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A field and laboratory culture study was carried out on the nitrogen metabolism of isolates sf the freshwater 
phytoplankter Chsysocbrrornulim breviturrita Nich. (Pryrnnesisphyceae). These were isdated from two different 
softwater lakes, one believed to be influenced by acidic precipitation (Cinder Lake) and another wkich was 
experimentally acidified with HrSB, (Lake 302-South). The alga was able to utilize only NH4' as an inorganic N 
source. A range sf irradiances and molybdenum concentrations failed to induce NOr- utilization. Among 17 
organic N compounds including amino acids, purines, and other amines, only urea plus Ni2' as a cofactor would 
serve as the sole N source for this species, Nonetheless, growth rates in media supplied with urea were 
significantly less than with NH4'. Field data from Lake 302-S indicate that a predominance of NH4' versus NO,- 
as the major inorganic N species may have favored the development of a Chrysochromudipra-dominated 
community during August 1984. A detailed depth profile also indicated that a rnetalimnetic peak (>20 x 1 o6 
ce!Is/L) of this alga coincided with a distinct NH4' depletion, which occurred at no other time during the year. 
Experiments with isolates of C. brevitussita and a Nadanochdsris sp. (Chlorophyceae) (-1 Frn in diameter) from 
this community indicated that the former alga possessed a highly specialized N metabolism much like the Cinder 
Lake isolate. The Nawwoch%oris sp. from the same envirsnrnerpt grew on NO3- and NH4' equally well. It i s  
suggested that the specialized NH4' utilization by C. breviturrita may itself influence the pH regime of poorly 
buffered waters through selective N H, ' uptake and H' generation. 

Les auteurs ont & d i e  sur le terrain et en Baboratoire le metabolisme de I'azote chez des isolats de !'organisme 
phytoplanctoniqkse d'eau douce Chrysochromulina breviturrita Nich. (pryrnnesiophyc6es). bes organisn~es snt 
ete preIev6-s dans deux lacs d'eau douce diffkrents. Le premier, Ie lac Cinder, semble subir les effets des 
pr6cipitations acides. Le second, /e lac 302-sud, a ete experirnentalement acidifie au HaSO4. Les algues ne 
puvaient utiliser que le NH,' cornme source d'azote insrganique. L'utilisation d'une garnrne vari6e d'irradia- 
tiows et de diverses concentrations de molybdene n'a pas permis d'induire I'utilisatisn du NO,- .  Des 17 
cornposks anstes organiques utilises, notarnment des acides arnines, des purines et d'autres amines, seule I'uree 
(avec du Ni" comme co-facteur) 6tait utilisbe comme source d'azote par cette esgce. kes taux de croissance 
obtenus en milieux enriehis 2 I'uree ktaient cependant significativement infkrieurs A ceux obtenus en milieux 
enrichis au NH,'. Les donnees obtenues sur le terrain au lac 3892-5 indiquaient que la prkdominance du NH4'par 
rapport au NO3- comme principale substance azstee insrganique avait pu favoriser Ifexpansion, en aoQt 1984, 
d'une communaut6 dsrninke par Bes Chrg/sssAromulina. Un profis des profondeurs detail l6 indiquait aussi 
I'existence d'uw pic metalimnetique (>20 x 1 (I6 cellules/ L) de cette algue qui csi'ncidait avec une nette carence 
de NH,', phenomene qui ne s'est produit A aucun autre moment de I'annee. Des essais portant sur des isolats de 
C. brevitusrita et de Nannocbrlosis sp. (chlorophyce+es) d'envison 1 pm de diametre prelevbs de cette cornmu- 
mute ont montre que la premiere algue possedait un rnktabolisme fortement spkcialise de I'azote qui ressemblait 
beaucoup i celui not6 pour I'isolat du lac Cinder. Les Nannoshloris sp., qui provenaient du m6me environne- 
ment, utilisaient aussi bien te NO3- que le NH,'. Les auteurs $mettent i'hypothese que Iputi8isatisn specialisee du 
NH,' par C. brevitursita peut en elle-m6me influer sur le regime du pH des eaux ma1 tamponnees de par une 
assimilation selective du NH4' et la production de H'. 
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'hile phosphorus is widely recognized as the 
nutrient wkich most commonly regtslates algal 
productivity in Bakes (Schindler 1977; Wetzel 
1983), nitrogen may influence algal biomass in 

