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Abstract
Sediments from oligotrophic llathead Lale stimulated more than doublc the growth of the alSae
Selera:trtn cdficor at m rcIati\e to control cultures ifl laboratory bioassays. lnorganic pho6phorus,
as vcll as other nutrients (e.g., nitroaen) ifl sediments were available as algal nutrients- These
assays suggested that nutrients associated with sediments would liLely stimulate algal growth in
Flathcad 

-ial<e. 
This growth apparendy docs not occur, because sediments derived from riverine

soruces havc a short retention iime in the photic zone of the lake Bv inference we concludcd that
clay sedime:ts efltering the lake apparently play a functional role in sedimentatioo of phosphorur
and oth--. nutrients t'ermanentlv to the lake boftom.

ln l roducl ion

Sedin-rents may play a critical role in determining the trophic status of lakes, afld a

koowledge of the role of clay sediments is a concero in effective lake managemeot

(Serruya, 1971; Fillos and Swanson, 1975). Stanford and Potter (1976) suggesred that

the in{lux of clays duriog spring runoff influences the dynamics of the Primary troPhic

level in Flathead I-ake, Mootaoa. The paucity of available phosphorus io this lake,4-15

pg 1 r ( Senfotd and Potter, 1976), Probably makes this mactonutrient an imPo(tant

one in directly influencing primary prod'uctivity.
Bottom sediments usr-rally contaio proportionately higher concentrations of nutrients

than those found in the overlying water column due to gtavitational losses of particulates
(i.e., seston ) and chemical precipitation. Conseqr-rently, sedimeots have long been

recognized as a potential soutce of these nutfients to lake waters (e.g., Monimer, 1941;

Wetzel, 197)). However, little definitive infotmation on the rate arid exleot of ou-

trient release from bottom sedimeots is available. The exchange of phosphorus betweeo

sediments and the overtying water appears to be dependent upoo a number of chemical,

physical, and biological parameters (cf. Lee, 1970i \fetzel, 1975). Laboratory srudies
(Golterman et al., 1969; Porcella et al., 1910 ) hxve shown rhat sediments may setve

as the soie soutce of phosphotus to algae. Recent srudies have attemptetl to quantify

the different forms of sediment phosphorus and their poteotial as a macronutrieoc
(cf. Vilduog and Schmidt, 1971; Sagher et a1.,1975).

!7e performed laboratory bioassays to detetmine the biological availability of

phosphorus in Flathead Lake sedimeots to a test alga, Selenastrum capt;cotnatarD. 
'lhese

experiments were a part of an oogoing study of the iimnology of the Flathead Lake-

River system to better define the functional role that clays may play in nutrient cycles
q/ithin the lake.
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Melhods and Matcrials

Stock cultr.rres of S,elana rum capricatn tltm wele glowr in syntheric assay medium
mixed according to the SeLefiafiutl cdpricortt tam Prioz algal assay bottle test (U.S.

EPA, i978). Io order to acclimate the alga, several successive cultures were gron'n in
the AAP medium under the conditions of the assay. Since gtorvdr response ielarive to
phosphate was to be examined, the alga was phosphoms-starved by growth under minr.rs-
phosphorus conditions. The medium used rvas AAP medium wirhout the addirion of
the KH:PO+; KC1 was used to compensate for the potassium ion concentration. The

alga was allowed to grow in AAP minus P medium (AAP-P) to naxinun biornass
in 50 ml. To ensure phosphorus limitation to growth, cells *.ere then harvested by
ceotrifugation, washed with distilled \\'ater, re-cemrifuged, and transferred to fresh
AAP minus P medium. The process was repeated until gro,rvth was less than 10 perceot

of controls over a 24-hr period. The P-sttwed Selenattraaz were rhen used as inoculturl

for the assay.

A coring cievice was used to collect sediments in the deepest arsa of Flathead I-ake
(100 m) at a point oear midlake and n'esr of Yel loq'Bay. Sedimeot cores \\ere kepr
frozen until used in bioas,s.rys. The top 5 mm of core rvas homogenized, dried at 105'C

fcr 72 hr, crushed, and added to the a-ssay media at a coocentrarion of 1 gm 1 r.

The effect of sediments free of ioorganic P upon algai growlh \vas determined by
usiog sediments treated wirh an exrlacrioo procedure employing high temperatr.rre

ignition ( \falker and Adams, 1958). This procedure was resred and evaluated against
other commonly useci methods (Jackson, 1955; Mehta et al. 1953) for the exrraction

of inorganic phosphorus ftom sediments and was judged to be rhe mosr suitable (Wildun.g

and Schnridt, 1973). Tlne method called for adding 100 ml of 1N N: SO+ gml of
dried sedimenr followed by shakiog for 16 hr. The sediment was thefl centrifuged,
washed, ceotrifuged again, and dleo leurralized rvith NaOH. After drying anc] ctush-

ing, extracted arrd uoextractecl sediments were used in the assay. Of inrercst was the
hypothesis that added sediment-phosphorus n'oulcl significaotly stimulate algal growth

in comparison ro controls in Plimited c'ultures. The bioassay was nor, however, designed

to differentiate between possible sources of inorganic phosphorus irr the sedimeot, or

rbe i r  r e l a r i ve  (on r r i bu t i on r  r o  a l ga l  nu r r i t i on .

