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ABSTRACT.—We used a mark-recapture method to measure survival of a native wnionid
mussel, Amblema plicata, at sites with low, moderate and high zebra muassel (Dreissena poly-
movpha) densities (mean values = sk equaled (.4 * 0.2, 50.5 = 13 and 1750 % 260 individ-
uals/m? respectively) in the Mississippi River, Minnesota, and at one site witheut D. polymor
pha in the Otter Tail River, Minnesota. In 1996 240 A. plicata from each site were uniquely
marked. In 1997, 1998, 1999 and 2000 marked mussels were recovered; identified; survival
determined; and, if alive, they were returned to the substratum. Mean annual survival dif-
fered significantly among sites (x? = 4.08, df 3, P < (.0001). Mean.annual survival-rates-in

-the. Mississippi.River's-low infestation.population: (EOW)-wete- 9% £:0:36-and §9=r-1:2%

sinsthe-mederatelyinfested.populadon4MOD),while.survival.at-the. highly-infested:popula:
tion.(HIH).was:65 :#:7:8%. Mean annual survival for the Otter Tail River population (REF)
of A, plicata was 98 * 0.5%. Results demonstrated that A. pliceta has high mean annual
survival (=97%) in natural habitats that are not colonized by D. polymorpha and the survival
rates decline significantly relative to increases in D. polymorpha densities.

INTRODUCTION

Zebra mussels (Dreissena polymorphay (Pallas 17713, introduced to North America
Furope in the 1980s (Hebert e @, 1989), are considered a major threat to native m
populations (Ricclardi er afl, 1998). Evidence of the effects of zebra mussels on
mussels has been based on correlations between increased abundance of D. polymorph
decreased abundance of native species (Haag ef ¢, 1993; Gillis and Mackie, 1994; Ricc
et al., 1995, 1998; Schloesser et al., 1996, 1998). However, native mussels had been dect
in much of North America since the early 1900, long before the appearance of D.
morpha, with losses auributed to commercial harvest, water pollution and habitat d
dation {Smith, 1919; Thiel, 1981; Williams & af., 1993). In many locations, these thre:
native mussels are present in addition to D. polymorpha, and it is impossible to isolat
effect of D. polymorpha alone using correlative evidence. This concern over the loss ofy
mussels due to D, polymerpha colonization (Haag et al., 1993; Gillis and Mackie,
Nalepa, 1994; Ricciardi ef al,, 1995, 1998) suggested to us the necessity and urgenc
direct measurements of native mussel survival, simulating the initiation of this study.

However, the measurement of survival rates in populations of most animals is extre

1 Present address: Minnesota Deparunent of Nataral Resources, Division of Ecological Services
nerd 55401
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Frc. 1.~—Map of the locations where the mark-recapture populations of Amblema plicata were loc:
in the Mississippi and Outer Tail rivers, Minnesota

difficult, generally indirect and frequendy unrelizble (Menkens and Boyce, 1993). C
monly used indirect methods, such as “life tables” and “catch curves” involve untest:
assumptions such as population stability and a stationary population (D. Anderson, G
rado State University, pers. comin.}, typically incorporate complex statistical models :
may require large samples of tagged individuals in multiple categories such as different
groups (Menkens and Boyce, 1993). Therefore, we chose a direct measurement of surv
using a mark-recapture study design and recorded the fate of marked individuals for sew
years (Qus e al., 1978; Seber, 1982).

The objectives of this study were to determine survival rates of native mussel populati
in natural habitat without Dreissena polymorpha and in areas colonized by D, polymory
Lake Pepin, a natural widening of the upper Mississippi River at the southeastern bor
of Minnesota with Wisconsin, provided an opportunity to directly measure survival of na
mussels in their native habitats and in the presence of varying densities of D. polymory
A reference population was also selected in the Otter Tail River in west central Minnes
where ). palymorpha does not yet occur

We report mean annual survival rates of a native species of mussel in areas not prese
colonized with Driessena polymorpha and compare them to survival rates measured in
cations currently colonized by varied densities of D. polymorpha.

