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Oxygen Consumption, Ammonia Excretion and

Filtration Rates of Three Size Classes of Zebra Mussels

Collected in the Seneca River, New York

1.0 INTRODUCTION

In August 1999, the County of Onondaga Department of Drainage and Sanitation (County)

retained Beak Consultants Incorporated (Beak) to perform an assessment of the dreissenid

mussel population in the Seneca River system as a part of the County's Ambient Monitoring

Program (AMP). The primary goal of this program was to provide data required to update a

mathematical model that will assist the County in making future management decisions

concerning the discharge of treated wastewater into Onondaga Lake and the Seneca River

system. The existing model was developed prior to the establishment of a large population of

zebra mussels in the river. To update the kinetic framework of the model to include the effects of

zebra mussels, an accurate assessment of the bioactivity of the mussels in the Seneca River is

required

Zebra mussels (Dreissena polymorpha) have the capacity to affect the oxyge~ tritrogen and

phosphorus dynamics of a water body. Reported oxygen consumption rates for zebra mussels

can exceed 0.6 ppm of oxygen per hour per gram (dry weight) of mussel soft body tissue for

mussels held at 17.1 °C (Sprung and Borcherding 1991). Large densities of mussels can,

therefore, be expected to depress oxygen levels in a water body. Various investigators have

documented changes to the nitrogen and phosphorus budgets in lakes and rivers after zebra

mussel invasions that can directly be attributed to filtration by zebra mussels (Anott and Vanni

1996, James et at. 1997, Johengen et at. 1995, Heath et at. 1995, Eiller et at. 1997).

Aldridge et at. (1995) investigated the effects of temperatures between 20° and 32°C on the

oxygen consumption, ammonia excretion and filtration rates of zebra mussels. They conducted
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these laboratory based studies on 13 mID to 17 mID mussels that were collected from the U.S.

AIn1y Corps of Engineers (ACOE) Black Rock Lock Facility on the Niagara River in Buffalo,

New York. Separate groups of mussels were acclimated to 20°, 24°,28° and 32°C prior to the

tests.

The County requested that Beak conduct a study comparable to Aldridge et al. (1995) using

mussels collected from the Seneca River to address any site-specific differences in the oxygen

consumption, ammonia excretion or filtration rates of Seneca River mussels. To better satisfy

the requirements of the Seneca lliver mathematical model, three size groups of mussels were

tested: mussels approximately 10 mm or less (total length along the longest axis), mussels greater
,-

than 10 rom and less than approximately 20 mm, and mussels greater than 20 mIn. To better

represent the expected water temperatures in the Seneca River during the muss~ls' active period,

the 32°C test was replaced with a test on mussels acclimated to 15°C. Except as noted in Section

2.0 of this repo~ the methods used in this study followed Aldridge et at.

This report provides the results of the laboratory study on oxygen consumption, ammonia

excretion and filtration rates of Seneca River zebra mussels conducted by Beak in 1999-2000.

The results of these laboratory studies are also used in conjunction with the results of a previous

study conducted by Beak to detennine the population characteristics of zebra mussels in the

Seneca River. Information from the population study on the distribution, density and size

frequency of mussels along the Seneca River are used to estimate the oxygen consumption,

nitrogenous excretion and total filtration caused by the existing mussel population.
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2.0 METHODS

Zebra mussels for all tests were collected at a number of locations along the Seneca River in

At each location, mussels were scraped from the hard substrate with aearly November 1999.

drywall seamer, being careful to sever the byssal threads from the substrate and not the body.

These mussels were wrapped in wetted newspaper, placed in coolers on ice and transported to

Beak's Lancaster, New York laboratory. At the lab the mussels from all locations were

compo sited and held at approximately 15 to 20°C in 380-1 plastic tubs in dechlorinated, aerated

tap water. Prior to the acclimation period, the mussels were separated into the three size ranges

to be tested: approximately 10 mIn and less (total shelll~gth along the axis), greater than 10

rom and less than approximately 20 mIn, and greater than 20 mIn. As a conyention for this

For each ofreport, these size classes of mussels will be referred to as small, medium and large.

the three size groups, approximately 50 individuals were placed into. each of four separate 1O-cm

x 12-cm x 12-cm cages fitted with I-mm mesh.

