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ABSTRACT

Fnvironmental parameters thal influence the distribulion of eight mussels in
the Blanco River of Cenlral Texos weve studied. The effects of type of subsivole,
stream flow rale ond physicochemicol features on mussel distribulion were
evaluaied, but emphasis was given Lo the vole of vrganie enrichment of the river
by o city sewage treatment plant. From folerance tests to ammonia and low ox-
wgen on five local mussels and from field stwdies, the following remarks ean be
made about mussel distribution in the Blonco River,

(1) Low dissolved oxygen levels (0 - 0.5 mg 0, 1"') proved lethal to 47% of the
mussels tested in seven days.

(2) Levels of 5 mg NH+, - NH,1™* (pH 7.8 to 8.0; NH, - N = 0.26 mg -1} were
lethal Lo 40% of the mussels tested in seven days.

(3} Corbicula manilensis wos wmore folevant, and Amblema p. plicata less
tolerant than the other mussels tested lo elevated ammonin and low oxygen con-
cenfrations associated with sewage enrichment.

() Even though the physicochemical porameters did not indicale stressful condi-
tions on the days sampled, mussels of the Blonco River seemed to huve been
adversely effected by enrichment from the secondary sewage frealment plant of
San Moreos. Fewer mussels weve found dowmstrenm from the sewage plant than
upstream, even where the viver bottom, depth, and flow vates were stinilear.
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INTRODUCTION

The use of freshwater mussels (Bivalvia) as
aquatie indicators of ecological changes brought
about by agricalture, mining practices, effluenis
from industrinl and/or domestic disposal planis
has not been studied extensively. Freshwater
mussels might be valuable indicators of hoth past

and present ecological conditions of aquatic en-
vironments.

For the following rensons, mussels might be
especially good as indicators of stream conditions.

(1) Unlike plankton or free swimming fauna,
bivalves as benthic invertebrates usually remain
in relatively fixed positions in streams {Weber
1473}
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(2) Mussels can directly absorb nutrients, sim-
ple organic compounds  (Churchill 1916) and
various pollutants. Such pollutants might be
pesticides, radioactive materials and heavy
metals which often would show up in biologically
magnified concentrations (Weber [973; Butler
1965, Fuller 1974; Bedford et al. 1968; Mathis
and Cummings 1973). Bivalves also indirectly
reflect ecological conditions by taking up
pottutants by feeding from the basic trophic
levels or aquatic food chains (Fuller 1974).

(3) The freshwater mussels {Unionacea) have
relatively long life cycles, up to 17 years and
longer (Williams 1969; Bedford et ol 1968).
Therefore, their community and population strue-
tures are accumulatively affected by environmen-
tal perturbations (Weber 1973).

{1} Unlike periodie chemical analyses, the ben-
thic mussels are continuously exposed, except
when buried, to the water conditions and might
reflect variable or infrequent discharges of
potlutants (Weber 1973).

Our present knowledge is insufficiently
detailed, however, te define Unionaceae or
Sphaeriidae (Pisidiidae} as pollutional indicators
in chemical terms (Fuller 1974; Ingram 1967). A
great deal of work needs to be done on identify-
ing the reactions of bivalves to specific natural
factors in the environment, and on the reactions
of mollusks to pollutants (Butler 1965).

Recently, Neel and Allen (1964) noted the
decimation of various mussel populations in the
upper Cumberland Basin by coal mine acids,
while Charles (1964) found that very heavy
populations of mussels have heen virtually
destroyed by brine pollution from oil wells. Even
potassinm hag been suggested to regulate the sur-
vival and distribution of freshwater mussels
(Tralay 1973).

Because they concentrate certain pollutants
otherwise not detectable in water or sediments,
mussels have been utilized as indicators of
pesticide and metal pollution {Bedford ef al. 1963;
Mathis and Cummings 1973). The bivalves concen-
trated both pesticides and metals in higher con-
centrations than was found in the surrounding
water, but contained lower levels of most of these
toxic compounds than occurred in sediments.
Possibly the best utilization of freshwater
mussels as indieators of stream conditions is as
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“indicators of the biological recovery zone”
(Simons and Reed 1973).

The purpose of the current study was to explore
the environmental paramefers that influence
distribution of mussels in the Rlanco River. Special
emphasis was given to the effects of organic enrich-
ment of the river by a city sewage treatment
plant. Tolerance tests to ammonia and low ox-
ygen on five species of local mussels were con-
ducted in the laboratory in an atempt to evaluate
such enrichment.

STUDY AREA

The Blanco River is located al the headwaters
of the Guadalupe River Basin in central Texas.
The Blanco River flows over the Edwards Platean
and joins the San Marcos River approximately 4
km east of the perimeter of the plateau. The Ed-
wards Plateau is composed of uplifted limestones
that econtribute to the natural ealeareous hard-
ness of the Blanco River. At the Kyle sampling
station the mean annual flow for a 19 year
sampling period was 43 m? sec (USGS. 1976).
At the Kyle pgauging station, about 9 km
upstream from the study area, no flow levels oe-
carred in the summers of 1956, 1963, 1964 and
twice in 1971 (USGS. 1976). Execept during
periods of flooding, the lower portion of the
Blaneo River is usually transparent enough for a
visual analysis of the substrate.