some systems and may also affect species composidoaa (Kalff 
197 1 ;  Liao and Lean 1978). Phytoplankton growth in Castle 
Lake, a mesooligotrsphic lake in California, is limited at least 
during part of the year by N availability and regeneration 
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(Axler et al . 1 982). Several forms sf N are bnsaaall y present and 
are recycled in freshwaters. The cycling of ammonium (NH4+) 
is particularly rapid (a few hours), wkich indicates a close 
coupling between regeneration and assimilation (Brezonik 
1992; AxIer et aI. 1981). 

In oligotrophic, granitic basins, NH4+ inputs are frequently 
derived in luge  part from atn~ospheric sources such as gaseous 
forms and precipitation (Likens et al. 1977). In suck systems, 
which are also influenced by acidic precipitation, inputs sf 
NH,' are retained much more strongly than nitrate (NO3-) 
(Galloway et al. 1983). This could be significant, particu%arly 
as NH4+ represents on average the second most abundant 
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cation in acidic precipitation (Gorham et al. 1984). Further, it 
has k e n  shown in whole-lake experiments that NH,' util- 
ization by phytoplankton may further acidify poorly buffered 
waters (Schindler et al. 1985). 

Culture studies have indicated that nearly all algae can 
utilize either NO3-, NO2-, or NH4' as a N source. The latter 
form is utilized most efficiently, as more oxidized forms must 
be reduced before being incorporated into organic N com- 
pounds (Mealey 1973; Syrett 198 1 ) . Our interest in N metabo- 
lism arose while developing a dilute, defined culture medium 
for the freshwater phytoplankter Ch~soehrsmulina brevitur- 
rita Nich. (Prymnesiophyceae) (Wehr et al. 1985). In nature, 
this organism "blooms" in softwater lakes influenced by 
acidic precipitation and is associated with characteristic sour or 
rotten cabbage odors (Nicholls et al. 1982). In preliminary 
culture experiments, we found that the alga could use NH4', 
but apparently not NO3- or urea, as the sole N source (Wehr 
et al. 1985). In addition, cells grown over the short term (-- 10 
d) in a NO3--based medium had significantly less chlorophyll 
a per cell than NH4'-grown cells. Utilization of N%+, as 
shown previously (e.g. Pratt and Fong 1940; Brewer and 
Goldman 1976), also led to the acidification of the growth 
medium unless a pH buffer was used (Wehr et al. 1986). 

Relatively few freshwater algal species have been shown to 
have distinct preferences for certain forms of N. %he most 
widely studied group are the euglenoids, which typically occur 
in acidic waters. Many isolates will not utilize NO3-, but all 
can apparently substitute a wide variety of organic N com- 
pounds (especially amino acids) for N&+ (Cramer and Myers 
1952; Birdsey and Lynch 1962; Cook 1968; Kempner and 
Miller 1972). One marine cryptomonad, Hemiselmis vir- 
eseens, has k e n  shown to possess a similarly limited N meta- 
bolism (Antia et al. 1975). Cy~nidium cakdariurn, which 
occurs in acidic hot springs, is also somewhat specialized, with 
some isolates which can and others which cannot use NO3- as 
a N source (Rigano et al. 1975), although a number of organic 
compounds will suffice. An unusual example of NO3- p ~ f -  
erence has also been described in two %iaematscoccus spp. 
(Proctor 1957), which was shown to be related to pH interac- 
tions with NH4+ toxicity (Stross 1963). This might be 
expected, particularly with the excessive N concentrations 
used in these early studies (millimolar range). 

Although many algal species apparently "prefer" NH4+ 
over NO3- or organic N (Syrett 1981), we know of no studies 
in which neither NO3- nor an array of organic N compounds 
can supply the N needs of an alga. In the present study, we 
demonstrate in detail that C .  breviturritcz possesses an excep- 
tionally specialized N metabolism and that this has particular 
importance when blooms are formed in acid-sensitive lakes. 