On November 19, 1999, one cage of each siZe group of mussels was placed into one of four 25-1

glass aquaria containing 15°C dechlorinated tap water. Acclimation temperatures were

established by increasing the temperature by approximately 1°C per day until the test

temperature was reached. The 15°C teSt tank was held at the initial temperature. The 20°C tank

was at temperature on November 30, the 24 °c tank was at temperature on December 1, and the

28°C tank was at temperature on December 3. Chillers with mixers (Frigid Unit D116 1/6 bp
-,

unit) were used in conjunction with aquarium heaters (Aquatic System Visi- Therm VTN 200

watts) to maintain temperatures in the 15°C tanks, while aquarium heaters alone were used to

maintain the wanner temperatures. The mussels were fed dried Chlorella every other day

throughout the experiment, except when tests were conducted. The photoperiod cycle was

maintained at 14 hours of light and 10 hours of darkness. Once the desired test temperatures

were met, the mussels were held for at least 30 days prior to testing. An Onset Optic Stowaway

Temperature Sensor (Model 1462-A) was placed in each acclimation tank to provide a record of

the temperatures in the tanks. Every other day. approximately 20 percent of the water in each

acclimation tank was removed and replaced with dechlorinated tap water that was at the tank

temperature.
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2.1 O~gen ConsUlllntion Studv Methods

Prior to the onset of the test program, 10 pairs of randomly selected mussels were taken for each

size class and test temperature and placed into individually numbered mesh bags, which were

constrUcted with bridal veil fabric and closed with a cable tie. This was done so individual

mussels could be tracked through all of the tests. Pairs of mussels were used instead of single

mussels as in Aldridge et al. (1995). From discussions with these investigators, it was decided

that results using single mussels could be near or below the detection limit of the oxygen and

ammonia meters within the time frame that would not stress the test mussels. The mussels were

not fed after 48 hours prior to the oxygen consumption tests.

Tests were conducted on the 28°C acclimated mussels on January 12,2000, on the 20°C mussels

on January 17, the 24°C mussels on January 18, and the 15°C mussels on January 19. To

conduct the oxygen consumption test, the mussels were removed from the mesh bags, examined

for viability and placed into labeled 300-ml BOD bottles that contained fully oxygenated,

Three water-filled BOD bottles that had nodechlorinated tap water at the test temperature.

mussels were used as controls. All samples were capped and placed in a water bath to maintain

temperature. Mussels were allowed to respire (consume DO) in the bottles. This period was

selected based on oxygen consumption rates determined previously so that a maximum

difference of 2 ppm was achieved. A greater than 2 ppm drop in DO could stress the mussels in

the test bottles. DO measurements were taken with an Orion pH/ISE Meter (Model 290A) with

an Orion Model No. 97-0-99 DO Probe. DO was measured in the control samples at the

beginning and end of each test run. After the oxygen detemlinations were made, the mussels

were placed back into the mesh bags, returned to the acclimation tanks and returned to feeding

conditions prior to being used for the ammonia excretion tests.

2.2 Ammonia Excretion Study Methods

Mussels were not fed after 48 hours prior to the ammonia excretion tests. Ammonia excretion

tests on the mussels acclimated to 28°C aIld 24°C were conducted on January 24,2000, and tests

on the 15°C and 20°C acclimated mussels were conducted on January 25. Mussel pairs were

removed from the mesh bags, examined for viability, and placed into individual glass vials that

Beak Consultants Incorporated
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All mussels held at thecontained 10 ml of dechlorinated tap water held at the test temperature.

same acclimation temperature were tested concurrently. Three vials filled with 10 rot of test

water were used as controls. All vials were placed into a water bath to maintain test

Mussels were held in the vials at least 1.5 hours prior to measuring ammonia

The mussels were then removed from the vials, put into their mesh bags and
temperatures.

concentrations.

returned to the acclimation tanks, where feeding was resumed. Ammonia concentrations were

measured with an Orion pH/ISE Meter (Model 290A) with an Orion Model #95-12 Ammonia

Probe.