The drainage basin of the Blanco River above
the Kyle sampling station is 1,067 sq. km. and
containg little arable land. Most of the basin is
sparsely populated, and agriculture consists
mainly of grazing with only limited erop farming
on the rocky tlerrain. "After the Blanco River
leaves the plateau, the river traverses a more
populated area where crop [arming predominates.

Sampling areas on the Blanco River were
located between 29°55'—29°5!' latitude and
97°B5 —97°54" longitude. The study area consisted
of a 6 km streteh of the Blanco River located just
upstream of the confluence of the San Marcos
River (Fig. 1). A secondary sewage treatment ef-
fluent enters the Blanco River approximately 2
km downstream from the headwaters of the study
area. The sewage effluent, excepl under very low
flow conditions, is diluted naturally by a side
channel of the river before it reaches the main
stream. In the faster moving waters of the
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FIG. 1. Location of sumpling stles on the Blanco River, Texus.

diluted side channel, toxicily study areas were
esiablished about 50 m before and after the point
of entry of the sewage. Three sampling stations
for physicochemical analyses of the river were
tocated (1) about 50 m above (Station 3), (2} 200
meters (Station 4) and (3) 2 kilometers below
{Station 6) the site where the sewage effluent
enters the river (IFig. 1).
METHODS AND MATERIALS

Cuealitative and Quantitative Determinalions

Qualitative and quantitative mussel counts
were performed at mid-day by visual inspection
while wading or scuba diving in the deeper pools.
The entire study area was quantitatively sampled
for freshwater mussels. Three quantitative counts
were made at stations above, and two quan-
titative counts below the sewage effluent (Fig. 1).
Quantitative counts were made In 10 m® areas
utilizing ten one meter transects. After identify-
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ing and recording the specimens, they were lifted
from the substrate to prevent duplications, Only
those individuals exposed or actively siphoning in
the substrate were utilized in the quantitative
determinations.

Mussel specimen identifications were made
utilizing the taxonomic keys of Burch {1973},
Murray (1962; 1968), Simpson (1913) and Strecker
{1931). Identifications were checked and verified
by Dr. H. D. Murray of Trinity University in San
Antonio, Texas, and Dr. David Stansbery of Ohio
State University in Columbus, Ohlo. Specimen
were deposited at Ohilo State University (Collec-
tion Numbers OSUM: 1976: 352-361).

Tolerance Tests

Specimens utilized in the tolerance tests were
collected in central Texas near the study ares.
The specimens were then placed in  aerated
aquaria for a minimum of five days for acclima-
tion to laboratory conditions. During the period
of acclimation and testing, the experimental and
control specimens were not fed. Before heing
utilized in the toxicity tests each laboratory
specimen was washed and scrubbed o remove
adhering organisms, The ventral margins of the
bivalves were notched with a triangular file so
that the bivalves would be constantly exposed to
the stressors. At least eight specimens of each
species were utilized in the toxicity tests.

The chlorine content of the tap water used in
the experiments ranged from 02 - 6.4 mg 1" and
was removed from the test waters by aeration or
bubbling nitrogen. The total alkalinity of the
water varied from 200 to 250 mg 1 and
depended upon the stressor(s) utilized The total
alkalinity of water from which the organisms
were collected varied from 150 to 200 mg 17t The
temperature of the experiments was ambient
roomt iemperature which was usually between
24" 26" C. The hydrogen lon coneeniration (pH)
ranged between 7.8 and 8.2 during the laboratory
experiments. At an average pH of 8.0 a solution
containing ammonia (NH+, -NH,} would consist
of 94.7% ammonium ions and 53% ammonia gas
(NHL). In this manuscript the term ammonia
refers to both the ionic and gasecus form, even
though the gaseous amimonia is the toxie form.

At no time were more than four larger mussels
used in a single experiment. The bivalves
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Table 1. Substrate related distribution of freshwater mussels in the Blanco River.

Stream Bottom

Species Boulder Cobhle

Gravel Pebbles Sand 5ilt-mud

Amblema p.
plicata

+ 4t

Anodonta
Imbecillis

Corbicula _ +
manilensis

Cyxtonaias
Lyrtonatas
tampicoensis

Lampsilis a.

7 ancdontoides

Lampsilis _ -
bracteata

Quadrula
petrina

Texolasma
texagensis

ot 44 4 +

4 + +4+ +

44 + + +

++ 4 +4 +

+
+
+
i

More Bhan 5/m?
1-5/m*

Less than 1/m?
Not Found

+
I (]

Amblema p. pliccde (Say, 1817, Anodonto im-
beetllis (Say, 1829), Corbicula manilensis (Philip-
pi, 1844}, Cyrionmias fampicoensis (Lea, 1838),
vaolosma texasensis (Lea, 1857} (= Carunculing
parve lexasensis) were subjected to laboratory
tolerance tests for 168 hours. Specimen were
removed from the testing apparatus after failure
to respond to physical stimuli by closure of the
valves. Death was established when the mussels
did not respond by attempted closure when their
valves were partially pried apart.

