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One problem in assessing pol lutant effects on freshwater 
ecosystems is recognizing subtle signs of stress in perturbed 
systems. I f  contaminants or abnormal conditions affect 
homeostatic mechanisms that control concentrations of biochemicals 
in organisms, measurements of affected metabolites in normal and 
stressed organisms may provide a means for evaluating degraded 
aquatic habitats. Changes in amino acid rat ios (e.g. glycine: 
taurine) and amounts of marine bivalves have been observed in 
response to a variety of pollutants (JEFFRIES 1972; BAYNE et al. 
1976; ROESIJADI & ANDERSON 1979; ROESIJADI 1979). The changes 
of free amino acid patterns in marine bivalves result ing from 
environmental stresses led us to examine the hypothesis that 
free amino acid patterns in tissues of freshwater bivalves can 
ref lect  adverse conditions in stream habitats. Objectives of 
this investigation were to determine the composition and 
concentrations of free amino acids in mantle tissues of Amblema 
p l icata and to examine this hypothesis for A. p l icata in selected 
polluted and re la t ive ly  unpolluted Missouri streams. This 
species was chosen because i t  is robust, long lived (up to 30 
years), and widespread in clean and polluted streams of the United 
States (STANSBERRY 1971; BURCH 1975; IMLAY 1980). Mussels are 
at t ract ive bioindicator organisms for freshwater ecosystems 
because they normally do not migrate extensively within or from 
the i r  native streams (ISELY 1914; IMLAY 1980), and as f i l t e r  
feeders they are exposed to part iculate components that can sorb 
toxic materials, as well as to dissolved substances in water 
(CHAISEMARTIN 1977). 

EXPERIMENTAL 

Specimens of A. pl icata 6 to 14.5 cm long were sampled 
manually from four streams in Missouri. The mussels were frozen 
on dry ice at the sampling sites and stored at -7~ unti l  
analysis. Each was thawed indiv idual ly under cold running tap 
water, the shell opened, and a mantle excised from one side with 
a scalpel. For Cedar Creek and Gasconade River mussels, both 
mantles were removed and analyzed and the results averaged. The 
mantle t issue was weighed and then homogenized with water (4:1 mL 
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water:g wet wt) for 1.5 min with a Sorvall Omnimixer. A 
Teflon-glass t issue gr inder accessory was used for  mantles 
weighing less than 1 g and a steel blade attachment for  larger 
t issues. Par t icu late material was removed by cent r i fugat ion at 
ambient temperature for  10 min at 240 ~. Two mL of the 
supernatant were combined with 1.2 mL ethanol in another v ia l ,  
to p rec ip i ta te  high molecular weight proteins (JEFFRIES 1972), 
and re f r igerated.  Af ter  2 h, the ethanol-water solut ion was 
centr i fuged for  i0 min at 800 ~ and I mL of supernatant was 
f o r t i f i e d  with 0.025 ~mol norleucine as an internal  standard and 
ac id i f ied  with 1 drop of 6N HCI. A 5-~L sample of th is  
solut ion was analyzed on an amino acid analyzer equipped with 
a f luorometr ic  detector (HARE 1975). 

Soft t issues and sections of shel ls  of f ive mussels each 
from the Big and Bourbeuse Rivers were analyzed for  lead, 
cadmium, zinc, and arsenic by atomic absorption. Analyses were 
done by Carborundum Co., Lexington, Massachusetts. Soft t issues 
that  remained a f te r  the mantle was removed were freeze-dr ied and 
homogenized before analysis. 

RESULTS AND DISCUSSION 

During December 1978, mussels were col lected from Cedar 
Creek (Callaway County) and Gasconade River (Maries County) in 
central Missouri. Cedar Creek has a h is tory of exposure to acid 
coal mine drainage, which has detr imental l~ affected biota in 
the stream (DIEFFENBACH 1974; PARSONS 1977) and resulted in 
several f i sh  k i l l s  during the periods fo l lowing overflows from 
coal str ip-mine lakes (CZARNEZKI 1979). In contrast ,  the 
Gasconade River is a c lear ,  re la t i ve l y  unpolluted Ozark stream 
containing diverse bio logical  populations (CLIFFORD 1966). 

Free amino acid levels in mantle t issues were 
s i gn i f i can t l y  (P< 0.01, Student's t tes t )  higher in mussels 
from Cedar Creek than in those from--Gasconade River (Table I ) .  
Because of the i r  large range in size (shell  length, 6.0 - 14.5 
cm; mean 10.4 cm), we examined Cedar Creek mussels for  re la t ions 
between free amino acid concentrations in the mantle and shel l  
lengths. A s ign i f i can t  negative l inear  corre lat ion (~ = -0.859, 
P < 0.01) described by the equation: umol tota l  free amino 
acids/g wet wt = 3.59 - (0.164) (shell length in cm) was observed 
for  Cedar Creek mussels. Since Gasconade River mussels were 
smaller (shell  length, 6.8 - 8.8 cm; mean 7.7 cm) than those 
from Cedar Creek, s ize-corrected amino acid concentration 
dif ferences between the two groups of mussels would be even 
greater than indicated by the data in Table 1. The re la t i ve  
composition of amino acids d i f fered less than tota l  concentrations 
(Table 2). Al l  SE ranges for  indiv idual  amino acids from the two 
r ivers overlapped, except for  glutamic acid, which was higher in 
mussels from Cedar Creek than in those from Gasconade River; and 
aspart ic  acid, phenylalanine, and h i s t i d ine ,  which were re la t i ve l y  
lower in Cedar Creek mussels (Table 2). A compound eLuting at the 
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Table 1. Total free amino acids (~ SE) extracted from mantle 
t issues of Amblema p l icata  collected from four Missouri 
streams. 