METHODS
Study arveas—This study was initiated in 1995 in the Mississippi and Otter Tail riv
Minnesota (Fig. 1). Seven mussel beds that had been quantitatively sampled in Lake Pe)



256 THE AMERICAN MIDLAND NATURALIST I46(2

Mississippi River in the summer of 1995 (Hare, 1999) were categorized as having either los
(LOW, 0-10¢ individuals/m?), moderate (MOD, 25-100 individuals/m?®), or high (HIH
=250 individuals/m?) densities of Dreissena polymorpha. One bed from each category wa
selected for study. LOW, MOD and HIH infested populations were located at Methodis
Point (River Mile, RM 77%), Hok Si La (RM 776) and King’s Coulee (RM 767), respectivel
(Fig. 1). Densities of I, polymorpha at the LOW, MOD and HIH beds averaged 0.4 += 0.2
505 £ 13 and 1750 = 260 individuals/m?, respectively (Fart, 1999). The Otter Tail Rive
population (REF) was randomly selected from a pool of mussel beds known to have Aw
blema plicata {Say 1817) population densities similar to those in Lake Pepin but lacking I
polymorpha (Hart, 1995, 1999,

Mussel marking and recapture—TIraring the summer of 1996, 240 Amblema plicata (961
total}y were collected by divers using scuba at each mussel bed. Mussels were held at th
substrate water interface in mesh bags tied 1o the work boat. During processing mussel
were held on the boat in 20-iter pails of water. Waler in the pails was exchanged after ever
10 mussels weve processed to minimize stress. Maximum shell length and height were mea
sured for each mussel, and individuals were marked with a predetermined code etched ints
the right valve of the shell using a batterv-operated Dremel” tool. If ). polymorpha wer
attached ro the marked native mussels, they were counted and left on the individual.

Marked mussels were placed in open corrals at each site. Gorrals were primarily designet
to assist the diver in relocating marked mussels, while sgll allowing for moverment of union
ids within a reasonably confined area. The corrals were constructed from 20, 14 cm higl
*¥ 60 cm diameter fences eut from plastic barrels and attached to a 240 cm X 600 co
wooden frame. One frame per site was anchored o the river bed with concrete blocks an
12 marked Amblema plicata were hand placed in each of the 20 corrals attached to th
frame. Site locations were recorded with a global positioning system.

During July or Auguast 1997 and 1998, and 2000 at the MOD and RET sites, and July o
Augast 1997, 1998, 1999 and 2000 at the LOW and HIH sites, marked mussels were recoy
ered by divers and returned wo the boat. Mussels were identified by their unique number
and measured for shell length and height. If the mussel was alive, it was returned to th
corral. Unfortunately, we were unable to recover marked mussels from the MOD and RE
sites in 1999 because of expense and fime consiraints.

Data anadysis.—Survival rates for marked russels were calculated using the sofiware pre
gram MARK (White and Burnham, 1999), a commercially available program obtainabl
without cost from Colorado State University’s website. We used the Burnham model cor
tained in MARK that uses information from both encounters of live and dead marke
animals (White and Burnham, 1999}, as well as information from missing individuals, Thi
method estimates the fidelity, i.e., the probability that the animal remains in the area an
is available for recapture (White and Burnham, 1999}, Therefore, this model aliows for th
estimate of the survival probability and not apparent survival as is the case when using onl
live recapture data (White and Burnham, 1999}, Survival rates were compared among site
using chisguare tests (Sauer and Williams, 1989) and sequential Bonnferoni, a-posisrio
adjusted comparisons (Rice, 1990).