Low oxygen tolerance tests {0 - 0.5 mg 0, 1°")
were performed in a modified 8 liter desiccator
with a regulated water flow of about 300 ml
hr'. A 16 liter reservoir of water was deox-
ygenated by bubbling prepurified nitrogen gas.
The deoxygenated water was mixed with a
magnetic stirrer and forced through the testing
apparatus with low N, pressure. Water samples
for chemical analyses were taken from the testing
apparatus by removal and subsequent replace-
ment of standard biochemical oxygen demand
(BOD) bottles that were situated before and after
the specimen container. By maintaining the flow
at least 300 ml hrt the dissolved oxygen (DO)
levely of the incoming and outflowing waters of
the specimen container were similar.

In the combination high ammonia and fow ox-
ygen tolerance tests the water was deoxygenated
first and ammonia then added to the above
testing apparatus. In both the combination high
ammonia-low oxygen and high ammonia
tolerance tests, ammonia levels of 5 + 0.5 mg 1!
(NH? -N = 0.26 mg 1"') were obtained by the ad-
dition of ammonium bicabonate. Bunkhalter and
Kaya (1977) estimated 025 mg NIP-Ni* to be
the incipient lethal threshold concentration for
rainbow trout fry.

High ammonia tolerance tests were performed
in & liters of aerated tap waler in covered
aquaria. Samples for chemical analyses were
made by removal and subsequent replacement of
similar amounts of water {rom the agquaria.

'The tolerance tests in the Blanco River were
performed in a side channel which contained
diluted sewage. The bivalves Amblema p. plicata,
Anodonta imbecillis, Corbicula manilensis and
Cyrtonging  tumpicoensis were put under stress.
The mussels were placed in cages of 1/4 inch
square mesh screen which were partially buried
in the gravel substrate. The controls were located
50 m above the point of entry of the sewage and
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were placed in a similar substrate. The side chan-
nel toxicity tests were performed for one month
periods,

Statistical analyses of the toxicity studies were
performed by single factor analysis of variance
and after hypothesis rejection analyses were
followed by the Student Newman Kuels tests for
differences in population ranges (Zar 1974). The
survival times in hours were used as the observa-
tions in the statistical tests. Since the maximum
uttlizable value for survival time was sometimes
limited by the lenpth of the toxicity test, inter-
pretations of the above statistical analyses were
conservative.

Physicochemacal Analyses

Wiater samples were taken with 1 lter
polyethylene bottles 0.3 m below the surface on
sunny mid-day periods. Water temperature was
taken at the same time 0.3 m below the surface
in shaded areas. Chlorine levels were determined
in the field. Stream velocities were measured
with o USGS, Pigmy current meter. Chlorine
levels were determined in the field, whereas
sumples for pH, alkalinity, DO, NH+, -N, BOD,
and total mercury were analyzed within forty-
five minutes of collection in the laboratory.
Samples for the determinations of Kjeldhat
nitrogen, lotal dissolved phosphate-phosphorus,
and potassium were stored at -20°C and analyses
were conducted within three hours of collection.
Chemical analyses of water were performed ac-
cording to Standerd Methods for the Eramina-
tion of Water and Wastewater (A P.H.A. 1975},

Sediment analyses were performed utilizing
the modified Wentworth grade classification
{Home and Melntyre, 1971 and Weber, 1973). The
subsirale was scooped into a container placed
Just downstream and analyzed using US. Stun-
dard sieves. Hydrogen ion concenirations were
determined with a standardized Beckman Expan-
domatic pH meter. Total alkalinily analyses were
performed by titration with 0.02N H,80, to a pld
of 4.5, Dissolved oxygen determinations were per-
formed utilizing the alkali-azide modification of
the Winkier method. Aminonia nitrogen analysos
were made by distillation of the ammonia into
horic aeid followed by nesslerization. Kjeldahl
nitrogen delerminations were made by sample
digestion followed by distillation and nessleriza-
tion. Total dissolved phosphate-phosphorus
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samples were first filtered through 0.45 micron
filters and then treated to persulfate digestion
and the color developed by the ascorbic acid
method. Chlorine levels were determined utilizing
the orthotolidine colorimetric methods. Total
mercury analyses were performed by the cold
vapor fechnique using a mercury analyses system
connected to an  atomic absorption spectro-
photometer. Total potassium ion determinations
were made utilizing an atomic absorption spee-
trophotometer.

RESULTS
Qualetative Sampling and Species Distribution

Living specimens of eight species of freshwater
mussels, and shells of Anodonta g. grandis (Say,
1829) and Lampsilis  anodontoides follaciosa
(Smith, 1899), were collected in the Blanco River
study area (Table 1),

The type of stream bottom and the corre-
sponding  flow  patterns seemed to limit the
distribution and perhaps the abundance of some
of the species (Table 1). Local geologic formations
{recent. alluvium) and periodically high stream
velocities created a bottom composed of a
gravel-cobble substratum in the faster flowing
portions of the stream. Only on the periphery of
the larger pools where the current was slow was
a mud-silt bottom found (Fig. 1). All species col-
lected in the river were present, although
sometimes sparsely, in mud-silt substrates.

Individuals having relatively heavy shells, such
as Quadrulo petring and Amblema p. plicata,
were the only species found in walers with
average stream velocities of 1 m sec™® or preater.
In these waters the bottom was typically com-
posed of cobbles with some boulders and gravel
present. Although Corbicula manilensis has a

relatively thick shell its small size probably

limits it from occurring in the swiftest waters
{Tuble 1).

