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N ERODUCTION

Macrofuunie can wffect sediment sl solute transport via a nomber
ol pathways (fig. B, and i is imporeon o wnderstand the relative con-
ttibution of each pathway if we hope 10 understand these processes in
natnal systems. Fo give jost a single example, a burrowing organism may
alter the porosity of a finegrained botom amd thereby enhance flux of
a .mc_:_a across the inerface (figd, pathwity 53 the burrower may also
inject rutrients into sediment pore water and enhasnce microbial growth,
wlhich it tarn may abse enhance the fux of a solute by increasing its pro-
dudion or conswmnption in the sediment {fig. 1, pathway 4). Were the
| FEET pathway a relatively mportant one for a particublar solute, then we
waukl kiow 10 include in future studies of that solute flux other pathways
that also atfect microbial growth. b a real systom containing many species,
enthanced microhial growth due to one organism may attract other deposit
feeding macrofauna which themselves may have synergistic or antagonistic
effects on the flux. The abundane of yed other species could be changed
by some eflect of our burrower on sediment (pathway 1AY: this species
may then alter solute fux by changing physical propesties in such a way
as to change microbial growth (pathways 8,4). Thus physical, chemical,
and biologic alterations of cobesive sediment are closely interrelated. For
this reason the examination of several eliccts together has some advantages
over a more piecemenl approach. Moreover, a single macrofaunal activity
(for example, burrowing) may aflect 1 monber of different sediment
propeities (see, lor example, Gram, Boyer, and Sanford, 1982), and so a
cerinin eficiency is achieved by examining many of them at once.

We will examine the multiarions ellects of L. radiate, a burrowing
_.:ﬁm:uma:.?m.m:w bivalve, on sedimeny tansport, sohute flux, and micro-

PHYSICAL
PROPERTIES

SEDMENT
BACTERLA

5
Fig. 1. Schematic depiction of snimal sediment water interactions in muddy sedimenny.

IR —

posal, chicmical, and ntesobeed fropories of euliestve sedimecnis  beY

bial growdy, and we will give some examples of interacting pathways
tnvalving 1. vadiata.

Loaadinte occurs throughont the Mississippi and Missouri viver sys-
tem. all of Ginada east of the Rocky Mountains, the St Lawrence ddrain-
age, sond the Mibantie Slope south to South Caroling. Tt is found in lakes
and siremms on substrata ranging from muds to gravels amd is frequemly
the wost abimdai bivalve in these enviromnents (Burch, 1973; Clacke,
1), Uionid bivalves have the Lirgese standing crop (2.5 g - ~7 wet)
and inedividual bivmass (avg individual wer wt is abond 105 g) of any
inserichiate group in western Lake Frie, and L. rodiate is the most
ababant unionid (Wood, ms).

We provide here some quanttitative mcasurements of the effect of 1.,
vadinda on: {1y ahe physicat propentics amd the rate of entrainment of
eoliesive rediments; (2) venical griskicats and radind diffusion of pore
witer selues; it {3) growth rites of sediment bacteria in sitn.

STUDY ARKFA AND METHODS

Lake Erxie is the shaliowest and most productive of the Great fakes.
s hottom sediments ave thus mobile and reactive, and the henthic macro-
Frune are abundinn. Suspensionfeceding unionid bivalves are found pri-
marily in the shallow western basin in gravels, sands, and mads. Sileclay
size sedimemnts occupy over 80 percent of hottom arex. They wypically con-
tain <4 pereent sand by weight; approximate composition is 40 percent
ey, 1 percent feldspar, § percent delomite, and 35 percent illite n_ue‘.
Typical organic matter content is 1 percent by weight; water contemts of
the top 1 an of western hasin muds range from 70 to 85 percemt, Both
the elams snd the sediments used in our experiinents were collected from
the western basin (41739587 N, 82°56°36°W, depth B.G m).

Burrowing behavior and physical properties—The locometory and
burrowing of I radiata were oliserved in three different tanks fHlled with
westersy busin sedinent placed within a 60gallon aquarivm filled with
aerated and filiered Lake Erie water maintained at 21°C, "The sizes of the
tanks were as follows: tank A, 29 e % 1% on X 4.5 em; tank B, 7.5 em
X VLS em 3 115 con: tank G, 20.5 cm % 9.0 e ¥ 125 cm. Two Lampsilis
ranging in lenygth from 5.5 10 7.0 om were placed on their right valves in
the middle of each tank. Locomotory activities were monitored with a
16 mne movie comera equipped with an intervalometer, ‘Two timelapse
studies 6 aned 11 diys long were performed,

In ovder to determine the depily 1o which L. vadiata mixes sediments,
two 17.5 em X 50 am X 115 om tanks were filled with aliernate Tayers
of powdered nickel {opaque 1o Xrays) 2 to 3 mm thick and Lake Erie
secliments (non-opaque to X-rays) approx 2 cm thick. The powdered nickel
was encascd in rice paper to prevent it from smearing as the natural sedi-
memnt was added. The rice paper dissolved in the wet seciments in a
matter of haurs, leaving the powdered nickel in reasonably thin and fiat
layers within the sediments. Boxes with Lampsilis added were placed in
a 60-gallon aquarimm containing continuously aerated and fltered Lake
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NO,= + NO,- was determined using a “Lechuicon AutoAnalyzer 1l under
an inert atmosphere; NI+ way determined colorimerrically with a Beck.
man DU Specorophotomerer.