In our analysis mussels that were not collected again after initial marking were not use
in the survival calculations. However, mussels that were missing after initial marking an
subsequently found after 1, 2, or 3 y were included in the analysis. Therefore, the surviv
rates we report are calculated on those mussels collected throughont the study using th
joint Burnham model in program MARK (White and Burnham, 1993},

To alleviate our own concerns about how the exclusion of the missing mussels may hav
affected the cafculation of survival rates, we took the advice of G, White (Colorado Stat
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P16, 2 —Comparisons between mean annual survival rates of Amblema plicate populations as a |
ton of low (LOW, (0-10 individuals/m?), moderate (MOD, 25-100 individuals/m?), high (HIH, >
individuals/m?) or no (REF) Dreissena polymorpha colonization densities from 1396-2000. Similar le
above histograms indicate a fack of significant differences among LOW, MOD, HIH or REF popula
(mean £ s¢; chissquare test, P > 0.05)

University, pers. comm.} and performed an additional analysis which included the mis
individuals, There was no difference in the survival rates measured, whether missing i
viduals were included or not, while using the joint Burnham model {White and Burnl
1999). Therefore, our approach of not including the missing mussels in the caleulat
was deemed acceptable (G, White, pers. comm.). It shonld be noted, however, that
recapture rates we report were caleulated using data for all of the mussels that were o
nally marked at the beginning of the study,

To test for differences i size distributions of marked Amblema plicata among sites, 1
sels were assigned o one of three size groups hased on inidal shell length: small (=72 v
medium (75 < X = 84 mm) or large (=84 mm). Differences in size distributions of ma
A. plicata among study heds were tested by calculating chisquare statistics from R
contingency tables (Zar, 1984). To maintain an overall error rate of (1L05, Pvalues for ¢
chissguare test and comparison of survival rates and size distributions were adjusted wi
sequential Bonnferoni correcton (Rice, 1996).

RESULTS

Mear annual survival and recapture of Ambleme plicata was high (>86%) for all ot
mussel populations we measured with the exception of the HIH bed. Mean annual sur
rates were different amaong sites, averaging 99 *+ 0.3% for the LOW population, 8
1.2% for the MOD population and 98 * 0.5% for the REF population, while sur
averaged 65.2 = 7.8% for the HIH population (x? = 84.08, df 3, P < 0.0061) {(Fig
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TaBLE 1 —Interyear survival probabilitics of marked Amblema plicata in the Mississippt and Ouer
Tail rivers under varying Dreissena polymorpha densities

Mussel Bed

Year LOW MOD Hix REF™
Survival Probabilities (SE)®

19961997 1.000 (0.600) 0.978 (0.009) 0,879 (0.023) 1.000 (0.006)
19971908 0.955 {0.013) (.934 (0.016) 0.596 (G.041) 0.966 {(0.012)
1998--1999 1.006 {0.000) 0.608 (6.063)
18962000 0.982 (0.007) 0.716 (0.021) 0,526 {0.096) 0.979 (0.009)
Mean Annuaal

1996-2000 0.893 ((.003}) 0.892 (0.012) 0.652 (0.078) 0.981 (0.005)

* Data are missing for 19981994 because of logistical consiraints, However, the joint Burnham model
we used to calculate survival rates accounts for these missing data during calculations (White and
Burnham, 1899)

" Standard errors (sE) of the survival probabilities are enclosed in parenthesis

There was no significant difference in mean annual survival between the LOW and the
REF beds {(x* = 2.94, df 1, P = 0.09). In contrast, mean annual survival rates were sig-
nificantly different between the LOW and MOD beds (x? = 65.36, df 1, P < 0.0601) and
the REF and MOD beds {x* = 47.93, df 1, P < 0.0001}, while mean annuoal survival was
significantly lower at the HIH bed compared to the LOW bed (x? = 1897, & 1, P <
0.0001), REF bed {(x? = 17.83, df 1, P = G.0001) and MOD bed (3% = 9025, df 1, P =
0.002) (Fig. 2). Survival rates within the HIF and MOD populations began to decline
only 2 v after initial marking (Table 1).

