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Abstract. The importance of freshwater mussels is well recognized in river ecosystem dynamics as 
indicators of environmental conditions and as endangered species. Rapid mussel-sampling methods 
that accurately measure abundance and mussel species richness (number of species present) are 
needed. The more traditional method of 1m2 quadrat searches was tested against a new method of 
sampling 1 Om lengths of stream from bank to bank. Data collected during the summer of 1998 from 
Cannon River watershed streams near Northfield, MN, was used to compare the ability of quadrat and 
1 Om sampling techniques to measure mussel species richness and density. A better estimate of species 
richness was provided by 1Om searches, and 1Om searches generally required fewer sampling units 
than quadrat searches to reach an acceptable level of precision for density measurements. Although 
under certain conditions 1Om searches are more time-consuming than quadrat searches, 1 Om stream 
segment searches appear to be a viable alternative to quadrat sampling in rivers. 

Introduction 

T he value of freshwater mussels in moni- 
toring and detecting pollution is increas- 
ingly recognized (Day et al., 1990; Met- 

calfe and Charlton, 1990). Mussels siphon water 
to feed and breathe, and therefore encounter 
most substances in the water. They store many 
pollutants in their shell and fatty tissues, and ex- 
amining the layers of the shell can shed light on 
water quality history. Mussels also have a large 
effect on phytoplankton populations because 
mussel filtering rates are high and phytoplankton 
are their main food source (Winter, 1978). 
Young mussels are an important food source for 
fish and small mammals (Cvancara, 1970). 

Many mussel species are also currently threat- 
ened or endangered (Strayer, 1980; DiStephano, 
1984; Miller et al., 1986) by habitat modification 
and the introduction of exotic mussel species 
(Tucker and Atwood, 1995; Baker and Horn- 
bach, 1997). 

Krebs (1994) defines ecology as the interac- 
tions that determine the distribution and abun- 
dance of organisms. To study mussel distribution 
and abundance, sampling of populations is re- 
quired. However, mussel distributions are 
known to be patchy, which necessitates that 
many sampling units be taken to gain acceptable 
levels of precision for population parameters 
(Elliott, 1977; Downing, 1979). Heterogeneous 
distribution of substrates and current velocities 
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in streams cause mussel distributions to be ag- 
gregated. Reproductive requirements of certain 
mussel species may also cause clumped distribu- 
tions. Mussels of some species need to be near 
members of the opposite sex because males se- 
crete their sperm into the water and females take 
up the sperm through their siphons (Kondo, 
1990). Fish distribution also is known to affect 
mussel distribution (Kelley and Ruessler, 1997). 
Young mussels (glochidia) are obligate parasites 
of fish; glochidia attach to the gills of fish and 
then drop off from a few days to weeks later. Fish 
habitat preferences or limits to fish movement 
(such as dams) may limit mussel distribution. 
Lastly, mussel populations are lower today than 
in the past. More sampling units must be taken 
from populations with lower density if an accept- 
able density precision is to be obtained. It is also 
difficult to gain accurate estimates of species 
richness from populations in which only a few 
individuals represent certain species. 

A study of mussels in the Cannon River wa- 
tershed during the summer of 1997 encountered 
difficulties sampling with quadrats; few mussels 
were found in areas where mussels were known 
to be located, and an accurate estimate of species 
richness was not obtained (Wagenbach et al., 
1997). A similar study during the summer of 
1998 also had difficulties obtaining precise esti- 
mates of density and richness using quadrat sam- 
pling. Stream-segment sampling, an altemative 
to the quadrat method, was tested in order to de- 
termine whether better estimates of mussel den- 
sity and species richness could be determined 
more rapidly. 

Materials and Methods 

Sampling Methods 
Sampling sites were all streams in the Cannon 

River watershed near Northfield, MN. The sites 
were chosen from areas that had the highest mus- 
sel density and richness in a previous study 
(Davis, 1988). Streams were generally about 9m 
wide with water less than Im deep and with a 
variety of substrate types. Investigators waded in 
the stream while searching for mussels by means 
of masks and snorkels. Mussels were collected 