The wlded Livalves were 5 10 7 am fong ad averaged 28 g dry wi
without shell, The imtrenduction of twehee bivalves into a tank ey result
i chm menholic by producey accumalating in the water. Ins wrder to
distinguish this sowee of solutes from that that has Huxed from the sedi-
ment, we toitoned the concentation of the sime solutes as in the bivalve
experiment i an “exaction” experiment. This consisted of phacing thece
bivaives i 750 ml of deionized water or deionized wiier Plus sedinment
sl smonitoriog the concentration of sobutes in the wier for a period of
200 bys. .

acterial meavnements . Racierial growth rae experiments were
petformed dn Baboany mpearin (29.2 x 445 x 36.0 vm}). Sedimest col-
lectest {rom the wesiein basin of 1ake Erie was puessed through a 250 um
sicve to temove maciofanng, Sieving was carried out under 3 helinm
atmosphere to avoid oxithizing reduced sedimenis. No warer was added
to the sediment duning sicving. Sicved sediment was adeded (o the snicro-
cosms amd allowed o sende. Filiered Lake Frie water (17.5 ) was added
on top of the sediment. A fweek jesiod was allowed to achieve « final
sediment thickness of 12 om and 1o allow pore water chemical gradients
to te-establisie. I'hey six »..::?:.,.__.a were added o one aguarinm, while no
adklitions were made 1w the uther, Bivalves were wllowed 1o burrow for
4 weeks. Overlying water was changed twice a2 week. Temperature was
held constant at 24°C. .

Hesstein (s aved 1 series of chanbers, called “peepers,” separated
from surrounding salimen by halysis mentbrane to stuely vertieal pro-
files of pore water geochemistry, Followiug bis ides, we constructed a seq
of chambers ot enclosed pore water and sedimemt of known bacteria
content buat that allowed ihe difiusion of pore water from the surrounding
sediment. A picce of 2 (m long tefon pipe (1.2 cm D x 2.0 «m long)
formed the body of the peeper; the ends were wrapped with 0.2 um
Nuclepore membranes and held in plice with dental rubber bands. Sierjle
witter was added 1o peepers, and they were placed in racky holding five
peepers (midpoint of peepers a0 1, 2,8, 1, and 6 cm below the sediment.
water interface) which were put into the aquaria for 2 weeks to equili-
brate with survomnding pore water. "Fhe fraciion of equilibriimn reached
at time 1 can be estimated by assuming a4 plinar diffusion source (Hesslein,
ms). The peepess are 90 percent equilibrated afier 10 days, 2 pereent
equilibrated after 2 weeks, and 93 percent equilibrated after § weeks,
After £ weeks, a core of secliment was removed from each aguarium, sec-
tioned into 1 cm intervals, and 2 portion of each section autoclaved,
Peeper racks were removed from thie aquaric. Under a helium atmosphere,
about 2 g of awnclaved sediment mixed with a small invoculum of un-
treated sediment from the 1,2, 3, 4, and 6 om levels were added to peepers
from the correspoading depih. A portion of s sedinent wis retiined
for counting the initial bacterial abundance. The racks were replaced into

Ploysical, chemcal, and microbral properties of cohiesive sediments 133

the aquarinm sediment, and then a rack was retmoved for counting at 1
day and then at 4 days alier inoculation,

Bacteria were conmted using the acridine orange direct count method
of Hobbie, Daley, and Jasper (1977) as modified by Watson and others
(1977). A Leiiz Orthoplan outfitted witly Pleomopak 2.1 and 150w xenon
lamp was wsed for epifluotescemt ifhanination and counting. Twenty
microscope ficlds (100 X 100 pm) were counted in transects ruaning from
the margin of the sample toward the sample center, Mean sample bacterial
abundances of sediment from the western basin of Lake Erie can usually
be estimated to within {0 percent of the true sample mean by this method,

R¥SHILTS

Brrvowing—Each bivalve burrowed jnto the sediments within 2 to
18 lirs after heing piaced in the mictocosms. Lampsilis burrows by extend-
ing its foot away from its shell and into the sedinsents, dilating {thus
anchoring) the foot within the sec iments, andd then rapicdly contraciing
its pedal muscles {anterior, then posterior). These activities resulied in
the shefl rocking downward into the sediment, There is frequent water
exchange between the overlying water and the bivalve's mantle cavity,
andd between the mantle cavily amd surrounding sediments during the
buttowing processes. A common life position of Lampsilis in western
bastn sediments is shiown in figure 2,

After burrowing, all the clams remained targely within the sediment,
and all subsequent locomotion was confined to Iateral crawling, Lampsilis
auwled semi-infannally by orienting the amteroposterior axis of its shell
atalow angle to the sediment-water juterface and then moved by extend-
ing asul retracting its foot.

The rate of crawing by Lampsilis in these two time-lapse studies js
shown in table 1. This table shows that Lampsilis can be an active crawler.

Hig. 2. Typical lile pesition of 1. radiate. A = rediment ummnkxed by burrowing:
B, € = sone ol complete sedimens mixing: 1} = baerrow apening. Scale bar = 2 .
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Figure 4 shows that L. radiata reduces sediment resistance to shear
by a factor of two or mare in sediments immediately adjacent 10 it. These
lower readings were 1aken in aveas where the foot of the bivalve is highly
active and where pressurized water is often ejected from the mantle cavity
during burrowing and cleansing activities. The bivalves have the addi-
tiomal but more widespread effect of increasing sediment resistance by asz
much as a factor of 1.5 in other parts of the tank.

