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AR Enhanced Phosphorus Recycling
Vi by Zebra Mussels at High Density
Levels in Relation to Food Supply

by William F. James, John W. Barko, and Harry L. Eakin

PURPOSE: Thistechnical note examines phosphorus excretion by zebramussels asafunction of
zebramussel density and food availability using laboratory microcosms.

BACKGROUND: Inadditiontotheir ability tofilter and removelargequantities of seston from the
water column, zebramussels (Dreissena polymorpha) play avery important rolein accelerating the
remineralization of filtered organic matter into solubleformsthat can berecycled back tothepelagic
food web. Nutrient remineralization may occur directly via excretion of soluble nutrients (Heath
et a. 1995) and indirectly via decomposition of feces and pseudofeces (Klerks, Fraleigh, and
Lawniczak 1996). Thus, while filtering activities can be beneficial in clarifying the water column
(Reeders and de Vaate 1990) and improving light transparency for littoral flora (Skubinna, Coon,
and Batterson 1995), enhanced solubl e nutrient remineralization by zebramussel smay be detrimen-
tal in promoting ashift in phytoplankton dominance to noxious blue-green algae (Arnott and Vanni
1996). Thus, it isimportant to identify and quantify nutrient remineralization mechanismsto fore-
cast changes in ecosystem structure due to zebra mussels.

Recent studies have estimated excretion of soluble phosphorus (P) by zebramussels based on labo-
ratory experiments (Mellina, Rasmussen, and Mills 1995; Arnott and Vanni 1996; James, Barko,
and Eakin 1997) and mass balance approaches (Effler et al. 1997). These studiesindicate that zebra
mussel s are capabl e of markedly impacting the P economy of aquatic systems. In addition to excre-
tion, zebramussel smay al so recycle P back to thewater column viatissue emaciation during tempo-
rary periods of growth stress such as seasonal declinesin food availability and type of food. This
potential avenue of P recycling hasreceived minor attention, yet it may constitute animportant flux
of Pto aguatic systemsinvaded by zebramussels. In addition to food availability, other factors that
may induce lack of growth and tissue emaciation include occurrences of turbidity, which decrease
thefiltering efficiency of zebramussels(Madonet a. 1998), and changesin temperatureand salinity
(Spidle, Mills, and May 1995). Using laboratory microcosms, the hypothesisthat decreasesinfood
availability canlead to enhanced Precycling by zebramussel s dueto growth stress and ti ssue emaci-
ation wastested. To test thishypothesis, zebramusselsover arange of densitieswere subjected toa
constant food resource supply.

METHODS: Flow-through laboratory microcosms (4-L polycarbonate containers), asdescribedin
James, Barko, and Eakin (1997), were used to examine P recycling by zebramussel sover arange of
densities. Three replicate control microcosms contained lake water, while replicate experimental
microcosms (threereplicatesfor each experimental treatment) contained |akewater and zebramus-
sels. Experimental treatmentsconsisted of four discretelevel sof zebramussel densities(Table1).

Using freshly collected |ake water obtained daily from Eau Galle Reservoir, Wisconsin, aresidence
timeof ~0.6day (i.e., flow rateof 2.4L/day)wasmaintained for each microcosm using aperistaltic
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Table 1
Losses Over a 2-Week Period in Mean (£1 S.E.; n = 3) Fresh Weight of the Entire
Zebra Mussel Population Contained Within Each Microcosm’

Density, individuals m? Amg Fresh Weight/Individual
600 -8.4 (49.0)

1,300 -4.1 (11.6)

2,600 -30.2 (5.1)*

5,200 -62.1 (12.4)*

1 | osses expressed on a per-individual basis (asterisks indicate significant (p < 0.05) losses in fresh weight mass
(paired comparisons t-test; SAS 1994))

pump system. Each evening, fresh lake water was homogeneously mixed, with 3.5-L aliquotsdis-
pensed into separate 5-L plastic containers for inflow into each microcosm. The inflow containers
were gently aerated to maintain particlesin suspension during pumping. Outflow water from each
microcosm was collected daily in plastic containers. To maintain accurate water and material fluxes
for each microcosm, inflow and outflow volumeswere measured inlitersat daily intervals. Theas
sembled flow-through microcosms were placed in a temperature-controlled water bath (18 °C)
where they were gently aerated using air stonesto maintain aerobic conditions. The duration of the
study was 2 weeks (14-28 August 1996).