using quadrat searches (3 sites) and 1 Om long 
bank-to-bank searches (8 sites). Quadrat 
searches were performed by first randomizing a 
section of stream by length and by position (left 
bank, right bank, or middle of the stream) to 
identify sampling points. Then a lm x lm PVC 
pipe frame (quadrat) was thrown over ones 
shoulder towards the sampling point. The area 
inside the quadrat was examined and mussels on 
the substrate surface were collected by touch and 
by sight. The investigator at the sampling point 
generally identified mussel species, but mussels 
were occasionally taken to an accompanying ca- 
noe to be compared with representative shells of 
different species or to be photographed for later 
identification. Stream segment searches were 
conducted across the entire stream width over a 
1 Om length of stream. After dividing the site into 
non-overlapping 1 Om intervals, stream segments 
were selected at random and all mussels between 
the markers denoting the beginning and end of 
the segment were collected by touch and sight. 
Mussels were placed into a mesh bag and were 
identified to species at the end of each 1 Om seg- 
ment. 

Measuring Mussel Richness 
Species richness is an important parameter in 

any mussel survey because it is often used to es- 
timate stream "health" (Strayer and Jirka, 1997). 
Sampling methods that do not accurately mea- 
sure mussel richness may also miss rare or en- 
dangered species. The ability of lOm searches 
and quadrat searches to measure mussel richness 
was estimated as the probability with which each 
method could be expected to find at least one in- 
dividual from a small population of mussels. The 
probability of finding at least one mussel (P) was 
calculated slightly differently for the two sam- 
pling methods, using the following equation 
which was derived from the hypergeometric dis- 
tribution (Casella and Berger, 1990): 

P(N,M,n) = (1) 

This equation was used for both quadrat data 
and for 1 Om data, and it was assumed that sam- 
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pling methods that have a higher probability of 
finding at least one mussel would better estimate 
the true mussel richness of a stream. For the 
quadrat method, N=the total number of sampling 
units present in the population (N=3600, based 
on a 9m x400m stream area), n=the number of 
sampling units collected, and M=the number of 
sampling units that contain at least one mussel 
(assuming that every mussel in the population 
occupied a different quadrat). For the stream seg- 
ment method, N=the total number of sampling 
units present in the population (N=40, based on a 
400m long stream), n=the number of sampling 
units collected, and M=the number of stream 
segments that contain at least one mussel. Esti- 
mating the value of M was more complicated for 
1 Om samples than for quadrat samples. Because 
more than one mussel was assumed to occupy 
every 1Om searched, field data (data not shown) 
were analyzed to estimate the percentage (%) of 
stream segments that contain at least one mussel 
as a function of the total number of mussels in the 
population (En). The regression line for this re- 
lationship was used to estimate (%): 

(%) = 12.066Ln(En) - 6.4774 (2) 

where %=the percentage of 1 Om sampling units 
containing mussels, and En=the estimate of the 
total number of mussels in the population. The 
number of stream segments hypothetically con- 
taining at least one mussel (M) was estimated by 
multiplying the percentage of 1Om sampling 
units containing mussels (%) by the total number 
of sampling units present (N). 

Because only select stream segments within 
the study site were sampled, an estimate of the 
total number of mussels in the population (En) 
was needed to create the relationship on which 
equation (2) is based. The method described by 
Sarmdal et al. (1992) of estimating the total num- 
ber of individuals present in a population, given 
only a few representative samples, was used: 

(E) (p(3) 

where En=the estimate of the total number of 
mussels in a population, Y=the total number of 

mussels in a 1 Om search, and p=the total number 
of sampling units searched divided by the total 
number of possible individual sampling units 
within the study area. The equation is summed 
for all sampling units searched at a site. An esti- 
mate of the total number of mussels in the popu- 
lation was obtained from each stream segment in 
a site where mussel density was sampled. 

Measuring Mussel Abundance 
Measuring mussel abundance is important to 

any stream survey because it provides an esti- 
mate of stream quality, and it provides the pri- 
mary means for measuring population change 
over time. Elliott (1977) defined percent error as 
an estimate of sampling precision (where percent 
error equals standard error divided by the arith- 
metic mean; a lower percent error provides a 
more precise estimate of the mean). The equation 
used to determine the percent error of a sample 
was obtained from Elliott (1977): 

1 s 
D ==+ /- (4) x3 n 

where D=the percent error of the sample, x=the 
arithmetic mean, s2=variance, and n=the number 
of sampling units taken. An estimate of the num- 
ber of samples needed to reach a particular per- 
cent error can be obtained by solving for n in 
equation (4). Percent error was used to compare 
sampling methods and determine which pro- 
vided better precision. 