Sediment transport—The usua! ellect of burrowers that increase
sediment water content in cohesive sediments is to make sedimeny easier
o erode. Flowever, this is not an invariable result {McCall and Fisher,
1980; Nowell, Jumars, and Eckman, 198%). Moreover, most of the studies
invelve smalf and numerous deposit feeders and not large and less abun.
dant suspension feeders fike Lampsilis. We sought to discover what effects,
ilany, Lampsilis behavior had on erosion of sediment by fluid shiear.

Ne erosion of llume sediment took place in bivalve-treated or control
sediment at an estimated bottom stress of dyne * cm~*, Very linde erosion
took place in control sedimemt at 2 dynes-cm=7 (fig. 5; 1able 2), while
very unusual behavior was observed in clam-treated sediment. A large
amount of material was rapidly emtrained between 1 and 2 dynes - cm-?,
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Tasty 8
Colonization of Lampsitis pseudofeces by bacteria

Ractetia Abundance

Material (Number /g dry wt sedinsent x 107
Pavent surface scdiment 247
Fresh psewdofoces .00
7 days 187
1 days 4188
30 days 1.0

SEM photos of the sedimentwater interface also show the eflect of
bivalve suspension leeding and pseudoleces productian, On day 0, the
first ey aficr thorough mixing of the approx 8 am thick sediment col-
umn, dhay panticles from the sedimen-waner intesface of & tank with
to Livabves have dlean minerad sifaces and occur in an open fabric. No
hilamentous bacieria are eviden {pl. T-A). Ry day 4, the clay particles are
covered by bacier jal exopolyiner and are ar anged in more compact struc
tures (pl L) A few fikunemons bacteria are present. By duy R, Gl
mestous hacterin e abwndant and form a matlike covering on the
sediment suface (pl. LC) Bnthe vank with bivalves, already on day 0
clay pantides e avnnged in compint structies, and a thin diape of
ML is appitent on some grains (pl. 1.D), By day 1, grain sirfaces are
still not comed with bacterint exepolymers, and no bacterial filaments
were ohserved (pl, 1-E). It is only by day 10 that exopolymer comted grains
are olwvious, byt Glamentous bacteria are still rare. One effect of the bi
valves is apparently 1o inhibit the fauling community, Although it is clear
from the bacterial conms of pseudofeces that feces are enviched in bacteria
(g 7). they evidently do ne Krow as filiments on grains or exciete a
barge wmount of exupolyiner. Thus the SEM photoy are compatible with
the notion of & layer of chay particles tightly bound 1o themselves but only
toosely bound to wesderbyivg sedimen prarrticles,

Pore water chemishy and solute flux—Just as infaunat burrowing
and fecing activities alter & number of different physical propertics of
coliesive sehiments, which directly and indirectly conuol crodibility of
interfacial grastionlaies, so they abo alter & nurmber of chemical properties
of the sediment pore water directly and indircatly control the flux of
dissolved solutes wcross the interface {Schink, Guinasso, and —..u:.:m:m.
1975, ChancHi, 19749 Aler, 1978, 1980, 1982, Hanmond and Fuller, 1974,
MeCalbrey and others, HIBL; Fisher, 1UR2; Matisoff, Fisher, and M atis,
1685). Most previous work has examined organisms which we sinafl by
comparison to L. radiata.

The photogeaph in plate 2 shows a aoss section thraugh a bivatve
burrow. The sediment is roned wrowmt the burrow. The lighter material
is ‘oxidized’ and awains its color from ferric oxyhydroxides, while the
diarker maiesial attains its color from reduced compounds, especially FeS.
Aller (1982) predicts that 1his zonation should occur due to the sequential
consumption of O,, NO,~, Mn0,, Fe(OH),, and §0,~ during organic
matter decomposition. it is clear fromy the photograph that the mere pres.
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FLATE |

SEM plocos of sediv enn sstfaces withon 4 ) and with (0 E, F) ddama. (A} =
day e () - ey 4 €)= ohey o () =y 1y ¥y ay 6 (Fy = efay 9t Explanation
in e,
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PLATE 2

-

Cross section through a clas burvow showing color ronation

by 1oy of oxidation reduction reactions,

around the buriow caueed

B
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cnce of the burrow enables oxygenated overlying water to peneirate 6 to
R e into a zone that was once reduced sediment. The burrow introduces
a threedimensional geometry into the sediment and induces three-dimen-
sioral sobute transport. Oxygen diffuses into the sediment from the sides of
the burrow as welt as from the 1op surface. The hivalves play a passive role:
these processes will occur as fong as the burrow is maintained and do not
rerpre the direa injection of axcygenated ovarlying water by the bivalve.

Filvets of Fampuliv on the sobuie exchange etween seddient and
water aud ot vty o onpinn e n_:..z;:;:m:: cann be oseen in the
sedient pre wasers at the cied ab the flus expreriment (g H) NH o
dued frmne o

sie st decompesition in the swibiment, s fHoxed

Lol the sediment water pterbace. NOL iy prodaced by takcrobisal

L3

fransf oot NHLU dn the ovalying water o1 dhe top few nuthe

t

e ters Blow tie sedinrent wager jnrcrbace NO L gopeestiations decrease
tapidby with deptly an the weinent whake NTE U conceminations inocse.
Comumption of NO, in the sedirent is papids it has nedergone deitrs
fication to Ny, within the iop Teny Pore water NO L omueentistions are
Bigher close 1o the bursow, while NHL? concenteations ate bower, This
cerifics that the burrows induce radial as well as vertical chemicst mass
transport. Furthermore, the effect of the hurrow on anunonism concen-
irations is apparent over the entire depth examingd (8 om}