Recapture rates of Amblema plicata from the LOW, MOD and REF populations averaged
898%, while the recapture rate for the HIH population equaled 85%. The probability of
mussels remaining in the area and available for recapture, i.e., fidelity, was also high at all
of the beds {>95%), indicating that the mussels did not tend to emigrate, or be taken {e.g.,
by predators) from the marking sites,

We tested for differences in size distributions of the marked mussels among sites, This
analysis was done to determine if size, an indicator of age, inflacnced survival, Size distri-
butions of marked mussels were not significanty differenc for the LOW and HIM mussel
populations (¥* = 1.38, df 2, P = 0.50) (Fig. 3). Size distributions were significantly different
for the LOW and MOD populations (¥ = 32,65, df 2, P < (.0004) and the MOID and HIH
populations {x? = 18.62, df 2, P < 0.0004}, whereas the REF population’s size distributions
were significantly different from all other populations (P’ < (.0005) (Fig. 3).

Because the concern over the effects of Direissena polymorpha on native mussels stimulated
this research, the differing survival rates among the mussel beds with and without I3, poly
morpha colonies prompted us to investigate the abundance of D. polymorpha colonized on
cach Ambleme plicata within the populatons, The average number of D, polymorpha at
tached to marked A. plicaia {(colonization rates) at the LOW and MOD populations was
significantly less than the HIH population in all years, whereas the number of D. polymorphic
attached to marked A. plicata at the LOW population was significantly less than the MOL
population in 1998 and 2000 (ANOVA and Tukey’s muliiple comparison tests, F = 181.14
df 12, 2604, P < 0.001) {Fig. 4). Also, due to the large increase in the numbers of D
poelymorpha attached to the marked A. plicate at the HIH population in 20600, we were
unable to count the actuzl numbers of D. polymorpha colonized upon them with out the
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F16. d—~Comparisons of relative size distributions (small (=72 mm), medium (73 < X < 84
large (=84 mm}} among marked Amblema plicata populations. Similar lerrers above histograms inc
a lack of significant differences among LOW, MOD, HIH or REF populations (chi-square tesg,
0.05)

pessibility of inadvertently removing them. Using a comparable sized subsample we
mated the numbers of D. polymorpha attached to the marked A. pliceta at the HIH p
lation in 2006. Therefore, we did not include standard error bars for the aumber ¢
pobymorpha attached to A, plicale at the HIH population in 2000 (Fig. 4).

DiscussIion

Using a mark-recapture study design we directly measured the survival rates of t
populations of Amblema plicate in Lake Pepin, Mississippi River, and one population «
plicata in the Otter Tail River. Mean annual survival rates for the four A. pheata m
populations ranged from -65:7:8:t0:99-£-0:8% among the-fouryears of study. In hal
of the Mississippi and Otter Tail rivers subjected to low numbers of or no Dreissena
morpha, mean annual survival of A. plicata was high for the 4 y of this study and was
significantly different between the LOW and REF populations (=97%, x2 = 2.94, df
= .09}). Survival rates declined significantly with an increase in I3, polymorpha coloniza
Mean annual survival of A. plicata was significantly fower at the HIH bed (65%) comp
1o all other mussel populations (Z89%) studied {x? = 84.08, df 3, P << 0.6001).

The population of Amblema plicate with the lowest mean annual survival (65 = 7.
located at the HIH bed, coincided with the bighest population densities of Dreissena
morpha within Lake Pepin (Hart, 1999} and had the greatest numbers of D. polyme
attached to the marked individuals. Additionally, mean annual survival rates were statistj
the same at the LOW and REF populagions, even though they differed stightly in size
tributions. The size disiributions of marked mussels at the REF and MOD beds were
ferent from hoth the HIH and LOW beds, yet the A, plicata at the REF and MOD
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FiG. 4—Colonization rates (the mean number ol Dreissena polymovpha/ Amblema plicatay of D. po-
lymorpha upon marked A. plicata from 1996-2000. Values are the mean {* se) number of D. folymaor
phal/marked A, plicate. Marked A. plicata and I polymorpha were not retrieved from the MOD pop-
utation in 1999 due to logistical constraints. Standard errors are not presented for D, polymorpha
colonization rates at the HIH population for 2000 because the large number of D polymorpha present
upon the marked A, plicaia prevented counts. Colonization rates of D, polymorpha for the HIH pop-
ulation during 2000 were estimated from subsamples

had survival similar to the LOW bed. Furthermore, the LOW and HIH beds had statistically
the same size distributions, vet differed in mean annual survival, 98 = 0.3% and 65 + 7.8%,
respectively (x* = 1847, df L, P < 0.0001). Therefore, we believe the size of the mussels
in these populations did not coniribute to the differences in mean annual survival measured
in the present study.