2.3 Filtration Study Methods

The filtration tests were performed on February 21-22, 2000 on mussels held at 15°C, 20°C, and

24°C. Tests were not conducted on mussels held at 28°C due to excessive mortality, which had

been expected based on reported mortality of mussels held at temperatures greater than 24°C for

prolonged periods. To conduct the filtration test. mussel pairs were removed from the mesh bags

and the shells were washed in dechlorinated tap water to remove any debris. Mussels were

placed into test chambers that consisted of a I-inch long, I-inch diameter PVC pipe with I-mm

mesh fabric screening over each open end. The chambers containing mussels were placed in

aerated dechlorinated water for 15 minutes to remove any debris (e.g., pseudofeces) that would

interfere with the results. The chambers then were rinsed thoroughly.

For the filtration tests, the mussel chambers were suspended in 250-ml beakers containing 210

ml of Ch/orella at the concentration of 67.3 ppm. Two samples that contained 210 m1 of 67.3

ppm Chiarella with no mussels and two samples with only dechlorinated tap water served as

controls. The beakers were set in a water bath and gently stirred. After 45 minutes, a lO-ml

sample was collected from each bottle and were refrigerated. Mussels were allowed to filter for a

total of 1.5 hours and then removed. The contents of each beaker were poured into an

individually labeled 160-ml reagent bottle and were refrigerated until spectrophotometric

analysis was conducted.

Beckman Model DB Prismanalyses conductedSpectrophotometric usmg awere

A standard curve was developed using six solutions of ChlorellaSpectrophotometer.

.5 Beak Consultants Incorporated
Filename: U\CM\CLL \OaReport99rev I.doc

County of Onondaga Department
of Drainage and Sanitation



concentrations ranging from 13.5 ppm to 80.1 ppm. Reductions in Chiarella concentrations

were converted to filtration rates using the standard curves.

After tests were completed, all mussels were measured along the longest axis. Mussels then

were placed into 10 percent lING) to decalcify the shells. The decalcified mussels were placed

in separately labeled plastic bags and frozen for possible additional analysis.



3.0 RESULTS

Appreciable mortality occUlTed for the mussels held in the 28°C acclimation tanks. This

mortality was expected, since mussels held at temperatures of 24°C or greater generally are

stressed because their energy expenditure exceeds their rate of assimilation (Aldridge et at.

1995). Too few small mussels survived in the 28°C acclimation tanks to perfonn the ammonia,

oxygen or filtration tests. Mortality occurring during the interval between the oxygen and

ammonia tests also precluded collection of ammonia data on large mussels .held at 28°C. Further

mortalif:Y occurred during the intervals between the ammonia and filtration tests, thus precluding

analysis of all mussels acclimated to 28°C and small and medium mussels acclimated to 24OC.

The mean lengths of the small mussels from the 15°,20°,24°, and 28°C acclimation groups were

9.97:1: 0.261 mm (mean:!: standard error, n = 19),9.47:1: 0.208 mm (n = 19),9.95:1: 0.223 rom (n =

The mean lengths for the medium mussels for20) and 10.5O:t 0.500 mm (n = 2), respectively.

the 15°,20°, 24°, and 28°C acclimation groups were 15.i5:!: 0.340 mm (n = 20), 16.53.t 0.370

mm (n = 19), 16.45.t 0.312 mm (n = 20) and 16.47.t 0.319 mm, respectively. The mean lengths

for the large mussels from the 15°, 20°, 24°, and 28°C acclimation groups were 22.35:t 1.55 mm

(D = 20), 23.29:t 1.251 mm (n = 20) and 22.2O::t: 1.039 mm (n = 20), respectively. The mean

lengths of individual mussels were not significantly different (ANOV A, P ~ 0.05) among the

acclimation temperatures for either the small or large size groups. There was a significant

difference in the mean lengths of mussels among the acclimation temperature in the middle size

group (ANOV A, p = 0.010); mussels accliIilated to 15°C on average were significantly smaller

(15.15:t 0.340 rom) than the 20°C (16.53:t 0.370 mm), 24°C (16.45:t 0.312 mm) or 28°C (16.47:t

0.319 mm) acclimation groups. Although differences were statistically significant, all of the

means for the medium mussels fell well within the desired range (i.e., greater than 10 mm and

less than 20 rom). The mean length of the small mussels held at 28°C Was greater than lO mID,

which could indicate growth during the acclimation period.
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3.1 Oxv2:en Consum}2tion Results

The mean rate of oxygen consumption (ppm of oxygen/mussel/hr) ranged from O.OOl99:t

0.000169 ppm for the small mussels acclimated to 15°C to 0.04695:1: 0.009449 ppm for the large

mussels acclimated to 28°C (Table 1).