The pore winter vertical concenttation gradients wre evident in hgure
B and iomply vertical fluxes. Evidenie for racliab flux 10 the burrows can
be scen clearly in figine B The relative impartance of the nudial arnl verti-
cal fluxes can be ;:,__:::..7.2« determined (Aller, 1980, We have esti-
mated these Hnxes by assumiitg Sverape vertieal pradients and average
rackinl pradients Foo ammonism, the totul Mlux oul of the sediment was

mzo;\tsz mzx“_,ntl.w
[} 100 4C9 o W00 00 0 oo 400
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Fig. B. Pore water nitrate concentiations {dashed Hines) and ainmonium coacentea-
slons [solid line) in scdituents containing chams. Profiles are tocated 5, 8, and 105 on
fyom the tenter of 2 clam burrow (25, 55, and 8.0 an from the burrow wall).
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400 Y T

With Clams

With Clams Minus Eneration

Control Pius Enhanced Fln

LU i Control
M A i 1 ]
100 200 300
At thours)

Fig. 1i. Nitraie + ammonka conceitrations b waler overlyis QTS
without {contrel} Lampritis. Cosvectiony arg applicd for cams —w:.vmc”m..._n."_n:m;t””M:M_u»nﬂa-_
arnus excretdon™) and for enhanced Bux due to the prescace of burrows {control plua
enhanced Aux™). Asunonia conceniraiions are at below detection linits in aguaris Hm.#
sediments and only appear in the carrection for cddam metabolic excretions,

Tany 4
Partition of flux of inorganic N (ammonium + nitrate)
observed in the flux experiment

Flie rate
uy 1= Pereent of
Fhux due 10 ??m..\?«v total Hux Source of data
Vertical diffusion 035 bl measured dircctly in
flux experiment

Radial ctiffusion 0.3 H chlotide experiment
Excretion (3} 38 encretion experiment
Baceerial growth X3 29 mcasured Indizectiy in

enhancement flux cxperiment by

subtraction of above
ratias from totzl fux

physical, chemical, and microbial properties of vohesive sediments 149

treatment was 0.57 pm /g dry wi/hr. Using this value in the flux experi-
ment, we calcufate that near t = 0, the flux of nitrate due 1o excretion
was 0.7 pinfhr or 33 percent of the total flux. We empliasize again that
the cizms do not excrete nitrate, hut that in the presence of lake sediment,
bacteria excreted ammonia appears in the overlying water as nitrate. The
sum of diffusive and excretory fux, L5 pm/fhe, is still less than the ob-
served nitrate flux. The remainder is attributed to enhanced bacterial
activity around the burrows of the clams. Bacteria in Lake Erie sediments
are known to be able to generate ammonium production rates of this
magnitude (Matisoff, Fisher, and McCall, 1981).

Bacterial growth rates—.'There are, of course, many different kinds
of bacieria that are highly stratified as a function of depth in the sediment
{Sorokin, 1978; Perfilev and Gabe, 1969), and bivalve activity probably
allecis the growth of each e_:—n_.n:_:.. As a first step, however, we sought
at least to measure the effect of bivaives on growth of the total number of
bacterin as a function of depth. The method for comparing growth rates
we used here — removing populations from equilibrium and measuring
their vate of return in a geochemically measurable environment — could
slso be adapted for the enumeration of both bacterial physiologic types
and bacterial activity.

It previous work with western Lake Erie sediment, preriodic bacterial
abundance measurements made afrer seeding sterilized sediment with
differing ameunts of untreated lake sedisnent showed that following a lag
peviod of 6 to 12 fws, there was a period of rapid linear or exponential

10 T ¥ T

NOG bwith thamal

Amourt Prooont (sl 2 § dry wi™')

WY bmith tloms + sodimani}

/

+r oy T

) 80 100 130 200

A {howrs)

Fig. UL Aot of nitrate and anisoninee in water overlying clmns and clams plus
sedisment. Control vabies of N1 and NO,— in deionired water ahove are near rero and
comstant for 200 bis Clam exoetion was taken to be tee s of daskened cireles and
spuares fur alye fitst 50 bus.



levorppy uiakep paisgdap Ajpeapuetio 210w pur panpar Apldag 00w
‘aadaap up vep TIPS Jo a3k W | o) g ap g dopeand $31U11 WM 10
g 32¢ sdowd Bugpuers pue sapey ol e poq e pue ‘(=mormy
WED 34 punoe wawtpss pargpixo $o Aep o u [ oy o) aup) siised
ORNWE 00D 1)) uf Juingoa Heapeamha o jo s sad 99} ST SR Qipn
WSOI009W ¥ ) Judwagpas {10102 i) poziprxe Apeaavdde ganseay
Aty jo JUBOA 1 )y dtou apm (fghg ORI P osieg g s
fHUI g6 slugy e 3250y 1L ‘ursuadeof I EU R EE BT I BT
U4 puE Clquasy aepsieg) sinposd voneuoaap sulio jo Xnp oy
eanal o1 pauedar uaaq saey sdon Bufpuers puc sares ipmord friaaeq
8y “aasanopy umouy uopposd ualio s auBrous ok sares imodd
NP JO UONE[E HP s a0 Usosey imodd sy a0 syuowiae pue
don Bupuen 10 aes imoad gerpeg o) usamizg diswonegan pexa
) mouy Jou op 3m siead xiy wdonm suediour o1 ymord pamina
11 JO HOIMGLINOI ) siEjes o) Appaneiuenb apqussod jou LIRT