At the initiation of this study in 1995 Dreissene polymorphe densities equalied 1700/m? at
the HIH bed and increased to over 4100,/ m? by 1997 (Hart, 1999). Dreissena polymorpho
colonizations and densiies at the LOW and MOD beds in Lake Pepin did not change
during this study, remaining near their 1995 levels through 1997 {Hart, 1999}, Accordingly.
we believe the difference in survival of Amblema plicaic between the HIH and all other
beds was due to the higher levels of D. polymorpha colonizations found within the HIH bed.

Ricciardi & 2l (1995) predicted severe mortality {>90%) when densities of Dweissenc
polymorpha reach about 6000 mussels/m?* and 100 L. polymorpha/unionid. By comparison
we noted 35% mortality of Amblema plicaia as D. polymorpha densities rose from 1700 to



2001 HART ET AL.: SURVIVAL OF MUSSEL

4100G/m* {near the end of the study}, and colonization averaged close to 160 D, polymorp
unionid. The lowered survival of unionids we measured in arcas with relatively low numl
of D). polymorpha at the MOD bed, ranging from 10-50/m?* during this study (Hars, 19!
indicate that populations of colonized mussels are at higher risk than previously de
mented. Cope & al. (1997} reported that some areas of the Mississippi River had dens
of D. polymorpha averaging over 11,000/m? This density is higher than was measurer
the present study (<3000/m?} and would therefore be sure 1o cause higher unionid =
tality {Ricciardi e al, 1995)

it is apparent that survival of Amblema plicata does not decrease immediately after D
sena polymorpha colonization. Survival rates for the D). golymorpha colonized HIH popula
began to decline precipitously 2 y after initial marking and continued to decline through
the study. Declines in survival rates of the MOD population did not become evident v
2y after the study began, whereas the survival rates for the LOW and REF populat
remained relatively high through 2000. This delayed decline in survival measured at
HIF: and MOD beds was also revealed by Haag ef al (1993). Haag ¢ al’s (1993) swud
Lake Erie revealed that while mortality of A. plicate did not increase during their 3
experiment, glycogen levels for ). polymorpha colonized mussels declined. This lowerin
glycogen levels of infested A. plicata indicates that energy stores would be reduced «
time (Haag ef al, 1995; Baker and Hornbach, 2000} and an increase in mortality we
occuy, thus resulting in the delayed declines in survival rates that we measured in
present stuy.

Hart (1999) reported the initial occurrence of Dreissena polymorpha in Lake Pephn
1991, Therefore, the marked mussels in the HIF and MOD site were possibly colonize
D. polymorpha for at least 4 v before we initiated our study in 1995, It may have taken
long for their accumulated energy stores to fall to levels sulficienty low enough to ¢z
death of the colonized Amblema plicata (Haag ef al., 1993; Schlocesser et al, 1998; B:
and Hornbach, 2000}). While we did not measure mortality as high as Ricciardi « el {19!
we believe that as densities of D. polymorpha and colonizations of unionids increase in
upper Mississippi River (Hare, 1999} lowered unionid survival will become more evic
{Miller and Payne, 2000},

The present study revealed that it may take several years of following individually mar
animals to fully measure the effects of Dreissena polymorpha on native mussel populad
in the Mississippi River system. By directly measuring survival of native mussels in sin
habitats with varying or no D. polymorpha infestation we have revealed for the first t
that the native mussel species Amblema plicata has high natural survival rates and we b
provided insight into how quickly these rates can be altered by exotic species invasions