Freshwater mussels with shells of intermediate
thickness such as Cyrfonaias tampicoensis, Lamp-
silis @ anodontoides {(Lea, 1834) and Lampsilis
brasteata (Gould, 1855) generally were found in
regions of Intermediate stream velocities (0.5 - 1
m sec™) where the usual bottom composition was
coarse and/or medium sized gravel. The very thin
shelled Anodonta imbecillis and the small sized
Toxolasma texasensis were restricted to areas
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with the finest types of substrate material (Table
1), and both were ravely found in the river,

Physicochemical Parameters

During the sampling period from July, 1676, to
June, 1977, the minimum flow was 1.5 m" sec
and the maximum flow was about 112 m?* see™' at
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0.1 m* sec™® of which about 20 - 50% was sewage
effluent, depending upon the amount of effluent
discharged. During the same period, the Blanco
River received an average of 110 kg BOD, day,
90 kg potassium day™*, 50 kg of ammonia-N day™
and 9 kg of total phosphate-phosphorus dayt .

the Kvl . tation. Unlik . The secondary treatment plant received waste M
auging station. e previous years : :
ne Byie gauging slatlon. Unlike previous years o only the northeast portion of San Mareos,
very low or no flow perieds did not oceur during
the sampling year. Water temperatures varied Total mercury analyses for the sewage effluent -
from 1L.5°C in January, 1977, to 31.0°C in August, and water samples from the Blanco River in
1976. Secchi dise transparency varied from 0.8 m March, 1977, were below detectable limils (less
to 21 m in the Blanco River. Generally, trans- than one microgram 17). Chlorine also was not e
parency increased during low flow periods and detectable (less than 0.1 mg 1) in the enriched
decreased during high flow periods. side channel. Chemical parameters which were
The secondary sewage plant adjacent o the monitored at Stations 3, 4 and 6 {Fig. 1) are
Blanco River usually received less than 30% of presented in Table 2. Where the sewage effluent
the total sewage load of San Marcos. The mean entered the river, all parameters increased, ex-
Aow through the sewage treatment plant for the cept dissolved oxygen and pH. The largest in-
twelve month sampling period was 084 million creases  occurred  with  ammonia  and  total
gallons/day (mpd) with extremes of about 0.05 { dissolved phosphate which increased 300% and
Timgd. 100%, respectively. At the sampling station
For June, 1977, average effluent values for the located 2 km downstream from the treatment
treatrment planis and the diluted sewage of the plant (Site 6}, all parameters were more similar
side channel are given in Table 2. Also for June to the uncontaminated waters above the sewage
the sewage enriched side channel of the Blanco effluent. Only dissolved oxygen returned to its
River (Fig. 1) had a total flow of approximately upstream (Site 3) concentration at the
Table 2, Water chemistry determinations for the sewage eflfluent and diluted
sewage in Blanco River side channel.
: -1 ¢ Side channel
Parameter (mg 1~1) Sewage effluent {diluted  sewage)
BODS 44.20 9.00
Chlorine 5.80 0.00 <= G-\
Dissalved oxygen 6.40 7.55
: ‘
NH Nl =N 16.40 6.80
pH {(units} 7.65 7.85
+
Potasgium 33.00 7.80
Total alkalinity 276.00 240.00
Total dissolved 3.30 1.70
phosphate-phosphorus
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Table 3,
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Water chemistry determinations for the Blanco River.

Parameter {mg 171}

Twelve month average (range)

Above Below Downstream
(Site 3) {Sewage Plant} {Site 8)
BOD5 1.2 1.8 1.4
(0.9 = 2.2} (1.0 - 3.0) (1.0 - 2.8)
Dissolved oxygen g.97 8.79 8.397
(6.75 - 10.42) (6.88 -~ 10.35) (7.42 - 16.37)
NH;+NH3-N 0.03 0.09 0,08
(0.01 - .05} (0.0 - 0.27} (0.0 - 0.14)
Organic - N 0.24 0.38 0.36
{0.09 ~ 0.36) {(0.09 -~ 0,83} {0.08 - 0.49)
Botassium 2.086 2.27 2.48
{(1.70 - 2.70) (1.85 - 2.85) (1.85 - 2.78)
pH (units) 7.88 7,87 7.89%
(7.74 - 8.02) {7.74 - 8.02) {7.75 - 8.02)
Total alkalinity 19300 197.00 196.00
{165 - 212} (170 - 224) {170 - 224}
Total dissclved 0.12 0.24 0.22
phosphate~phosphorus (0.04 - 0.26) (0.05 - 0.49) {0.04 - 0.72)

downstream station (Site 6). The nutrient leveld
of ammonia-N best indicated the enrichment of
the sewage effluent upon the Blanco River (Table
3).

Tolerance Tests

The laboratory tolerance tests were chosen
because they measured parameters that were
potentially toxic to freshwater mussels and which
may result from organic enrichment. Since the
laboratory tests lasted only seven days, highly
stressful conditions were needed for definitive
resuits. Nevertheless, the concentrations chosen
were environmentally realistic. During the labor-
atory tolerance tests, it was frequently observed
that the more tolerant species had their shells
tightly shut, while the least tolerant species
usually continued siphoning or had their manties
exposed.