“ RIT
“IP3E 3 Jo DdeFas Nosan M 1 yimoad HL waxa el ¢ o indap
WoIMol epnuns suseyry WL M 7 shoqE Jo o) v Ajua Ag pue
SWED oYM [ 0} ¢ Jo Jopny B iq LI e Pmors 1y 17 01 § un 9
01 0 Wworg snts pimosd jerug jo uapead (2311194 o Jo uollRAS|E )
sem BUIRpD 3t jo 1ap2 sapouy {aaneiau 10 1990> 219m sanjea joinio:
TAEI JUC NG HE Ul fopg s drom £ o1 g shep 10) suiep jo duosaad ) uy
BIUENMOS Skt spmosd Yuampadaa sagous ut) wuasad a1am SWE UM
aui jo spopsad 1a8uoyp a0j pur Aause Mo ed ez HHS02000 JoIhio) Uy
WEI SWER ypam susod01w ur 124y 210m siuesuos 21z Yimodd ((swusos
VLY Jonuwad + tuep) % spdop oay) suospredwios uas jo o Wiz

BIY W = g peaaaieg Yif a8 B punge = 'x
1= ....L.x s i 1T VR
W1 - x — iy = g,

3000 * $009 9000 ° £10°0 o

00 00 2000 ' §10°0 v
w3 g

000 " Hoo L100 ' B0 il

"oUo - o0y [ 2317 I AT ¥ v
uwa

LO00 " pog $000 * £000 o

6000 ' Loo0 000" 9000 v
u g

§000° Iog Hoo ' tioe o

000 " 0lpo Bl00 " ZZwo v
w g

S000 * OO0 0500 9o se¥

2000 ' olbo $HO°0 " BE0D 4
uty g
1083100) ey fonua) * wepy indagy

S BGHA it 20

pogiad 2wy g

sindiar (| jonuos ) THotEs pui { s, ) qus epaenbe W
s g pareqront siadaad 19pem asod ug ELI3131q Jo s21es moad synadg
§ wrvy

1§1 fruaunpas snsoyos fo satpiadosd o1 puv sy s

. PG D1 Se) e
B4 o fiunome LRI ETTETRTITEN [ IR P TR 9 R LU TP {etiiey .nu.“ - _._n

LECT

o.!ﬁc»cc.‘«o

408

Queswipes Lip ws ou) BUnoo 15aEp fepe )

M Bi0d Jumquug
1 Jupes Piraapainyg

. b3 i ]

. SEALDIN 36011 1340 MoaS IEnusuodxa Je seauy sawisse suo L] ETIT
SRR 341 Jo 1ags sy jo uoneiudiany ap wy PIILYIP ou 8 daayy
(5 a19er) fe Jo Buaaid gy WMoHEm pue yigm wnpppnba weneay
suoedod ISEI218G 1M 10 2083 o1 aansuo o1 skup b o1 I pren shep
193 ¢ spoptad ayy a0y PRIENOIRD J3am spuvisuoy oy imord seauy pue
Peiuauodxa yiog "(@B61) faman pue WOSUEL Wepising Buymopoy 28]
U g sogag qidap o Sunpuadap (P35 1 Lap 8) «0f x T 28eagar
FUISO20.0010 2u1 vy suadpmd SV SN0 sEpUNYGE oy dop Bpiang
{80 = ¢ - (pas s Aap ) 01 X GG == y) :3.:::.2 Jowm Lrp 8 43 01
X 07660 woy paffuer seadad AP up s3uEpUnge LR e
SMOLING 31 30 s A
WOy 8O G Jo ueisip jerpes paowyd auam siadaag simapead soiem arod
RIS UL gsiqeisa o1 skep 01 03 siadsad vy g Parequony I Py oy
Wnpas panigiag Suypoos A 1 g shep e suap __“.:._:,: pue yus
FIE1 imoad Jenaneg ssedos 01 pasn stadaad 3y woyy E.n_. Pa113]10n
am __.:w:.,_:ouu< (61 By) ssoy P paduerns PUEPURGE J12ym Yimoad ?.
sseyd Lizuones ¢ PoMOL0] 2334 1 4 03 § Aep I pastnives ey yimoud

241 MO 2aj0mq piotun v fo syaafs L5110 puo WD 7 05t




152 P 1. McCall and others—The effects of a unionid bivalve on the

NI+ s produced by the bacieria that g7ow rapidly and in great abun-
tance on the thin fayer of Jam feces and pseudofeces at the sediment.
water interface (table 8). Iue the Bhux experiment, the total minus excrered
flux is 178 peroem of (he contiol plus enhanced diflusion fux, It seems
possible thar this increase could be due to clam-isduced increases in hac.
terial activity.

DISCUSSION

Physical properties and particle entrainment.— While the migration
of Lampsilis aloug the sediment-wates interface can alter the physical
propertics of the top 3 cm of cohesive sectiments, our experiments show
that such migration is episodic; lateral migration slows after a few days,
and the clams take up a relatively sedentary position in their burrows,
Most likely it is the establishment of these burrows and continwed suspen.
sion-feeding that have the largest effect on sediment properties. Near the
burrow wall, water content of the sediment s increased, and resistance of
the sediment to 3 shiearing device is decreased, Farther away from the
burrow wall, e resistance of the sediment to the shearing device is
actually fnereased over tiyat of sediment with no clams. It is possible thay
this effect was due to the confining walls of the aquarium, but since water
comients near the aquarium walls are wnaltered and the clams were located
at least 10 cm from the wialls, we think this js unlikely. The increased
resistance may resselt from the copious amounts of mucus observed to be
produced by the bivalves 2s a result of mantle cleansing activities, b
more likely it is the resudt of the redistribution of particles that OCCirs
dering burrowing, Rowe (1974} abeo detected iy phenomenon among
hutrowing macine anemones, This is another example of what Rhoads
amd Boyer (1982) have called “ar-field” eflects. ‘This one extends more
than 5 cm from the bivalve,