The zebramussels used for the study (mean length = 22 mm + 0.2 standard error (S.E.); minimum
length = 9 mm; maximum length = 33 mm) were collected from Lake Pepin, Upper Mississippi
River, 2 weeks prior to initiation of the study. Shortly after collection, they were gently removed
from substrate by cutting byssal threads with a razor blade and placed in a constant-temperature
(18 °C) water tank (~ 100 L). The zebra mussels were maintained with fresh |ake water (collected
daily) that was constantly circulated through the tank at arate of ~ 100 L/day. Thelake water had a
total chlorophyll (viablechlorophyll a= 10 pg/L, phaeophytina= 6 pug/L) content of ~16 ug/L. The
shell length of each zebra mussel was determined to the nearest 1 mm prior to incubation in
MiCrocosms.

Six timesduring the 2-week study, subsampleswere collected from microcosm outflowsfor chemi-
cal analyses. Samplesfor total P were predigested with potassium persulfate according to Ameel,
Axler, and Owen (1993) before determining concentrations colorimetrically on an automated sys-
tem (Lachat Method 10-115-01-1-A, Lachat QuikChem AE System, Zellweger Analytics/Lachat
Instruments Division, Milwaukee, WI). For analysis of soluble reactive P (SRP), water samples
were filtered through a 0.45-um filter (Gelman Metricel) prior to analysis. SRP (Lachat Method
10-115-01-1-A) was analyzed colorimetrically using automated procedures (American Public
Health Association (APHA) 1992). Samplesfor the determination of chlorophyll werefiltered onto
glassfiber filters(Gelman A/E), macerated with atissuegrinder, and extracted in 90 percent alkaline
acetone at 4 °C for a minimum of 2 hours (APHA 1992). Viable chlorophyll a and phaeophytin a
weredetermined from the clarified extract accordingto APHA (1992). Total chlorophyll wascalcu-
lated as the sum of viable chlorophyll a and phaeophytin a.



ERDC WQTN-PD-09
May 2001

To determine concentration changes and rates of P recycling due to zebra mussel activities, mean
outflow concentrations obtained from the control microcosmswere compared with outflow concen-
trations obtained from individual zebramussel density treatments. It was assumed that outflow con-
centrations of the control microcosms reflected the difference between inflow concentrations and
sedimentation in the inflow containers. Rates of total chlorophyll removed by zebra mussels and
rates of P recycling via zebra mussels were calculated as

(Cex - Ccontro” X Q/ A (1)
where
Ceyp =mean daily concentration of the outflow for experimental microcosms

C.ontroi = Mean daily concentration of the outflow for control microcosms
Q =daily flow rate (L/day)

A = either the cross-sectional area of the microcosms (0.0176 m2) or the tissue dry mass
of the zebra mussels

Immediately before and after the study, thefreshmass (i.e., moist shell and tissue mass) of theentire
zebra mussel population contained within each experimental microcosm was determined.

A relationship between shell length and tissue dry masswas determined using additional zebra mus-
sels collected from Lake Pepin. Soft tissue dissected from each zebramussel wasdried at 40°Ctoa
constant mass for dry mass determination. A relationship between shell length and tissue dry mass
described by the equation

tissue dry mass, g = 1 X 107° 2848 (2

where L = length, mm, was used to estimate soft tissue dry massfor zebramussel sused in the experi-
mental microcosms.

RESULTS AND DISCUSSION: Mean concentrations of chlorophyll in the outflow from the
control microcosm availablefor zebramussel filtration werelow over time, ranging between 3.4 and
15ug/L (Figure 1a), duetolow concentrationsinthe sourcewater during the study period. Inexperi-
mental microcosms, mean chlorophyll concentrations were significantly lower (i.e., < 1 ug/L) than
control concentrations at all zebramussel density levels, indicating substantial removal of chloro-
phyll inputs asaresult of zebramussel filtering activities. While areal rates of chlorophyll filtration
weremore similar over al density levels (Figure 1b), the rate normalized with respect to tissue bio-
mass declined significantly as afunction of increasing density (Figure 1c), indicating lessfood re-
source per unit biomass as density levelsincreased.

Changes in fresh mass of zebra mussels over the 2-week period were insignificant for the
600-individuals'/m2 and the 1,300-individuals'/m2 density levels(Table 1). High varianceassociated
with the 600-individual s'm? density level was dueto the occurrence of fresh massgainsintwo of the
microcosmsand anet |ossof fresh massin the other microcosm. Significant declinesin zebramussel
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Figure 1.

Mean (n = 3) and S.E. (vertical bars) for
(@) total chlorophyll concentration,
(b) areal rates of total chlorophyll filtration,
and (c) biomass-specific rates of total
chlorophyill filtration as a function of time
for different zebra mussel densities. Areal
and biomass-specific rates of filtration
(i.e., panels b and c) are corrected for
control values. Different letters above the
means represent significant differences
at p < 0.05 based on Duncan’s Multiple
Range Analysis (ANOVA; SAS 1994)

biomass were observed for the 2,600-
individualsym? and the 5,200-individuals'/m? den-
sity levels, indicating that at higher density levels
zebra mussels were losing biomass via emaciation
asaresult of starvation.