The exotic asiatic clam (Corbicula manilensis)
demonstrated greatest survival to low oxygen
conditions (Tabie 4). The native mussels, Anodon-
ta tmbecillis and Torolasma fexasensis, also had
relatively high survival capacities to low
dissolved oxygen, whereas Cyrtonaias tampieoen-
515 and Amblema p. plicata had the lowest sur-
vival tolerances. Amblema p. plicate had a

significantly lower survival tolerance fo low
dissolved oxygen (Table 5). Although the four
other species exhibited large differences in their
survival capacities (Table 4), they were not
significantly different at 95% confidence limits
{Table 5).

Toxolasma texasensis demonstrated the highest
survival capacity during the aerated high am-
monia tests (Table 6), whereas Anodonta im-
becillis and Amblema p. plicata had the lowest
tolerance to high ammonia concentrations. Due to
thelr frequent gaping, snapping of valves and ex-
trusion of glochidia when gravid, Anodonta im-
becillis appeared to be the most stressed species.
All species frequently secreted mucous at the
beginning of the aerated ammonia experiments,
The interspecific survival capacities were not
statistically different at 95% confidence limnits for
the mussels in high ammonia (Table 5).

In the combination high ammonia—low oxygen
tolerance tests, Corbicula manilensis again
demonstrated the highest survivorship {Table 7).
No apparent synergistic affects were detected in
the combination high ammonia—low dissolved ox-
veen tests. Interspecifically, Amblema p. piicata
had significantly lower survival tolerance and
Corbiculn  mantlensis had significantly higher
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tolerance as compared to most of the other
species {Table 55

Survival of the mussels, except Cordicula
manilensis in the combination low oxvgen—high
ammonia tests, appeared to be related to the
mussel’s tolerance to one of the two most stress-
ful parameters. Intraspecfic survival capacities in
the laboratory tolerance tests were not signifi-
cantly different at the 95% confidence limit.

The tolerance tests in diluted sewage again
demonstrated that Corbicule manilensis had
significantly higher survival capacities (Table 5
and 8). Amblema p. plicaie had significantly
lower tolerance to the diluted sewage, while
Crytomaias tampicoensis and Anodonic tmbecillis
exhibited intermediate survival capacities that
were not significantly different from each other.

The levels of potential toxicants in the sewage
side channel are given in Table 2. Ammonia and
possible potassium were found at potentially
lethal concentrations. However, the measured
daylight and nocturnal oxygen levels did not ap-
pear near the lethal range nor potentially
stressful during the tolerance tests. Although low
oxygen levels may not have been present in the
sewage side channel (Table 2), the relative
tolerance of the mussels was comparable to their
survival capacities in the combination low oxygen
—high ammonia tolerance tests (Tables 5, 7 and
8).
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Quantitative Samples

Quantitative sampling sites were chosen in
areas with similar substrates at mid-stream loca-
tions in both the slow and fast moving waters.
The substrate composition shown in Table 9 is
from faster moving waters {0.3 - 1.5 m deep), but
even at the sampling stations in the slower mov-
ing waters (1 - 4 m deep) more than 90% of the
substrate was composed of fine gravel or larger.
All quantitative sampling sites were located in
areas containing relatively high populations of
freshwater mussels. Therefore, data presented in
Table 10 is representative of the more dense
mussel populations of the Blanco River. Marked
differences were noted in the number of species
and the populations of mussels above and below
the point of entry of the sewage effluent (Table
10}. Initially during the study period large
numbers of mussels were found in the river im-
mediately below the sewage effluent (Fig. 1). At
the end of the study period in July, 1977, very
few mussels were found alive at this site. The
large numbers of mussels initially found in the
uppermost portion of the enriched study ares
may have been transported by floods from a large
bed of mussels found just upstream at Site 3 (Fig.
1}

Of the native species, Amblema p. plicate and
Quadrulo petring were the most abundant. The
asiatic clam (Corbicula manilensis) was not

Table 4. Percentage survival in low oxygen concentrations (0-0.5 ng G, l-l).

Species (Number used) 55 hr 110 hr 165 hr
Amblemz p. plicata (B} 88 0 0
Anodenta imbecillis {8} 160 a8 5
Corbicula manilensis (B} 100 8% 89
Cyrtonalas tampicoensis (8) BE 62 is
Toxolasma texasensis (8) 100 Bg 62

p—

oz
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Table 5. Statistical analyses of tolerance tests (SNK) for interspecific mean

survival times.