There is no ene stisfactory method of measiring the biogenic altera.
tion of the fabric of cohesjve sediments. While viscometer measurements
of sedimem Mrength and water content measurements are significantly
correlated, less than half the variance of the daea js accounted for by a
linear regression, so it s dlear that the two methods do not measure the
same aspect of sediment fabric. It is not clear what aspect(s) we should be
measuring 1o assess biogenic effects on sediments. A large change in tor-
tuosity of sediment conld ovcur with no change in water content (McCall
wndd Fisher, 1980) and a simall change in grain orientation that is not
evident in water content measurement could have a Iarge effect on sedi.
ment shear strength and bearing strength. Macroinvertebrate and micro-
bial exopolymiers can have large effects on erodibility and yet not he evi.
dent in most measurements of sediment physical properties. ‘Fhis study
examined the erosion of sediment within a few millimeters of the sedi.
Ment-water interface, We are not now able to make accurare physical
property measurements on such 2 small scale, which is one reason that
there is often poor cotrelation of measured physical properties of cohesive
sediment and erosion {Parthenaides and Paaswell, 1970; McCalt and
Fisher, 1980; Rhoads and Boyer, 1982),

1 i f { ] 1538
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HWH..,~¢ with u:ua without erganisius :w”ﬂnm.._ _A_ﬁ__oﬂawmw_‘_””w:_.mwmﬂm MAM.”M“,
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h_.___“__w.w“..q” n“__..__.mm“r:::r 1981; Rboads and Boyer, 1082; .S:-.. _.r_.%nq. ”MM“
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ment behavior of bivabvetreated sediment at low shear m_qawu.nuw ”..u“.u:w
gregates ave easily evoded, Int they are also buge .,:z_._sqm righ seuhi .w
velodities that cannot be supported _.J. the flow. At higher .u_:Mmmnu o
and more particles unprocessed by bivalves are eroded, unti M_Mq_n.....:”.ac.
difference in estrainment between __:.n treatment and nm_a control. RMeas =
ment of the settling velocity of particles eraded at different stresses sup
18 this notion, .
_..c:_u»._.n SEM photos indicate that the bivalves u_mc.m_;:r: the mao—m.:_ of
fitamentous bacteria and bacteria that secrete copious amounts of exo-



yuswipos duripe g weaos A B BLR R jo ol Y inodd gl 2sean
A6 saapeany prresun Bipoapacisuxding siwauupas oyey wr savoomd
tdoporg pa qeatiags pensbipd Jo wotlepal 9sop M meijs oF LGN Juo
auppine a4y uopepaid pue tonnadues o) PAILISIL SHGDICIDINT INFIIN]
-OIRUL DA ANFUDN I IR0 Aeut dos pue siisd i p Ay paanproad
a3 B srnuane Avis sotpnag swog sanadord Jusimpas wo spoya
LULS DU DALY SO RUMOILL {[1 FOU IS HI0Y J{)— SROHIAT I ADFaN
¢ proe posdespred o Bey) sores Busdpoao a4 oL xn | postait o) uoing
1103 Iseadd ) s e PIM AIALOT [ELIDIEG SO TG g sl g
Anspuoys aaes 2acd pues ounpos 253 Jo Answodd wosngip i se
MY L COupnul Riessiusinpas s maepas jo sauadord peasdyd
pue LjdeiBodor ease savpms i ane 01 st uonendsax pur Bumoimg
syrdurp jo L 3 ‘pauaduos st uonsodiuodap new nuedio Jurmp
pasupasd Jlenpu-wigHowine Jo 2RI 2 SSOY X0 24 JIMHAL
TMOLINE D) PEILOIE HOBSUPIP {RIPES pIIUCiEd Jo nsat ap Ajgeqoad
$OBHL MOG34y wos) Avm¥ SIIWNUGY [ELSAIS Spu2ina osje Aian
DB [RHOIDHE LG SMOIING R JO Oj2 AS0i[muns Syl ) mois s
21 a0 {gepl) suy pue oy Aq Pon2op 123G Ak SINIWEPIS JuIC
you: suclio ut 51200 LI0IE[RILNS TRHG "SLRUE $21E] UoRRHpIBUNNIL
[rergqosu se annodun paseanur uo sayer s molang 3y esu Auaie
{UiGOAIHU O HONTgwNs o {§e6]) uasudf pur 'usssnmsey UIspItBE]
Aq pavpard A1pasi00 sy voqaed smeiio woanad g~ wenioy pue fepaps
wdrxd gg 24e sjuDwpPIs 4emesaa angy voqae sweio swassad g1 01 g
Ajuo parjeind pue Apues 219M SIUBLIS SULILNISI HIAP ] "EUBEjoIYW
Spuaq e) onp xivg HUedioln JO DTS UL ST PIASH 3G PINOT IIT KON
-xa yeip pre sidwipas (Quasaad )y, pue {madiad ga) tood, o
IO UE 21EL UDHIIRI- LN PIMISEDUL 33 O I50[3 SUM SDA[BALG Suiieu
o1 anp xny N oneediour ut aseaug oy ey o) {gep 1) wasua| pue uas
SSRSEY ‘UISYLUD|] FIED HONSHXS pruotun 211 10 nadad g2z sesm Tuaw
<uaxdxa S1) wE spruogn 2y 03 I Xnp N Huedonr B 820U N |
“eLRIdEQ 110
JO ANALIE D43 Ul DSEDIDUL IANE[L OF N[ ST ISLILUT NI R JO 150w
' sn o) sadius vonwyunuop paucyus Junespur suonealssqo gy
mopEdy NP Jo uasqe Ropdwos s JuasIsuoIus 51N SRy pue
SI R UIIMIFG UL Ak ApIpow pinod sipsduiey g vopeaad
-123u1 A1 s aisisuod st puenadde s jo s oy apagay (/e
FUo= L Bpaxy sty SHeR)y quay) 9nn paatosqo o umip gl
sy (g pz) wns s g (o ¥ o 1) 211 B0 IUDP PIIRWNISD SEY
sopd (/e wg=) LxBd pRULYUG sREd {O0R0),, IYE JO Tej) o) pinba
syer v e anes Sudpmao 21w annin apnende pyiom wngsenbe sup
uayl "uopeyuuap jo Hudsqe s up (rpfaofuatonin- e (21000=)
et WY §Z7 O SIUDWIPIS UISLG WIDISIM WOG SSO[ SN 1R S3RjIOD
-te3 {1g61) 98 puag uoneayianap jo auasqe mojdund sy uy paoipad
e s etienbe 2seargqus 2 v s o ssuenadde jo ares pasaos
qo ap adwor op apqussed s ou Aprarg swapad venenuane men
S PAALISEHO M JUIISISUOD §T I ] C{jum morue il :x:a,:t HIBIUTE N
SN[ OIW UOISNHDP JVETHU DUNHUI PIAOHS LI IDHUEW ¥ Ul dqe) pue