Materiais and Methods 

Culture Experiments 

Ch~sochrom~c~in~i breviturrita was originally collected in 
July I982 using surface water ( 1 rmr depth) grab samples from 
Cinder Lake (78"5 1 " , 45"04 N ) ,  a moderately acidic, 
oligotrophic lake in south-central Ontario. It was isolated into 
unidgal, axenic culture and has been maintained since early 
1984 in a chemically defined medium which approximates the 
chemistry of softwater lakes. Exhaustive electron microscope 
studies of this isolate (BT130) indicated that 6.  bmviturrita 

was the only species present in culture. Complete details of 
isolation and the culture medium have been given previously 
(Wehr et al. 1985). Nearly all culture experiments were csn- 
ducted using this isolate. In one experiment, two other phy- 
toplankters were used. Ch~sochrsmu%im breviturrifa (isolate 
BT B 38: identity determined by TEM) and Nannochloris sp. 
(isolate LRGT-1: - 1 prn in diameter) were both isolated from 
a sample collected from Lake 302-South in the Experimental 
Lakes Area (northwestern Ontario) in August 1984. Details of 
this site are given in the field program below. Both were 
rendered unialgal and axenic by methods described previously 
(Wehr et al. 1985). The plus-N medium routinely used for 
maintenance of cultures (Muskoka No. 1 12) is identical to that 
used in previous studies (No. 42: Wehr and Brown 1985; Wehr 
et al. 1985) except that half the N and P (50 pM (NH,)H,PO,) 
and only two vitamins (thiamine, BIZ) were added. The water 
used for media was glass distilled and then passed through 
a cation-exchange column (Biorad AG50-$W, H' fom) 
to remove trace NH4+-N. Experimental cultures were grown 
in acid-washed (18% HCl) 125-mL Erlenmeyer flasks con- 
taining 50 mL of medium. They received an irradiance of 66 
p ~ m m - ~ .  s- ' on a 12: 12 LD photoperiod ("cool-white9' fluo- 
rescent lights) at 20°C, unless stated otherwise. In one experi- 
ment a range of irradiances (10-200 pEem-2*s-') were also 
tested. When nitrate (as Ca(N03)2) or other N compounds were 
supplied, P was added as NaH2P04. Organic N compounds 
(and NH4+ controls) were added after autoclaving the minus-N 
basal medium via filter sterilization (0.2-prn pore size). A11 
amino acids (except glycine) used were in the L form. Experi- 
mental treatments were mw in triplicate. Prior to a specific N 
treatment, cells were grown in a NH4+ -N based medium (Mus- 
koka No. 112) \rp to late exponential phase (-7-9 d). Approx- 
imately 80-90% of the medium (minus cells) was then asep- 
tically aspirated off and replaced with an equivalent volume of 
N-deficient medium. Cells rzmained in this regime for approx- 
imately 3-4 d prior to inoculation into experimental condi- 
tions. This "starvation" was, however, probably insufficient 
to completely eliminate traces of N&+-N being carried over 
with the inoculum. Cultures were inoculated to produce an 
initial density of between 2 x lo3 and 5 x 103 cells/mL. 
Cells were counted using a Bio/Physics (model 63QOA) laser- 
based particle counter which was calibrated daily with 
hemacytometer counts. 

Field Program 

In August 1984, a bloom with odor of C. breviturrita (plus 
C .  burentima Kling: identified by TEM) occurred in the south 
basin of Lake 302 in the Experimental Lakes Area. Details of 
geography and bathymetry of this lake are given in Bmnskill 
and Schindler (197 1). The lake was divided in half in 198 1 
using a vinyl curtain and experimental acidification of the 
south basin with concentrated H2SQ4 (electrolyte grade) began 
in 1982. Acidification procedures were similar to that 
described for Lake 223 (Schindler et al. 1980). Most of the 
HCQ- in the epilimnion of Lake 302-S was destroyed during 
the first year, while in subsequent years further acid was added 
to decrease the pH by about 0.3 units/ yr (Schindler 1985). In 
1984, annual pH averages in both the epilimnion and the whole 
lake were 5.6. Average total alkalinities in these two regimes 
were 16 and 4.5 pEq/L, respectively (M. A. Turner, Fresh- 
water Institute, Winnipeg, Man., pers comm.). 