Tolerance Test

Spaecies Low Oy High NH,

Low Oy + High NHj Diluted Sewage

1) Amblema p.
EIlcata ~-S{all} NS

2) Anodonta
imbecillis +38{L} NS

3) Corbicula
maniiensis +8(1) NS

4) Cyrtonaias
tampigoensis +S (1} NS

Pt e i Lo ol

5) Toxclasma
texasensis +8 (1} NS

-5(3,4,5) -5{all}
+5(1)
-3 (3} -8(3}
+5{1,2,5} +5{all}
+5{L) +5 (1)
«S{3} -5(3)
+3 {1}
_5(3) -

S = Significantly different at 95% confidence interval {~5 = lower; +§ = higher} .
N8 = Not significantly different at 95% confldence interval.

noticeably present in the study area in the spring
or summer of 1976. However, immature Corhicuia
mantlensis were found about 7 km upstream of
the study area in the spring of 1976. Immature
specimens were first evident in the study area in
the spring of 1977, Corbicula manilensis was
found in much higher concentrations above the
sewage effluent than given in Table 9. Densities
of up to 50 m~? of small individuals were found in
the uncontaminated headwaters of the Blanco
River side channel (Fig. 1). The highest numbers
of Corbieula manilensis ocourred in sand-fine
gravel substrates. No living specimens of Cor
biculo mantlensis were found below the entrance
of the sewage effluent in the Blanco River.

DISCUSSION

From the previous records of Strecker (1931)
all of the species collected in the present study,
except the exotic asiatic clam (Corbicula manilen-
518), have been present in the Guadalupe River
drainage for many vears. Since Lampsilis
bracteata is stiil present in the Guadalupe and
San Antonio River drainages, and Quadrula
auren (Lea, 1859} is also present in the
Guadalupe River drainage, the continued ex-
istence of these species may not be threatened.

Athearn (1970) has considered both Lampsilis
dracteata and Quadrule auwren ag rare and en-
dangered in central Texas.

Some species of mussels are limited in their
distribution by the type of stream hottom. For
example, mussels of the genus Anodonta and Lep-
todea frogilis were only rarely found in rocky
substrates (Murray and Leonard, 1962). In the
Blanco River Anodonta imbecillis and other
species with relatively thin, light weight shells
did not occur in swift waters with coarse
substrates. This might be due, in part, to their
physical displacement and/or destruction by the
shearing forces in faster waters.

Considering the rapid dissemination and
population growth of Corbicule manilensis, their
abundance in the upper half of the study area in
1977 was not suprising even though none were
noted in 1976. Gardner ef of. (1976) observed that
the population of Corbicule manilensis in the
Altamaha River (Georgia) increased from a
minimum of 0/m® in 1971 to a maximum of
10,000/m* in 1974, Corbicule manilensis main-
tains a distinctive reproductive advantage over
the usuaily dicecious, slow growing, glochidial-
producing native freshwater mussels. Corbicula is
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monoecious, incubates its free-living larvae and is
sexually mature in jess than one year {Gardner
et al. 1976).

The physicochemical parameters measured
from July, 1976, to June, 1977, for the Blanwo
River were similar to those found from other
parts of the Guadalupe River drainage (Hannan
et al. 1973; Young et al. 1972). The large in-
creases of ammonia-N (300%) below the point of
entrance of the sewage effluent into the river
suggested organic enrichment of the stream. Am-
monia values often are a good index of changes in
trophic status of streams that have been in-
fluenced by excessive enrichment by organic
wastes (Ellis 1937).

Although pronounced changes in the water
chemistry were found below the point of entrance
of sewage effluent into the river, none of the
parameters measured were at concentrations
known to be toxic or harmful to freshwater
mussels. Upon consideration of the sources of
waste entering the secondary treatment plant, ex-
cessive pollution by heavy metals or pesticides
was not likely. The lack of measurable flow in
the Blanco River as reported by the Kyle gauging
station during previous dry periods (USGS.
1976), however, could increase the levels of poten-
tial toxicants te concentrations equal to or
greater than the levels found in the diluted
sewage side channel. When the Blanco River
stops flowing, as it does every few vears, the

Table €,
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sewage Is not diluted when it enters the river
and is then the primary source of water below
the sewage plant.

The levels of ammonia-N, potassium and noc-
turnal dissolved oxygen could be potential
hazards for the mussels during such low flow
periods. Imlay (1973} found potassium levels of 11
ppm to be toxic in 36-52 days to 90% of the
freshwater mussels tested, and for long term sur-
vival. Imlay (1973) postulated that potassium
levels should be no higher than 4 to 10 mg 1. It
is doubtful that potassium would be a problem in
the Blanco River. In contrast, it is well known
that nocturnal dissolved oxygen deficiencies also
can be critical in determining stream distribution
of organisms (Gaufin and Tarzwell 1952).
Organically rich pools or slow moving waters in
the Blanco River might experience extreme fluc-
tuation in 0, concentration, especially at the
mud-water interface. Considering the levels of
potential toxicants (ammonia, low 0, and
potassium)} in the Blanco River, as demonstrated
by their values in the diluted sewage side chan-
nel, ammonia s probably the most lethal stressor
to mussels during the low flow periods.