At each temperature, there was a significant difference (ANOV A, P < 0.005) in the rate of

oxygen consumption among the size groups (Figure 1). The mean oxygen consumption rate at

each temperature was least for small mussels and greatest for large mussels. A post-hoc Least

Significant Difference Pairwise Multiple Comparison test (LSD PMS) was conducted to

determine where the significant differences resided. For each temperature, all size groups of

mussels were significantly different from each other.

There was also a significant difference (ANOV A, P < 0.05) in the oxygen consumption rates for

each size group of mussels across acclimation temperatures. A post-hoc LSD PMC test was

conducted to detennine where the significant differences resided. For large mussels, the oxygen

consumption rates were significantly lower (p < 0.05) at 15°C tl1an at all other temperatures and

were significantly lower at 24°C than at 28°C. For medium mussels, the oxygen consumption

rate at 15°C was significantly lower (p < 0.05) than at 20°, 24°, and 28°C. For small mussels,

the oxygen consumption rate at 15°C was significantly lower (p < 0.05) than at 24°C. There

were no other significant differences in the rate of oxygen consumption across temperatures.

3.2 Ammonia Excretion Results

The mean rate of ammonia excretion (ppm ammonia/mussel/hour) ranged from O.OO00485:t

0.00000445 for small mussels held at 20°C to 0.000916::1: 0.000266 for the medium mussels held

at 24°C (Table 1). No ammonia tests were conducted on the small or medium mussels

acclimated to 28°C due to extensive mortality during the acclimation phase.

At 15°, 20° and 24°C, there was a significant difference (Kruskal Wallis Test, p < 0.05) in the

ammonia excretion rates among size groups. The non-par~etric Kruskal Wallis test was used

because of a violation of the assumption of homogeneity of variance required for the parametric

8County of Onondaga Department
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At 15° and 20°C, theANDY A, which could not be resolved using data transfonnations.

ammonia excretion rate was least for the small mussels and greatest for large mussels (Figure 2).

Post-hoc testing (LSD PMC test, p < 0.05) indicated that there were significant differences

among all size groups of mussels at 15° and 20°C. At 24°C, the ammonia excretion rate of the

small mussels was significantly lower than the medium or large size groups. There was not,

however, a significant difference in the excretion rate between the medium and large mussels

acclimated to 24°C.

There was a significant difference (ANOV A, p< 0.005) in the excretion rates for each size group

of mussels acclimated to different temperatures, but the relationship between excretion rate and

temperature among the size groups was not consistent (Figure 2).

f;f/a1;~~
VA' 'tz, of
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3.3 Filtration Study Result§

The mean filtration rates (measured as reduction orCh/orella concentrat

~~'Lt;~e.1.96 mg/mussel/hour for small mussels at 15°C to 23.553 :t 2.288 n

mussels at 24°C. A single small mussel acclimated to 20°C had a meal

This result was not used in further analyses because it was based on a singlemg/hour.

individual.

There was a significant effect of acclimation temperature on the filtration rate of large mussels

(ANOY A, p<O.OOOI) and medium mussels (ANOY A, p<O.OOOI). Large mussels at 15°C had

significantly lower filtration rates than at 20°C or 24°C. Filtration rates for large mussels at 20°C

and 24°C were not significantly different. Medium mussels at 15°C had significantly lower

filtration rates than at 20°C.

The filtration

There was no

Mussel size had a significant effect on filtration rates at 15°C (ANOV A, p<O.O5).

rate for large mussels was significantly greater than for medium or small mussels.

significant effect of size on filtration rates for mussels acclimated to 20°C.