Six sets of tfuee 50 ml replicates of the two experimeotal media (AAP and AAP-P)

were inoculated rvith equal volumes of phosphorus-starved algae from the stock cul-

ture- Each cuirdre set was theo trcated rvith extracted or unextracte(l sedimeots or

untreatecl (cootrols) according to the expelimenrai design shown in Table 1. An

electronic p.article counter (Cotrlter, Model ZBI) s.as used ro determine cell flumbers

every 24 t't. Several ceil couflts wele aisc made usiog standard microscopic procedures

to ensure accuracy. Daily c'ulrure biomass (cell concentration) was calculared es an

T- , \1 lT , l t  1 .  I ! x !e r iber l r l  des ign : r .nd  bhass iy  res t r l t s i  daL are  nean .e l l  ( ! , i . re r l r ' .1 i . r i s  i ( , . l l s
rn r  ,  x  10r )  I  1  sundard  de l ia ion  (n  i )  { t  tbe  conc lus icD o l  ih !  Uoassr r '  (s  d l l rs ) .

I Ine f , t r ' . c rc11 sed ihen l
U\tr-acrtcd scdimfnr
Con i ro ls  (n , )  sed i rn .n i  rdded)
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average of cell coocenttations in each of the replicates within a given tteermenr. Sig-
nificant difference betweeo means was determined using a paired t-test ( :0.05).

Our bioassays examined only the biologicai avaiLabiliry of phospborus, sioce not
aI[ forms of extractable ioorgaoic phosphorus are available for algal outrition. Some
forms (i.e., apatite mioeral, a form of occluded ioorganic phosphorus) are not readily
exchangeable (Li et al,, 19721 aad were oot considered to be a conuibutor to the
dissolvcd phosphorus pool. These bioassays rvere designed to deterrnine if inorganic
phosphorus present in any form was avaiiable for algal growth under rhe test conditions.

Results and Discussion

The assays continued for 11 days; ho*-ever, by day 9 all culrures had :rpproached asymp-
totic growth. Culrures containing phosphorus (AAP medi'um) responded rvirh grovth
that was significantly greater than observed io control cultures coneining no phos-
phc,rus (.dAP-P medium) (Tabie 1). Culrures in AAP-P medium conraioinll exrieced
sedimeot were not significantiy different fron-r the AAIr-P conrlol cukures, which in-
dicated that inorgaoic phosphorus had been removed by rhe extraclioo procedure (Table

1). Celi biomass in AAP cootrol culmres rvas significandy Iess thao celL biomass in
the three other culture conditions (i.e., AAP plus extracted sedimeot, AAP plLrs sedi-
ment and AAP-P plus sedimeot) (Table 1). rVheo sedimeors s'ere added at the ex-
petimental coocentratioo to AAP-P medium, final cell biomass was neaxly trvice that of
the cootrol cultures (Fig. 1). We coocluded that sediment-phosphoms was available
in sufficient quantity to stimulate a sigoificant growrh respoose.

I7e also coocluded that other nutrients (e.g., nitrogen) wete available io the sedi-
meots and that they apparendy enhaoced the stimulatory effect of phosphorus enrich-
ment. The AAP cultures (conraining 0.186 mg 1 I POa) rreared rvith exttacted setli-

ments yielded greater biomass thao AAP controls. Sioce significaotly grearer growrh
srimulus was nor manifesed in AAP-P culftrres treated with erttacted sediments in

comparisoo to AAP-P controls, it was appareor thar gro$/rh in AAP cultures was

stimulaled by nutrients other thao pirosphorus io sedimeots ( Table 1).

Microscopic examination revealed that bacreria were present during rhe assays.
Bacterial reminetalization of particulate olganic matter in the sedirneots may have

been a facror affectiog phosphorus availability to test algae. However, the within treat-

meot standatd deviarions v/ere not particlrlarly great, indicating that bacterial remineral-

izatioo and other bias effects were fairly uniform across the desig!.

Turbidity caused by sediment addition may have inttoduced a difference io light

availabiiity betrveeo control and treated cultures; rhis factor made direcr comparisoos
of growth iesponse to nuuient concentrations difficult. Strall responses due to minor
nutrient lirnitations may be difficult to detcct qualtitatively in such assays, unless

differential illunination effects caus€d by sediment rurbidiry can be measured. Hon ever,

available inorganic phosphorus concertrarions were great enough in these experimeots

to oflset potential light availabiliq. effects, and they resulted in clear gro*'th stimuli.

The deep basin (mean deprh:50.2 m) of Flathead Lake restr icts sediment tesus-
pensioo, except in highly localized oeal-shore areas- AIso, the water column is usually

salrrated with oxygeo; annerobic conditions, which may facilitate phosphorus release

from the sediments ( Mortimer, 194I; Lee ,1970), do not occur. These limnological

conditioos and the ability of the botom sedimeots to suppty phosphorus in the bio-
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Figure 1. Growth ol Selenattum (means aod ranges) in P-limited (AAP'P) and normal (AAP)

control cultures in comparison to P-limited cult_ores treated with unextracted sedinents
from Flathead lake.

asmy implied that Flathead La.ke sediments may expedite rhe perma[enr loss of this
maclooutrient from nutieot cycles in the lake The low conceotratioos of phosphorus
in the q/ater arrd rhe higher concenffatioos of phosphorus in the profundal sediments
add sup,pon rc the hyporhesis (Sanford and Potter, 1!76) that sedimenting clays in-
troduced during spriog runoff n,a.y plLy a role in limitiog primary productiviry.
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