The depletion of dissolved oxygen that results
from sewage enrichment has been proposed as the
principie stressor influencing molluscan survival
(Ingram 1957). Ells (1937) stated that juvenile
mussels are very sensitive to low oxygen concen-
trations and that- adults usually become quiescent

. . +
Percentage survival in high ammonia (5 mg NH4+NH3—N)

Species {Number used) 55 hr 110 hr 165 hr
Amblema p. plicatsa {9) 78 56 33
Ancdonta imbecillis (9} 1060 67 56
Corbicula manilensis (14} 100 95 62
Cvrtonaias tampicoensis (1o 100 lo¢ 70
Toxolasma texasensis {10) 100 80 80
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Table 7.
(0=0.5 mg 03 1% + 5 mg NH;+NH3—N}
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Percentage survival in low coxygen and high ammonia

Specles (Mumber Used) 33 hr 110 nr 185 nr
Amblema p. plicata { 8 100 25 )]
Ancdonta imbecillis (12} 20 60 40
Corbicula manilensis (15} 100 93 93
Cyrtonaias tampicoensis (10} 88 80 60
Toxolagma texasensis (1o} g0 80 20

when oxygen levels are at or below 20% satura-
tion. However, mussels pgenerally are more
tolerant of low 0, levels than freshwater fishes.
One of the more tolerant of the freshwater fishes,
the carp, survives only a short time in water con-
taining 0.71 mg 0, 1"*. In contrast, in the low 0
tolerance tests (0 - 0.5 mg 0, 1"') about 53% of
the mussels tested In this study survived for
seven days {Table 4},

During the laboratory tolerance tests, the
mussels that did not have their valves closed for
extended periods were more senstive fo stressors
(NH; and/or low 0,). A similar conclusion was
made by Ellis (1937), who reported that if
mussels failed to respond by shell closure to low

Tabkle 8.

dissolved oxygen, then they were more vulnerable
to destruction by pollution. Extended gaping of
the valves usually preciuded death. In the
lahoratory tolerance tests when a mussel began
to gap its valves, death would usually foilow
within several hours.

Mussels that were stressed usually siphoned
less and had their vaives closed for longer periods
than the non-stressed specimens. Badman (1975)
noted that under hypoxic conditions, Elliptio
dilatatus and Pleurobema coccineum increased
periods of valve closure and reduced filtration
rates, whereas in contrast, Allen {1923) reported
widening of the siphons and mantles to pass more
water through the mussel {increased respiration)

Percentage survival to diluted sewage in the Blanco River side channel,

Species (Number Used) 7 days 14 days 21 days 28 days

Amblema p. plicata (16) 12 0 0 2
s

Ancdonta imbeciliis {10} 70 20 0 0

Corbicula manilensis (20} 1400 65 50 50

Cyrtonaias tampicoensis (11) 54 27 0 G




130 THE NAUTILUS

October 30, 1979

Vol. 94 (4)

rable 9. Substrate composition of two typical collecting areas.

Percent Composition
Tvpe 0.5, Series HNo. Size (mm} Upstream Downstream
Boulder - 256 - -
Cobble - €4~256 49,10 20.990
Coarse gravel - 32-64 11.50 26.10
Medium gravel - B-32 24.60 36.50
Fine gravel 8 2-8 12.3¢0 13.00
Very coarse sand 18 1-2 1.80 1.50
Coarse sand 40 0.5~1 0.62 1.54
Medium sand &0 0.25-0,5 0.82 0.32
Fine sand 120 0.125-0.25 0.04 0.10

as a result of low oxygen levels. The various
species may respond differently to environmental
stressors.

The mussels most tolerant of low dissolved ox-
ygen were collected from standing or slow mov-
ing waters. For example, the more tolerant
Amnodonta imbecillis and Tozolasma texasensts
were taken from ponds or reservoirs, while the
more sensitive Amblema p. plicate was collected
in the fast moving waters of the Blanco River. At
least for some mussels, tolerance to low dissolved
oxygen levels might be correlated with distribu-
tion.

Insufficient dissolved oxygen was suggested by
Isom (1971) as a cause for the decline of the
endemic mussel fauna in Fort Loudoun Reser-
yoir, Tennessee. Organic enrichment of the reser-
voir was apparently the causative agent.

Perhaps even the rapid colonization of aguatic
habitats by Corbicula manilensis is due to their
tolerance to stressful physicochemical conditions
as well as their reproductive capabilities. Hable
(1970) found that Corbicula was resistant to low
oxygen levels and that the presence of Anodonta
imbecillis and Corbicula mantensis in Fort Lou-
doun Reservoir, when they had not been

previously detected in the Tennessee River, may
have been -due not only to their fecundity, but
also to their relative high tolerance to low
dissoived oxygen. As with Corbicule manilensis,
Anodonte tmbecillis 18 monoecious and has
glochidia that may develop to maturity without a
living host (Murray and Leonard 1962},

The lack of significant differences in survival
capacities to elevated ammonia levels
demonstrated that of the mussels tested, all are
relatively sensitive to ammonia. In aerated
aquaria, where the pH of the testing waters
varied from 7.8 to 8.2 and was similar to the pH
of the Blanco River, concentrations of & mg
ammonia-N 1-* were lethal to 4% of the
mussels tested in seven days (Table 6). The am-
monium ion (NH%) is not very toxic, but molec-
ular NH, is highly toxic. The proportion of
ammonia to ammonium ions greatly increases
with decreasing hydrogen ion concentrations, and
as reported by Ellis (1937), pH is an important
factor in the toxicity of ammonium compounds to
aguatic animals. For instance, Ellis (1937) found
that for daphnia and gammarids, the toxicity of
ammonium compounds increased 200 or more
as pH increased from 7.4 10 8.0.
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With concentrations of 6.8 mg ammonia-N 1
(pH 7.85), the diluted sewage in the side channel
contained ammonium levels which exceeded the
experimental ammonium levels utilized in the
laboratory. The concentrations of 184 mg
ammonia-N 1! in the sewage effluent would pre-
sent potentially lethal levels if the effluent com-
posed 20% or more of the total stream flow. Such
conditions would exist in the Blanco River if the
flow was reduced to about 0.1 m?® sec! which
would be 15 times lower than the minimum flow
(1.5m? sec ! found for 1976-1977.