4.0 DISCUSSION

4.1 Comnarison of Results to Previous Studv

In general, the results pertaining to oxygen consumption and ammonia excretion generally were

comparable to those found by Aldridge et al. (1995) (Table 23). Filtration results in the present

study, however, were higher than in the previous study. Aldridge et al. (1995) performed tests on

mussels approximately 13 mm to 17 mm in size, corresponding to the medium size category in

this study. Aldridge et al. tested mussels acclimated to 20°, 24°, 28° and 32°C, so data

overlapped the present study only at 20°, 24° and 28°C.

~ '23of see I CJ ~\t
The oxygen consumption rates of the present study were about one third~~ ~ those found by

Aldridge et aI. Given the standard errors calculated for each study, the ammonia excretion

results were not different. The filtration results were more than an order of magnitude greater in

the present study than in the Aldridge study (Table 23)

Differences in these parameters between the two studies are likely due to population-specific

differences of the zebra mussels rather than laboratory protocol. In general, methodologies used

in the present investigation were identical to those used by Aldridge et aI. There were minor

changes in protocol, such as using two mussels per test, but it is unlikely that these changes

affected the results.

Holding mussels for long periods at the higher acclimation temperatures could have produced

stresses not found in the natural environment of the Seneca River, where high temperatures are

not sustained for as prolonged a period Extensive mortality of mussels held at the higher

temperatures indicated a very stressful condition. Aldridge et ai. (1995) estimated that between

24°C and 28°C, the energy expenditure of the 15-mm mussels exceeds their assimulative

capacity, resulting in negative growth which, if sustained, would result in death. They postulated

that smaller mussels would be more adversely affected than larger mussels, as occurred in the

toCounty of Onondaga Department
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present study. The impact of these temperature-related stresses on the study results cannot be

deteInlined.

4.2 R~lationshiD to Ponulation Distribution Stud~

The primary objective of this study was to detennine the consumption of dissolved oxygen,

excretion of ammonia and filtration rate by the zebra mussel population that exists in the project

reach in the Seneca River. This information will ultimately be used in the mathematical model

of the Seneca River developed by the County.

In fall 1999, Beak and County personnel conducted a study to determine the distribution and

abundance of zebra mussels along an approximately 30-mile reach of the Seneca and Oneida

Rivers, from just east of Cross Lake eastward to near Schroeppel Island, about 4 miles east of the

confluence of the Seneca, Oswego and Oneida Rivers. In that study, reaches of the river

containing comparable contiguous habitat (water quality, flow and substrate) were mapped.

Based on this assessment, 19 habitat zones were used to describe the study area (Figure 4).

Within each habitat zone, standardized techniques using SCUBA were employed to collect

samples of the substrate and resident zebra mussels. Subsequent analyses were performed to

deternrine the density (number of mussels per square meter), size distribution, and biomass of

zebra mussels in each of the 19 habitat zones. Detailed methods and results can be found in the

County Report entitled "1999 Seneca River Dreissenid Mussel Assessment Program

Distribution of Zebra Mussels Along a Selected Reach of the Seneca River."

For each habitat zone, the density of zebra mussels was detennined for each of the following

mussel size categories: 10 mm and less (measured along the longest axis), greater than 10 mm

and less than 20 mm, and greater than 20 mm (Table 3). These size categories were also used for

the laboratory tests. Oxygen consumption, ammonia excretion and filtration rates of the zebra

mussels per square meter present in each habitat zone were estimated by multiplying the mean

rate of the parameter for individual mussels by the mean density of the mussels within each size

category (Tables 4-23). Standard errors were also calculated.
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Overall, the greatest oxygen consumption by zebra mussels per square meter was estimated for

Habitat Zones ill and :xvn - :xvrn (Figures 5-7). Relatively high oxygen consumption also was

estimated for Zones V, VII and VIII. Since the number of mussels controls the total oxygen

consumption, this trend would be consistent over all temperatures. The greatest overall rate of

oxygen consumption (70.84 ppm/m2/hour) would be in Habitat Zone xvn at 20°C (Table 24 and

Figure 6). At 15°C, the greatest rate of oxygen consumption (30.46 ppm/m2 x hour) would be in

Habitat Zone ill (Table 24 and Figure 5). At 24°C, the greatest rate of oxygen consumption

would be in Zone xvn (45 ppm/m2 x hour) (Table 24 and Figure 7). Except in Zones II, ill and

XIV, the density of large mussels would contribute heavily to the oxygen consumption for each

zone. In Zones n, ill and XIV, the relatively high densities of small mussels in these zones

increased their contribution to the overall oxygen consumption, although small mussels consume

significantly less oxygen than larger mussels.