At densities exceeding 1,300 individualsYm?2, mean
total P concentrations in the outflow of experimen-
tal microcosms exceeded those from the control,
particularly toward the end of the study, indicating
net export of total P (Figure 2a). Most of the P ex-
ported at density levels>600 individuals'm2 wasin
the form of SRP (Figure 2b). Since the zebra mus-
selswereliving and actively filtering throughout the
study period, these results suggested that they were
losing P from tissue mass as soluble forms at higher
densities. As aresult of emaciation, areal rates of
net total P export increased with increasing density
above 600 individuals'm?2 (Figure 3a). Similarly,
area rates of net SRP export were elevated at densi-
ties > 600 individuals/m?2 (Figure 3b). These pat-
terns coincided with a significantly greater
recycling of P per unit tissue biomass at the higher
densities (Figures 3c and 3d).

Total Pconcentrationswerenot significantly differ-
ent between control and experimental microcosms
at the density level of 600 individuals’'m?2 (Fig-
ure 2a), indicating no net export of total P. Thus, ze-
bra mussels did not lose tissue P, and it was likely
that food resource was not limiting growth or main-
tenance of biomass at this lower density level. Al-
though no total P export was observed, some
conversion of total P to SRP was observed relative
to control microcosms at the 600-individuals'm?2
density level. Zebra mussels excreted back into the
water column as SRP a portion (Figure 3b) of the
particulate P filtered. Others (Heath et al. 1995;
Mellina, Rasmussen, and Mills 1995; Arnott and
Vanni 1996; Effler et al. 1997, James, Barko, and
Eakin 1997) have documented soluble P excretion
by zebra mussels.

Overall, even at the greatest density levels, these biomass-specific rates of Premineralization (maxi-
mum = 74 ug g1 day-1) werelow compared with P rates determined for zebramussels by Arnott and
Vanni (1996). However, theseratesfell within thelower range of biomass-specific Pratesestimated



for zebra musselsin the Seneca River between July
and September 1994 (min=-47 pgg-lday-1, max =
519 pgglday-l, mean= 135ug gl day-1; Effler et
al. 1997). Lower rates of P remineralization by ze-
bramusselsin the present study may be attributed to
lower food supply availability. In addition, rates of
P remineralization were determined over a 24-hr
time scaleversusabout a6-hr time scaleused by Ar-
nott andVanni (1996). Since zebramusselsmay not
feed (or excrete) for several hoursaday dueto shell
closure (Walz 1978), the 24-hr time scale probably
overlapped periods when zebra mussel shells were
closed, aswell aswhen they were open and actively
feeding. Thus, rates observed for the present study
reflect an average daily (i.e., encompassing the diel
cycleof activeand resting periods) remineralization
rate versus an hourly rate that includes only periods
of activefeeding and excretion asdetermined by Ar-
nott and Vanni (1996).

The results of this study suggest the occurrence of
another mechanism of phosphorusremineralization
by zebra mussels, namely, P loss associated with
emaciation during periods of temporary starvation.
Since zebramussel populations can be subjected to
a variety of factors that may affect their condition
over both spatial and temporal time scales, P recy-
cling by zebramussels may vary accordingly. Dur-
ing periods that are environmentally unfavorable
for zebramussel growth (e.g., limited food resource,
poor food quality, or unfavorable temperature re-
gime), temporary emaciation may result in en-
hanced P recycling (primarily in soluble forms).
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Figure 2. Mean (n=3) and S.E. (vertical bars) for
(a) total phosphorus (P) concentration,
and (b) soluble reactive P concentration
as a function of time for different zebra
mussel densities.  Different letters
above the means represent significant
differences at p < 0.05 based on
Duncan’s Multiple Range Analysis
(ANOVA; SAS 1994)

Variationsin Precycling by zebramussel populations can have an important impact on phosphorus
dynamicsinlakes, reservoirs, and rivers. In particular, enhanced P recycling viaemaciation may be
adominant P flux by zebramussels as popul ations reach carrying capacity in aquatic systems. Dur-
ing periodsthat arefavorablefor growth, zebramussel scan accumulate considerable Pintheir tissue
(Stanczyowska and L ewandowski 1993) that can be later transferred back to the water column dur-

ing emaciation.
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Figure 3. Mean (n =3) and S.E. (vertical bars) for (a) areal rates of total phosphorus (P) recycling, (b) areal
rates of soluble reactive P (SRP) recycling, (c) biomass-specific rates of total P recycling, and
(d) biomass-specific rates of soluble reactive P recycling. Areal and biomass-specific rates of
filtration are corrected for control values. Different letters above the means represent significant
differences at p < 0.05 based on Duncan’s Multiple Range Analysis (ANOVA; SAS 1994)
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