long-term
mortality. One month following the St. Croix,
Meramec, and Wolf River relocations, a diver
searched grid and general relocation areas, collect
ing any marked and unmarked dead shells. One
year following all relocations (Meramec, St. Croix,
and Elk River completed to date), one half of the
grid cells were sampled by excavating the cells and
collecting all unionids.

Observed mortality refers to mortality esti
mated from recovered shells and live unionids, since
the fate of nonrecovered marked shells is unknown.
Recovery refers to the percentage of marked
unionids recovered during monitoring.

R e s u l t s a n d D i s c u s s i o n

Preliminary data for relocations conducted in
different rivers 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 Meramec
River relocations. Almost 600 unionids were
marked and placed in monitoring grids in each of
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the St. Croix River relocations, and only one 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 St. Croix River general relocation area, and
only six dead marked shells were observed in the
1995 St. 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, Meramec,
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 River, a 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
o b s e r v e d .

In the Meramec River no marked shells were
recovered and recovery of L. abrupta and f. ebena
was over 80% 1 year after the relocation (Table 3).
The only species with a low recovery rate (29%) was
A. confragosus, which is typically an active species
(Dunn, pers. obs.). In the St. Croix River, recovery
was lowest for Truncilla truncata (50%) and highest
for Q. metanevra (83%). Mortality was observed for
L. higginsii (one individual) and T. verrucosa (two
individuals). In the Elk River recovery was 100% for
all species except Quadrula p. pustulosa (60%) and no
marked shells were found.

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

should be followed for a successful relocation
i n c l u d e :

1. Use field personnel 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
animals in a natural position in the substrate, are
minimized by using personnel familiar with
unionid biology.

2. Select a relocation area with stable substrate and a
similar unionid community that is near the
c o l l e c t i o n a r e a .

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. Our goal
was to select areas with stable substrate and an
existing unionid community at least as species rich
and dense as the construction area and that was as
close as possible to the construction area. 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 gravel. However,
these areas probably have a high degree of substrate
and therefore unionid movement (Golightly 1982;
Vannote and Minshall 1982; Huehner 1987). Al
though this may be natural (Matteson 1955) and
may not result in unionid mortality, the probability
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 construction and relocation areas. The
variables determining unionid distribution are
complex and attempts to quantify microhabitat and

Table 2. Monitoring results 1 month after relocation.

S i t e Y e a r N o . m a r k e d N o . m a r k e d s h e l l s N o . m a r k e d N o . m a r k e d s h e l l s
unionids placed recovered in grids unionids placed recovered in

i n g r i d s i n g e n e r a l a r e a g e n e r a l a r e a

S t . C r o i x R i v e r 1 9 9 4 5 9 8 1 8 , 3 9 8 3
M e r a m e c R i v e r 1 9 9 4 6 1 0 4 , 4 5 3 N S
E l k R i v e r 1 9 9 4 1 0 0 N S 1 0 2 N S
W o l f R i v e r 1 9 9 5 8 3 1 0 2 3 , 7 2 6 6
S t . C r o i x R i v e r 1 9 9 5 5 9 1 1 1 3 , 4 3 6 6

NS=Not sampled
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determine variables useful in predicting unionid
distribution have met with little success (Strayer
1981; HoUand-Bartels 1980; Strayer and Ralley 1993).
A seemingly suitable area currently devoid of
unionids may support unionids; however, unknown
variables may be preventing natural unionid coloni
zation. Selecting a relocation area with an existing
unionid community reduces the chance of choosing
unsuitable unionid habitat.

3. Keep animals moist or in water and minimize out-
o f - w a t e r t i m e .

Unionids require humid conditions for gas
exchange, and keeping animals moist will enhance
survival (Waller et al. 1995).

4. Avoid extreme temperatures.
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
unionids held out of water on hot or cold days.
Unionids should be relocated under moderate air
and water temperatures, and animals should not be
exposed to extreme cold or heat.

5. Avoid crowding animals.
Overcrowding may have negative effects on

unionids due to waste accumulation and oxygen

Table 3. Monitoring results 1 year after relocation.

Species
No. placed in
sampled cells'

No. col lected
l i v e

No. shel ls
co l lec ted

P e r c e n t

recovered
l i v e

M e r a m e c R i v e r
Arcidens confragosus
Fusconaia ebena

Lampsilis abriipta
O b o v a r i a o l i v a r i a

St . Croix River
Amblema plicata plicata
Cyclonaias tuberculata
Ellipsaria lineolata
Elliptio crassidens
Fusconaia flava
Lampsilis higginsii
Obliquaria reflexa
Quadrula metanevra
Tritogonia verrucosa
Trunci l la truncata

E l k R i v e r
Actinonaias ligamentina
Elliptio crassidens
Fusconaia flava
Fusconaia subrotunda

Lampsilis ovata
Quadrula pustulosa pustidosa

'Only half of the cells in each grid were sampled.
^Animal 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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