Results 

Measuring Mussel Richness 
Our model indicates that the probability of 

finding at least one mussel as a function of the 
number of sampling units increases nearly loga- 
rithmically for 1 Om segments (Fig. 1) and nearly 
linearly for quadrats (Fig. 2). Therefore, the 
probability of finding a rare mussel species is 
greater in a 1 Om search than in a quadrat search 
(given the same number of mussels in the popu- 
lation). 

A logarithmic trendline provides the best fit 
for the percentage of searches in which a mussel 
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is found in a 1 Om sampling unit as a function of 
the estimated number of mussels in a population 
(Fig. 3). Field data were entered into equation (3) 
to yield the estimated number of mussels in the 

population. The trendline appears to have a rea- 
sonably high predictive value since R2= 0.7096. 

Ten-meter samples contained greater species 
richness than quadrat samples (Table 1). At the two 
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TABLE 1. Mussel abundance [mean (standard deviation)], n (number of sampling units taken), CV (coefficient of variance), 
number of sampling units required to obtain a precision of 20%S error, and species rich1ness (number of species per site) 
for 10 m stream segments and 1 m2 quadrat samples. 

10 m SEGMENTS 

ABUNDANCE IN SAMPLING 
SITE MUSSELS/n2 n CV UNITS RICHNESS 

CC2 0.076 (0.088) 15 115% 33.6 6 
CC3 0.065 (0.035) 15 53%M 7.3 6 
Straight 1 0.25 (0.25) 8 102% 25.4 9 
Straight 2 0.042 (0.070) 15 167% 70.7 7 
CannonlD5 6 

QUADRAT SAMPLES 

CC3 0.14 (0.40) 50 286% 208.8 3 
CannonID 0.64 (1.12) 56 175%)/ 75.7 4 
CannonlC 0.89 (1.10) 28 124% 38.0 4 

T Not all I Om searches at this site were sampled across the entire stream, so density estimates were not calculated. 

sites where both 1 Om and quadrat samples were 
used, 1Om searches found more mussel species. 

Measuring Mussel Abundance 
Considering all sites together, the coefficients 

of variation (CV) were generally lower for 1 Om 
searches than for quadrat searches, except for 
one 1Om sampling site which produced a higher 
CV than one quadrat sampling site (Table 1). 

Lower coefficients of variation correspond to 
fewer samples needed to reach 20% error. The 
number of sampling units needed to reach 20% 
error varies directly with the standard deviation 
(SD) squared and inversely with the mean den- 
sity squared. Sites having higher densities in re- 
lation to the SD required fewer samples to reach 
20% error. More sampling units were collected 
for quadrat searches than 1Om searches. Not all 
1 Om searches at the CannonID site were sampled 
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across the entire stream, so density estimates 
were not calculated for this site. 

For both methods, percent error decreases 
quickly during the first few sampling units, and 
then more slowly as the number of sampling 
units continues to rise (Fig. 4). As the number of 
sampling units increases, there is less difference 
between the best case and worst case scenarios 
for percent error. This relationship is similar for 
lOm and quadrat sampling units. The area be- 
tween the two dotted lines represents the percent 
error that can be expected using quadrat 
searches, and the area between the solid lines 
represents the percent error that can be expected 
using 1 Om searches. The best case 1 Om sampling 
scenario achieved 20% error at 8 sampling units 
while the best case quadrat scenario achieved 
20% error at 38 sampling units. Twenty percent 
error is the maximum percent error recom- 
mended by Elliott (1977). There is overlap in the 
percent errors of the 1Om samples and quadrat 
samples but, for a particular number of sampling 
units, 1Om samples tend to have lower percent 
error than quadrat samples. 