Nitrogen chemistry and phytoplankton abundance in Lake 
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FORM OF NITROGEN 

Re;. I .  Comparison of growth (expressed as cell yield) of C.breviturrk~~ when supplied with 21 
different N cornp~unds as the sole N source. A11 N sources (group I = inorganic, group 2 = amino 
acids, group 3 = other organic forms) were supplied at a concentration of 50 yM. Results represent 
growth in experiments based on the first subculture only (n = 3 per treatment, error bars represent & 1 
SD). Ala = alanine, Arg = arginine, Asp - aspartic acid, Cys = cysaeine, Glu = glutamate, Gln = 
glkatarnine, Gly = glycine, Om = ornithine, Ser = serine, Trp = tryptophan, Aden = adenine, Glcn 
= glucosamine, Ggly = glycylglycine, Hypx = hypoxanthine, Urcl = uracil, U - Ni - urea minus 
Ni", U + Ni = urea plus NP+, Urac = uric acid. 

N U M B E R  OF SUCCESSIVE SUBCULTURES 

FIG. 2. Long-term growth and maintenance of C. breviturrifa in 
media supplied with either NH,', NO3-, glucaasarnine, or urea plus I 
pM) Ni2+. N was supplied at a concentration of 50 pM. Each culture 
( n  - 3) was sequentially transferred to an identical medium upon 
reaching the late exponential phase (-7 d for NH,", NO3-, 
glucosaminc; - 12- 14 d for urea). 

302-S were compared during the development of the bloom. In 
1984, water was sampled at monthly intervals for chemical 
analysis at I - ,  4-, 6, ?-, 8-, 9-, and 18-rn depths using a 
peristaltic pump with polyethylene tubing at a station near the 
deepest part of the lake. The epilimnion was sampled weekly. 
Methods used for the analysis sf NO3-, NH4+, and organic N 

follow those described in Stainton et al. (1977) and Linsey 
et a!. (1985). Phytoplankton were also collected by an integrat- 
ing sampler (Shearer 1978) where depths were divided into 
three strata: epilimnion, metaBirnwisn, and hypolimnion. The 
depth of each stratum was based on temperature (epi-metalim- 
wien) and light (rneta-hypolimp1iow) profiles on a given date 
(9. A. Shearer, Freshwater Institute, Winnipeg, Man., pers. 
comm.). Samples were preserved using Lugol's iodine. Hdenti- 
fication of Chrysochrom~Iina spp. was carried out by D. L. 
Findlay (Freshwater Institute, Winnipeg, Man.) using light 
microscopy. Hence, C. pama was counted separately, but 63. 
breviturrita and C .  laurentiana were counted together as a 
single taxon. Details of routine preservation, counting, and 
enumeration methods as applied to Lake 223 samples (identi- 
cal to 302-S procedures) are given in Findlay and Saesura 
( 1980). Subsequent electron microscope QTEM) studies of 
plankton samples from Lake 302-S revealed the presence of 
both C .  breviturrita and C .  ~aurenbianha. 

Results 

A comparison sf  C .  bruviturrita growth (expressed as final 
cell yield) in a NH4+-N medium with that obsemd with media 
containing 19 other inorganic and organic N compounds as the 
sole N source (Fig. I )  revealed a highly specialized N metabo- 
lism. AI1 were supplied at 50 p M  N concentrations. Only urea, 
when supplied with ~ i "  as a cofactor ( 1  pM), proved to 
support growth which was statistically equivalent to NH4+ 
cont~-08s QANQBVA, p < 0.05). When Ni2+ was not supplied, 
growth was not stimulated, Lower Ni2+ concentrations which 
have been tested 4e.g. 0.1 pM) have resulted in intermediate 
yields. A11 other forms of N tested yielded significantly lower 
(ya < 8.0%) yields (approxirnde%y 20% that of controls on the 
first subculture into these treatments). The acidification of the 
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TABLE 1. Influence of i~adiance (PAR: photosynthetically active radiation) and Mo 
concentration on cell yields of C .  brevitmzrrkfa (after 2 1 d) in media supplied with NO3-- 
N, compared with NH4+-N controIs, All N sources supplied at 50 pM (n = 3); ND = 
no data available. 