We recommend that management practices aimed at mitigating the affects of Dreis:
polymorphe on Amblema plicata populations and mussel communities as a whole be im
mented. While.some researchers-have-advocated the physical-removal of D polymorphati
infested.nnionids-as-a-potential-management-practice-(Schloesser; 1996}, this-proced
has.netwith-limited-success(Schloesser; 1996, Hartel-al; 2001 . Thereforesamore pr
ising mitigation. method may.incude. the. translocation-of-unionids-into-suitable-hab;
{Gope.and. Waller;-1995;-Ricciardi-ef-ali- 1998} -which-are-at-low. risk--of D polymor
invasion..(Schneider.et.al.,-1998; Kraft-and Johnson; 2000},

Acknowledgments.—We thank W, Popp, T. Schlagenhaft, D. Sogla, B, Knudsen and others from
Minnesota Department of Natwrad Resources Lake City field office for their assistance. (. White
Johnson, . R Anderson and K. Burnham provided useful discussion of survival estimation proced
C. Doetkott and |. Stockrahm provided additional statistical assistance. Thanks to K. Zimmer an



262 THE AMERICAN MIDLAND NATURALIST 146¢Z

Payne for their helpful suggestions and editing advice, and R. Cullen, 8. Johnson, D. Kelner, §, Mille:
J. Mitchell, E. Peterson, 8. Sherraden, 8. Taylor and M. Wipf for the collection of field data. Insightfi
comiments by two anonymous reviewers and R Mclntosh improved the manuscript.

This study was supported by the U.S. Army Corps of Engincers, Waterways Experiment Statior
Vicksburg, Mississippl; Minnesota Department of Natural Resources, Ecological Services Section, Lak
City office; Minnesota Non-game Wildlife Tax Check-off; the Reinvest in Minnesota Program throug]
the Minnesota DNR, Section of Wildlife, Natural Heritage and Non-game Research Program and th
Department of Zoology, North Dakota State University, Fargo.

LireraTure Crred

Basxr, 5. M. anD D . Hornsacs, 2000, Physiological status and biochemical composition of a natar:
population of unionid mussels (Amblema plicaia) infested by zebra mussels (Dreissena polymo
pha). Am. Midl Nat., 143:445-452.

Corg, W. G, M. R Barrscrs aNp R R, Havpen. 1997, Longimdinal patterns in abundance of the zebr

mussel (Dreissena polymorpha} in the upper Mississippi River, . Freshwater Ecol., 12:235-25%

AND DL L. Warrpr, 1995, Evaluaton of freshwater mussel relocation as a conservation an

management strategy. Regulated Rivers: Research and Management, 11:147-155.

s, PoL, ann G, Lo Mackis, 1994, Impact of the zebra mussel, Dreissena polymorpha, on populatior
of Unionidae (Bivalvia) in Lake St. Clair. Can. [ Zool., 722601271,

Haac, RoW., D, J. BERG, DD, W, GarTon anp J. L. Farris, 1993, Reduced survival and fitness in nativ
bivalves in response o fouling by the inwroduced zebra mussel (Dreissena polymorpha) Iin Wes
ern Lake Erie. Can. . Fish. Aguai. Sci., 50:13-19.

Harr, R A, 1995, Mussel (Bivalvia: Unionidae) habitat suitahility eriteria for the Ouer Tail River, MM

M.Sc. Thesis, North Daketa State University, Fargo. 60 p.

. 1999, Population dynamics of unionid mussels in Lake Pepin, Upper Mississippi River, Miz
nesora and Wisconsin. Ph.D. Dissertation, North Dakota State University, Fargo, 162 p.

. M. Davis, ] W, Grizr anp Ao G Mioier. 2001, Survival of unionids following remaval ¢
attached zebra mussels. [ Freshaoater Ecol., 16(1):29-33.

HeperT, P. DN, B. W, MuncasTER AND G. L. MACRIE. 1989, Ecological and genetic studies on Dreissen

polymorpha (Pallas): 2 new mollusc in the Great Lakes. Can. [. Fish. Aquat. Sci., 46:1587-159"

Krarr, C, E. anp L. E. Jornson, 2000, Regional differences in rates and patterns of North America
inland lake invasions by zebra mussels (Dreissena polymorpha). Can. . Fish. Agquai. Sci., 5
9931001,

Mengens G. B, fr. anp M. S, Bovee. 1993, Comments on the use of dme-specific and cohort life table.
eology, T4:2164-2168.