Discussion 

Measuring Mussel Richness 
Ten-meter searches were clearly superior to 

quadrat searches in measuring species richness. 
Where rare species were present, 1Om searches 
were more likely than quadrats to find at least 
one of the rare mussels, and therefore increase 
the species richness measured at the site. In a 
400m x9m samnpling area a 1Om sampling unit 
covers 2.5% of the site while a 1m2 quadrat only 
covers 0.028% of the site. Because stream seg- 
ment samples cover a much larger percentage of 
the site than do quadrats, it is not surprising to 
find that they are better at determining the num- 
ber of species in a site. Since the quadrat method 
often misses rare species, an additional walking 
search of the site is likely to be necessary to ac- 
curately determine species richness, whereas the 
stream segment method does not require an ad- 
ditional search. Experience in the field con- 
firmed that 1Gm searches found more mussel 
species, since greater species richness was always 
found with 1 Om searches than with quadrats. 
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Fig. 4. Percentage error of sample site vs. number of sampling units. The lines represent the best and worst cases for l Om samples 
(diamonds) and quadrat samples (asterisks). 
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Measuring Mussel Abundance 

Ten-meter searches generally had lower coef- 
ficients of variation as compared to quadrat 
searches. Ten-meter searches tended towards a 
lower percent error than quadrat searches and to- 
wards fewer sampling units being needed to 
achieve 20% error. Because stream segments 
cover a relatively large area of the stream, they 
tend to encompass different stream conditions 
such as variable substrate, current velocity, etc. 
Encompassing different stream conditions 
within one stream segment reduces the variabil- 
ity between 1 Om sampling units. Quadrats usu- 
ally encompass only one stream condition within 
each sampling unit, and therefore each quadrat 
may be sampled at an area with a different sub- 
strate type, current velocity, etc. This heteroge- 
neity of stream conditions for quadrat sampling 
units is one of the causes of the greater density 
variance and number of samples needed to reach 
20% error. While lOm searches may require 
fewer sampling units to be taken, it took longer to 
gather data from a 1 Om sampling unit than from 
a quadrat sampling unit. In cases of wide 
streams, high mussel density, and streams with 
adverse sampling conditions such as deep water 
and/or high current velocity, both 1 Om and quad- 
rat sampling methods became more time con- 
suming. Ten-meter and quadrat sampling first re- 
quire measurements to locate the position for 
each sampling unit, and then a search of each unit 
for mussels. Identifying the location for each 
sampling unit was the most time consuming as- 
pect of quadrat searches, and was also very time 
consuming for lOm searches. Under adverse 
sampling conditions 1 Om segments may take 
proportionally more time to search than do quad- 
rats. Mussel sampling requires continuous con- 
centration when searching a sampling unit, and 
being exposed to poor conditions for the rela- 
tively long period of time necessary to sample a 
1 Om segment can reduce the efficiency of the 
samplers. Investigators may also miss more mus- 
sels in the larger area of the 1 Om samples than in 
the small quadrat samples. Under ideal sampling 
conditions, and in cases where only a few 1 Om 
sampling units are needed to reach a particular 
level of precision, 1 Om searches may measure 

mussel density more efficiently than would 
quadrats. 

To reach 20% error by the stream segment 
method, 7-71 sampling units were needed for the 
four sites that were measured by this method. For 
fairly narrow and shallow streams, a small team 
may reasonably complete 20-30 1 Om sampling 
units in a day; however for streams with adverse 
sampling conditions, only 5-10 sampling units 
may be completed. The three sites at which the 
quadrat method was used required 38-209 sam- 
pling units to achieve 20% error. For quadrat 
sampling under ideal conditions, a small team 
may reasonably complete 80-1 00 sampling units 
in a day, whereas for poor conditions it may only 
be possible to examine 30-40 sampling units. 
Because our quadrat method was tested at only 
one site in our 1998 sampling, in order to assess 
quadrats' ability to measure mussel richness and 
density, we incorporated data from two other 
study sites from the Cannon River where four 
1m2 quadrats were linked together (Wagenbach 
et al., 1997). These two study sites required 38 
and 76 sampling units to achieve 20% error, but 
because the quadrats were not independent the 
variance (and therefore the number of sampling 
units needed to reach 20% error) was probably 
lower than if unlinked quadrats had been used. 
The Cannon River quadrat sites also had higher 
mussel density than did any of the other sites we 
sampled. Both the linkage of quadrats and the 
higher mussel density may explain why the 
quadrat method as used in the Cannon River pro- 
duced lower percent error. 

Ten-meter and quadrat searches may require 
comparable amounts of time to determine a pre- 
cise estimate of density, but 1 Om searches mea- 
sure species richness more accurately. For 
streams with good sampling conditions the 1 Om 
stream segment method appears to be preferable 
to quadrat sampling. 
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