Over long periods, much lower concentrations
of ammonia may be detrimental to musseis. Ellis
(1937) found that 1.5 mg ammonia ' was the
maximal concentration not indicative of organic
pollution. In streams with pH values ranging
from 74 to 853, ammonia levels of 25 mg I
would tend to be detrimental to many freshwater
animals {Ellis 1937). Levels of ammonia-N prob-
ably should be kept below 1 ppm in all streams
containing mussel populations.

Mussels are more sensitive to ammonia than
the common goldfish, Carassius awratus, which
Ellis (1937) listed as tolerant to 10 ppm am-
monium carbonate {pH 7.7) for more than four
days. Conversely, and as mentioned -earlier,
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physiologically mussels are less sensitive to low
dissolved oxygen levels than goldfish. However, a
mussel’s chances for survival when unfavorable
conditions occur is reduced by their lack of
mobility and confinement to the substratum.
Maximum allowable ammonia-N levels in a
fishery is 0.02 mg 1! (Wellingham, 1973; NAS
and NAE, 1972).

In general, laboratory tolerance fests
demonstrated that Corbicula manilensis was the
least, and Amblema p. plicute the most sensitive
of the mussels (Table 5). However, not all
Amblera can be called “sensitive”. On the basis
of their high densities in “conditionally polluted
areas”, Richardson (1928) postulated a species of
Amblema [A. rartplicatal to be the least sensitive
of the mussels sampled in the {linois River.

Since specimens for this study were collected
by handpicking, the youngest age classes of
mussels were not observed. Mussels less than
three years of age are commonly overlooked when
handpicking {Van Cleave 1840} No information,
therefore, was collected on mussel reproduction
when exposed to the stressors or on larval
tolerances. It is likely that individuals of the
same species, but of different ages, have
dissimilar tolerances to stream pollutants (Ellis

Table 16. Quantitative samples of the freshwater mssels of the Blanco River.

Upstream (Z/m2)

Downstream (X/m2)

Species Site 1 Site 2

Site 3 Site 5 Site &

Amblema g.
plicata 2.7 6.8

Corbicula
manilensis 1.6 0.0

Cyrtonaias
ramplicoensis 0.0 0.6

Lampsilis a.
anodontoides 9.1 0.0

Lampsilis
hbracteata G.

e
[e=3
<

Quadrula
petrinad 0.2 0.5
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1937}, Pollution tolerance data, therefore, must be
viewed with caution.

Based upon the resuits of this study the sug-
gestion by Weber (1970) that Corbicule is less
tolerant than Amnodonta imbecillis to organic
pollution may be incorrect.

Due te the intolerance of mussels to diluted
sewage in the side channel and because the
substrate and other physical factors below the ef-
fluent of the treatment plant of San Marcos are
basically similar to those factors upstream, the
decreased number of mussels downstream was
prohably due to organic enrichment (Fig. 10}, The
severity of sewage pollution would increase
tremendously during low or no flow periods. No
other explanation is available at present to ac-
count for the disproportionate lack of mussels
below the entrance of the sewage effluent in the
Blance River.

Simone and Reed ({1975} noted that the
molluscan segment (mostly mussels) of the ben-
thic community represented a more sensitive por-
tion of the macrobenthos than did most insects in
the North Anna River, Virginia. The point of full
“blological recoverv” of the North Amna River
was assumed to have been where the mussel
populations had been reestablished (Simons and
Heed 1975).

As suggested by Ingram (1957) and from data
presented here, mussels may have value as in-
dicators of nonpoliuted waters because their
presence typically indicates high dissolved oxygen
and associated chemical and physical conditions.
For determination of the severity of water pollu-
tion reduced numbers of “clean water” species
which were formerly present in the stream may
be more important than an abundance of known
pollution resistant forms (Richardson 1928).

The following conciuding remarks can be made
from the tolerance tests and field studies.

(1) Low dissolved oxygen levels (0 - 0.5 mg €,
1-%) proved lethal to 47% of the mussels tested in
seven days.

(2) Levels of 5 mg NH:-NH, 1 (pH 7.8 10
8.0 were lethal to 40P4 of the mussels tested in
seven days.

{3} Even in waters with dissolved oxygen levels
not indicative of pollution, ammoniza levels can be
iethal to mussels.

(4} Corbicule manilensts is generally more

Octaber 30, 1979

Vol. 94 (4)

tolerant and Amblema p plicata less tolerant
thar the other mussels tested to stressors
associated with sewage enrichment.

{5) Even though the physicochemical
parameters did not indicate stressful condifions
on the days sampled, mussels of the Blanco River
seemed to have been adversely affected by enrich-
ment from the secondary sewage treatment plant
of San Marcos. Fewer mussels were found
downstream from the sewage plant than
upstream.
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