MitiER, A. G anD B. S, Pawny. 2000. Effects of zebra mussels {(Divissena polymonpha) on. native musse
(Family: Unionidae) in the inland waterway system. p. 45. Abstracts of the Proceedings of th
10™ Internatonal Aquatic Nuisance Species and Zebra Mussel Conference, Toronto, Ontaric
{anada.

Navrra, T. F. 1994, Decline of native bivalves (Unionidae: Bivalvia) in Lake St Clair after infestatio
by the zebra wussels Dralssena polymorpha. Can. [ Fisk. Aquat. Sci., 51:2227-2233,

Oris, D. L., K. P Burnam, G, G Warre anp D. R, Anprrson. 1978, Suadstical inference from captur
data on closed animal populations. Wildl, Morogr, 62:1-135.

Ricciarny, A, R ] NEvES ann | B, Rassussen. 1998, Impending extinctions of North American fresl
water mussels {Unionoida) following the zebra mussel (Dveissena polymorpha) invasion, /. Anin
Eeol, 67:615-619.

, F. G WHORISKEY AND ]. B. Rasmussion. 1995, Predicting the intensity and impact of Dreissen
infestations on native unionid bivalves from Dreissena field density. Can. [ Fish, Aquat. Sci
52:1440-1461.

Ricg, W. R. 1990, A consensus combined pvalue test and the family-wide significance of componer

tests, Biometrics, 46:303-308.

Saver, J. R.anD B, K. Wintiams 1989, Generalized procedures for testing hypothesis about survival ¢

recovery rates. J. Wildl. Manage., 53:137-142.




2001 HART ET AL.: SURVIVAL OF MLUSSEL 2

SCHNEIDER, . W., C. D. Errrs anp K 8 Cummings, 1998, Assessing the risk to native mussel comr
nities of zebra mussel spread. Conserw. Bio., 12:788-800.
Serrozsser, D WL 1996, Midgation of unionid mortality caused by zebra mussel infestation: Clean
of unionids, N, Am. J. Fish. Man., 16:942-948.
, W, P. Kovarax, G. . Loncton, K. L. OaNESORG aND R, D, SMITHEE. 1998, Impact of zel
and quagga mussels (Dreissena spp.) on freshwater untonids (Bivalvia: Unionidae) in the
troit River of the Great Lakes, Awm. Midl Nat., 143:295-513.
, T F Naripa anp G, L. Mackie. 1996, Zebra mussel infestation of unionid hivalves (Unionid
in North America. Am. Zool., 36:300-310.
SEBER, . A. F. 1982, The estimation of animal abundance and related parameters, 2nd ed. Cha
Griffin and Co., Lid.,, London, 506 p,

Sarr, H. M. 1919, Freshwater mussels, a valuable national resource without sufficient protection. I
Bur Fish,, 43:1-5,

T, P A, 1981, A survey of unionid mussels in the Upper Mississippi River {Pools 3 through i
Technical Bulletin Number $24. Department of Natural Rescurces, Madison, WIL. 24 p.

WarLer, [ L., 1. I Racs, W, G. CopE AND G. A, MILLER, 1995, Effects of handling and aerial expos
on the survival of unionid mussels. J. Freshwater Ecol., 10:199-207.

WarTE, G. €. AND K. P, BupNHAM. 1999, Program MARK: survival estimation from populations
marked animals. Bird Study 46 (suppl.), 5120-130.

WiLLiaMs, J. D, M. L. Warren, Jr., Ko 5. CumMyiNgs, . L. Harras and R, [, Neves. 1993, Conservat
status of freshwater mussels of the United States and Canada. Fisheries, 18:6-22.

Zar, }. M. 1984, Biostatistical Analysis, Prentice-Hall, Englewood Cliffs, NJ. 718 p.

SUBMITTER 23 OCTOBER 2600 ACCEPTED 8 MARCH 21