Mussel density also influences the amount of ammonia excreted per square meter per hour.

Therefore, the ammonia excretion rates across habitat zones generally would parallel oxygen

consumption rates (Figures 8-10). At 15°C, the greatest ammonia excretion rate would be in

Zone vn (1.10 ppm/m2/hour) (Table 24 and Figure 8). High excretion rates also would occur in

Habitat Zones ill, V, VIII and XVIII. At 20°C, the greatest ammonia excretion rate would be in

Habitat Zone XVII (1.04 ppm/m2/hour). Ammonia excretion rates also would be high in those

habitat zones at 15°C. At 24°C, ammonia excretion rates would be highest in Zone ill (2.86

ppm/m2/hour) (Table 24 and Figure 10), followed by Zone V (1.74 ppm/m2/hour) and by Zone

vm (1.47 ppm/m2/hour). Zones XVII and xvIn, which would have the greatest ammonia

excretion rates at 15°C and 20°C, would have rates of only 1.41 ppm/m2/hour and 1.28

ppm/m2/hour, respectively at 24°C. This may be attributed to increases in individual excretion

rates of small and medium mussels as temperatures increase to 24°C, whereas there would be

virtually no increase for large mussels at 24°C (Figure 2), possibly because of their differing

reaction to stresses from higher water temperatures.

The filtration rate for zebra mussels would be much greater in Zone ill than in any other zone

(Figures 11 and 12). At 15°C, the filtration rate in Zone ill would be 88,397.62 mgim2/hour



(Table 24). At 20°C, it would increase to 335,134.30 mg/m2/hour. At both temperatures, the

next greatest filtration rate would occur in Zone XIV. At 15°C and 20°C, the filtration rate of

small mussels would be comparable to medium and large mussels (Table 2), so filtration rates

were controlled by the total density of mussels in a zone rather than a particular size of mussels.
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5.0 CONCLUSIONS

This study provides infonnation on the rate of oxygen consumption, ammonia excretion and

filtration by zebra mussels along a reach of the Seneca and Oneida Rivers. Based on this

infonnation, any point in the study reach can be assigned a consumption, excretion or filtration

rate expressed in parts per million per square meter of substrate per hour, based on the ambient

water temperature. This information can be used to update the kinetic framework of the

mathematical model to include the effects of the zebra mussel on these parameters.

The values developed are based on the population as it existed in the fall of 1999. Significant

changes to the population structure have been reported in the project reach (see "1999 Seneca

River Dreissenid Mussel Assessment Program - Distribution of Zebra Mussels Along a Selected
'-

Reach of the Seneca River"). These changes could profoundly impact the effect that the mussels

have on the water body. The unpredictability of the extent of these changes from year to year

suggests that periodic checkS of the status of zebra mussel population in the study reach be made

to ensure the accuracy of the mathematical model.
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Table 2. Mean freeze-dried Chiarella clearance rate
by Seneca River zebra mussels, by acclimation
temperature and mussel size group

L- ,/( IY/.e r' ~ ,.

Mean
Size group
10-20mmTemperature (C) <10mm

6.668

26.091

>20mm
11.967
20.295
23.553

7.820
23.426

15
20
24

Standard error

Temperature (C)---
<10mm
1.196

>20mm
0.892
1.435
2.288

Size group
10-20mm

1.379
0.980

ls
20
24
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APPENDIX A

Raw data for Onondaga zebra mussel dissolved oxygen consumption study

Raw data for Onondaga zebra mussel ammonia excretion study

Raw data for Onondaga zebra mussel Chlorella clearance rate study
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