GGl Siuannpas asayoer Jo satpadoad ppiqoiin pro ‘panays poislyd

SUSNI I A sappots spsd sy e pacnsuowdp Aprage s
201 ubtabey Bupk o Hugprgpur Ajpesop aae suivp EITV IR LTI R TT A THIYEY
1O S30p suep A weay Aese siuaped wonenuasuos jENLIBA ey saos
SHME O uANssa) 2 st uon st djenm g Wi ey Ay g
SHIDWUPIS 29AL qeians w (g ) x) wopegmop pur (3zx) voneym
ot pasuaanin sopmpolijo PR soqId GO 3unonng ._..,:_ F...::.:
priog {pgii) usaey paee dosigyoy pedaeiey) .Amw._.._ A1y sealn
o1 panxdxo S HOBILOP Jo o jeaie Em_ “2FAINE L_u_n.:.u:u:n
IPIF JO EIE PRIURYUD UL DILIY SMOLMIG YT DI ...:c.:.d.u:::m sM01
-4Rq a3 punose Supianoo ospe 5 HOTHOYLOIUIP By SORDIpUL SHY L e
MO GG 2yF wo g Ajjepe aseaa0ap soium il BREIEOS u.:. uy sHonENu
U3 Asnte puedag woneabie sy g vare i uy ﬂ..c:.c_._.._:.:uc .:.E_._:_
A5 51 2 sueaw SULL O gor~) ySig Laaa s 1 Mh:.m_‘.u..c g
HOHLIUSIUGS ALIU 2P yilnoyr uasa e 1 2reahu ou n.z.czn (> md_w
SEg o wioag Aese aotem atod wopos ays w ot jo opyord Jednisa
NP A CRBYLOIDP 2 | go winy, Jou s30p 2.:-%:54 LHIT u:&.::t
10] SUOSE) O asquInK € s 2a0y ] .u__u:_.:u._xv.x:__ .3.__“,,5..._:—.,
ML _CON pue N o doppng omand ¢ Fugmoge E:w. =N 04 u:“.‘“:....
JO UOHLIYLIRMIP 3522033 PUE WEDRLPIS D)) SOYLIIDP pue sy
UIINIA D30EIEQ Y S31e 0) 51 sdapeary Jp) Jo B0 oy .:_..:::whn.:..:
o} w::_..."c.:f‘ PISSIAPPE My 01 spaou et ARpugased AU SE QA .
. MO e ) jo 2masaad 2y 0 anp
AL QELBIING POOUEIUD P oIS HP prpes pue M) uAPIs W
saguELp 01 aup §1 ‘masiad gg ‘wond rapeand v _u.,__:m.c s o El.:__x..:m
A Mo 03 3up s o wased PE oge gseaime aip o wonaad
v pipad sopgoad s auxd SSIAEMIYBAY,, it meaid yanr s
e .::-u jo .m..\:u_..h [ H h: PRI m_ SREEIE FLLIEH ::-m:nu:::ﬂ SIHII EIVE -nm
FIHJ AT QL BSLNE AL 1) 01 g O oy ¢ Ag paseaidet s; sturnizad o
FSHEY UL IPLION]? S8 1INS FULIZIEW JANTAIZSUGD JO X1y o.m‘— ..mu::i...u:_.:
2104 3O UOISLp fanpe $0eHUD yns woreduos :._,.m::_.um paseanr
.Uuu bC aStios ¥ nUtaUmm‘x— wmzm— m:_a.. EETTENY H.J.A—‘—Qb-ﬁ- o) ﬁw..zumz-——ﬁ-v W—C,-bu:m uJ]o
BrTUIRIN 241 o) Hareanyn anp 6 ISETLNH DY P T JO S0l
wﬁu__ﬂ@u._:m i »ﬁmm —uﬂa_mu.mbzm a8 4] | -..::m .-.Z-m.z‘-:u—“:“-vv.m Y ssoen WszOm
sren aiod o xg N wugf oy puw h:n:_:ua.:..uuas PP 380G, ]
(b puv g slemsged '} fy) xny YOS pue 3:._:.4:.::_ Y ...x_ 133 .:uw Y]
ut ypangn suonvpdod uqosin paye 3:.:..._...03;_ P poe — sua
THOMAUDOLIW RO pue ‘Hopngqinsip aes anedadde soiaadond
FEML B0 f1oja — wny spid o1 paregar owe gy sanaadosd ,ru.:__,%
HO SR Jo dqunu w aampoad saaprag oo nap auapr Yuanoag st g
SWSIUEIDAN XD DY) DA AL SO0 1ap ntoqe gy ..::.5 Apjeaz ET
VG AP0 GL OGP 240 3D DR puE Shupas _v:.E ot sduomg aae
sudjodoxa prqour pus spew [y 25:3._::1._ uﬁuu.u& 1 _.::.:L
IEHARJOIRAE J0 sawpanige paiaye oF anp ag Ae B so 2onpng e
Auawpas o ilinonp samjos s il o xny tu._.:“: oF anp 2 L
3 fsaaojopnasd pue sa3a) jo sonaadoad o 2 3 K pampoad ..;__:u.cu
SIUE MOi MO FOUE Op Ay "Baepadug huzu.:._:u::tuw. ap e u.vzz._:.za_.
B perer sseanm Lag 1ep alenpin sunoe u.wuh:- SUD M .»E.;_om.