Type of po l lu t ion studied, 
month of specimen 
co l lec t ion ,  and stream 

Amino acids (umol/g wet wt) No. 
Samples 

Avg. SE 

Coal acid mine drainage 
December 1978 

Cedar Creek 

Gasconade River (control)  

Lead mine ta i l i ngs  
May 1979 

Big Ri ver 

Bourbeuse River (control)  

1.89"* 0.24 8 

0.59** 0,06 13 

1.64* O. 14 12 

1.24* O. 10 9 

**P < 0.01 
* P < 0.05, Student' s t test  on log=transformed data. 

retent ion time of taurine (taurine RT) was found in al l  mussels 
examined, but i t s  i den t i t y  was not ve r i f i ed  because i t  occurred 
at low levels and did not change in re la t ive  composition in 
stressed animals. Taurine occurs less conlnonly in freshwater 
invertebrates than in marine species (AWAPARA 1962). Likewise, 
re la t i ve  levels of glycine did not appear to d i f f e r  in mussels 
from the two r ivers .  

On the assumption that increased amino acid levels in 
mantle t issues of A. p l ica ta  from Cedar Creek over those from 
Gasconade River were due to stress from acid mine drainage, we 
hypothesized that  free amino acid levels in mantle t issues of 
A. p l i ca ta  may also be increased i f  the animals are exposed to 
other types of contaminants. As one test  of th is  hypothesis, we 
sampled mussels in May 1979 from the Big and Bourbeuse Rivers, 
which are t r i bu ta r ies  of the Meramec River in east central 
Missouri. The middle section of Big River is located adjacent 
to current ly inact ive lead mining s i tes .  Lead mine ta i l i ngs  
have been po l lu t ing the r i ve r  ever since a large dike around a 
mine-set t l ing basin fa i led  in 1977-78 (WHITLEY 1979; BUCHANAN 
1980). A. p l i ca ta  was not found in the r i ve r  immediately below 
the s p i l t  s i ~ ,  but was abundant about 50 km downstream, near 
House Springs, Missouri. The Bourbeuse River is not polluted 
with trace metals but is in an agr icu l tura l  basin and carries 
more suspended material than do Ozark streams such as the Big 
and Gasconade Rivers (MISSOURI WATER POLLUTION BOARD 1964; 
CLIFFORD 1966). Mussels from the Big River had shell lengths 
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of 11.0 + 1.1 cm (mean + SE) as compared with 10.0 + 1.0 cm for  
those sampled from Bourb-euse River. Mussels from BTg River had 
s i gn i f i can t l y  (P < 0.01, Student's t tes t )  higher levels of lead 
in both sof t  t issues [160 ug (g dry--wt)- l ,  SE = 59(5)] and shel ls 
[7.9 ug (g dry w t ) - l ,  SE = 0.8 (.5)] than did specimens from the 
Bourbeuse River [ so f t  t issues:  6. 9 E(g dry w t ) - l ,  SE = 
0.2 (5 ) ;  shel ls 2.9 ug (g dry w t ) - i ,u~  = 0 .3(5) ] .  Cadmium levels 
were also elevated in sof t  t issues of Big River mussels [5.9 ~g 
(g dry w t ) - l ,  SE = 0.3(5) ]  as compared to levels for  Bourbeuse 
River mussels [0.72 ug (g dry wt) - I ,  SE = 0.08(5) ] .  

S ign i f i can t l y  higher (p < 0.05, one-ta i led Student's t 
tes t  on log transformed data) free amino acid concentrations were 
found in the metal-contaminated Big River mussels than in the 
Bourbeuse River cont ro ls ,  but di f ferences were not as pronounced 
as in the Cedar Creek-Gasconade River comparison (Table I ) .  
Relative compositions of amino acids were s imi la r  in mussels 
from the two r ivers ;  SE ranges overlapped for  means of a l l  the 
respective compounds except methionine, which appeared to be 
s l i g h t l y  higher in Big River mussels (Table 2). 

Total concentrations (Table 1) and re la t ive  composition 
(Table 2) of free amino acids in mussel mantles from both the 
Big and Bourbeuse Rivers were more s imi la r  to those in Cedar 
Creek mussels than to those from the Gasconade River. A 
poster ior i  consideration of the control r i ve r  suggests that  the 
Bourbeuse River may have been a more stressed environment in 
spring than was the Gasconade in winter.  Relative frequency of 
d ie-o f fs  suggests that  the reproductive period may be a more 
st ressfu l  season for  Missouri mussels than other times of the 
year (A. Buchanan personal communication). Although we have no 
d i rec t  evidence for  tox ic  organic contamination, the agr icu l tu ra l  
inf luence increases the p o s s i b i l i t y  of exposure to pest ic ides in 
the Bourbeuse (SCHMITT & WINGER 1980). 

In agreement with previous comparisons between marine 
and freshwater invetebrates (AWAPARA 1962; GARDNER & MILLER 
1980), to ta l  levels of free amino acids in mantle t issues of 
A. p l ica ta  were subs tant ia l l y  lower than have been reported for  
marine bivalves (100 to 600 ~mol/g wet wt; JEFFRIES 1972; 
ROESlJADI & ANDERSON 1979). Glycine and taur ine,  which occur 
at high levels in marine inver tebrates,  were not elevated in 
A. p l ica ta  and did not show measurable compositional dif ferences 
in animals from pol luted and control streams. In contrast with 
marine bivalve studies in which stressed animals had lower 
concentrations of most amino acids than contro ls ,  A. p! icata 
sampled from streams contaminated with acid mine dTainage and 
trace metals had higher concentrations of free amino acids in 
t he i r  t issues than did those col lected from control streams. 
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