2} Ho U\-cb.:w w...::u.:.z v \0 :uh\wh U:..hi%.-h-\uo puw Zﬂhwkhﬁ “T'd *m_




156 P. L. McCall and others—The effects of a unionid bivalve on the

geometry, solute diffusion, and pore water microenvironments. Deposit-
feeding ibificid oligochaetes are atiracted to microenvironments that
exhibit high bacterial growth rates {Brinkburst, Chua, and Kaashik, 1972;
MeCal and Tevess, 1982). Tubificids are the most abundant macroben-
thos in Lake Erde. They leed w depih and deposit disarete, large (120 %
75 pm) leedd pellets at the sedimencwater interface. These pellets are
wude e of tightly packed sibt and clay particles that are difficult to erode
and have vary ldgh scuting velocities (McCall and Fisher, 1980). Thus
the in situ clieat of Lampiilis on particulate enteainment rate may well
be opposite the vesult predicied by a single species laboratory study, The
macofauna of cohesive sediments live in an envitonment of steep vertical
gradicuts of physical and chemical propertics, and they are large relative
to these gradients, so their effects can be quite large. Furthermore, since
the macrolauma live in o viscous sediment-water mixture, the changes
they effect in these properties nre not so tansicnt as those in agueous or
sudizerial envivonnents but fast tonyg enough to wflect micro., meio- and
otlier nuacrobenthos.

At prosent, the laborvatory sesults on substratiun properties and the
flux of solutes and purticsdates cannot be confidently applied 10 Lake
Erie. To estimate in situ fuxes we would need to know the time hetween
distirhances of the bottom, the spatial patiern of henthos abundance,
behavioral dificrences of bivalves between the laboratory and the ficld,
and the temperature dependency of macroinvertebrive hehavior and par-
ticuhar miciobial activities, as well as the astagonistic or sypergistic eflects
of other macrobenthos. Hlowever, these is littde doabt that sediment trans.
port and sohute flux are important processes in the shallow western hasin
of the lake.

Resuspension of bottom sediments in the shallow western basin (8 m
depth) by waves and corrents ds frequent, and both calculated instantane.
ous Cheursinysy ltuxes {up to 5 mmjfevent; Sheng and Lick, 1979) and
sediment teap fhaxes averaged over a summer (1 mm/fday; Herdendorl,
F9GBY greatly excecd the net accumudation rate measured over periods of
102100 yrs (~0.3.3 mm/yr; Kemp, Macinnis, and Harper, 1977). Even in
the deeper, more stable castern basin, Bloesch (1982) found that from 83
to U9 percent of the materint coliected in sediment traps 1 to § m off the
bottom atdeptds of 9 to 40 m had been resuspended from the bottom,
Acting alone, the effect of unionids during warm months will be to in-
crease the flux of sediment poth from the interface (higher entrainment
rates) and 10 the interface (higher settling velocities) aml enlarge the area
of bottom subject 1o crosion (by lowering the Buid stress at which inter-
facial sediment entrains). ,

Increasing atteation has been locused on nitregen fimitation of photo-
synthesis in Likes and the ability of nitrogen o modily the biologic re-
sponse o phosphorus Himitation {Smith, 1982, Jones and Simon, 1981
Fee, 1979). Burns (1976) found that inorganic N in Lake Erie watcrs un-
dergoes a major depletion during the summer months and exerts a sig-
nificant control on phytoplankion growth. No detailed nivogen budger
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incorporating sediment processes is available for Lake Erie, but recycling
of nitrogen from Lottom sediments may be significant, Kemp and others
(1976) estimated the anmual deposition rate of nitrogen in the Western
Basin of Lake Erie to be 1145 ppfem?fyr (= BI8 mM/m?/yr). The control
agquarium gives an estimate of the rate of nitrogen release in the absence
of benthos of 40 mM /m?/yr ar abowt 5 percent of the annual input, Extra-
poluting the “With-Bivalve™ experimentat results using natural botiom
densitics gives estimates that are ~7 percent of the annual input and on
the arder of 5 pevcent of the annual primary production in this part of
the Lake,
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