Cell yields ( 10"ells/ ml) 
at irradiance (FE - m"" s - '1: 

Treatment 10 gQ 100 200 

NO3- -k 50 nM Mo 0.48 k0.05 0.71 k0.15 0.53 50.17 0.55 k0.06 
N03- -k 100 wM ND 0.63 + O . M  ND 0.65 + 0.01 
NO,- -k 1000 nM Mo ND 8.64 2 0.08 ND 0.47 k 8.08 
NH,' 8.73 k0.26 2.03 k0 .  16 2.1090.29 1.69+8.B4 

N l  TROGEN CONCENTRAT[ON (pM 1 T I M E  
FIG. 3. Influence sf N concentration on final cell yields of G .  bre- 

( D A Y S )  
vimrrdta with N supplied with either NN', NOa-, gluessamine, or FIG. 4. Growth curves of C.brevifurrc'ta when supplied with 50 pM 

urea (plus I pM as the sole N source (n = 3, emor bars repre- NH4', 50 pM urea (plus ~ i " ) ,  or 5868 pM urea (plus ~ i " ) .  Each 

sent 2 1 sra). Cultures were subcultured every 7 d (NH4', NO7-, treatment was replicated three times (SD b a s  less than symbol size not 
glucosamine) or 10- 8 2 d (urea). shown). 

medium was considerabty less when C .  breviturrita was grown 
on urea-N (pH 6.0-5.30) than on %IN4'-N (pH 6.8-4.5). A 
decline in pH to 5.30 was not significantly different from that 
measured in a NO3--N based medium (to pH 5.26), where 
negligible growth was observed. 

Long-term growth of C. breviturrita, when supplied with 
different N sources (Fig. 29, revealed that the low yields 
initially observed with NO3--N and glucosamine-N could not 
be maintained. After growth had reached late exponential 
phase, cells were transferred to fresh media containing the 
same N source. No evidence was found to indicate that the alga 
was capable of adapting over time (-- 40 d) to either NO3-- or 
glucosamine utilization. Maximum yield declined to levels less 
than 5% of controls. In contrast, urea proved to be capable sf 
supporting growth upon the first subculture and maintaining 

similar yields over successive transfers. 
An attempt was made to induce NO3- utilization by in- 

creasing the irradiance (stimulation of nitrate reductase) 
and Mo concentrations (enzyme cofactor) (Table 8 ) .  No 
increase in cell yietd was observed in the NO3- medium at 
60-200 ( ~ ~ E = r n - ~ - s - ' .  Lower light resulted in reduced yield, 
which was also observed with controls. Greater Mo con- 
centrations also failed to induce NO3- utilization, even in 
combination with greater iaradianee. 

The same N compounds (NO3-, NH4+, urea, glucosamine) 
which were tested for long-term effects (at 58 gaM) were also 
compared over a broad concentration range (Fig. 3), from 10 
to 1000 (JIM. No significant increases were observed in the 
growth of C. breviturrita (p > 0.05) for either NO3- or 
glucosamine-N. At 1000 pM NO3--N, yield decreased signifi- 
cantly (-40%). The maximum yield in the NH4'-N treatments 
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TABLE 2. Changes in densities of Ckrysmhromulina spp. (C. brevdturrita and C. dauren- 
Piana) in Lake 302-S in epi!imnion ("'epi") and rnetalirnnion ('"rneta") strata after the addition 
of HzSOj in 8 982. 

Cell density (10' cells/L) 
- 

n .r SD Maximum 

Treatment Year epi mcta epi meta epi meta epi meta 

Pre-acid 19811 16 7 8.10 0.13 0.07 0.17 0.28 0,46 
+HISO, 1982 14 10 0.24 0.12 0.25 0.18 0.91 0.64 

1983 13 8 0.44 0.44 0.54 0.75 1.6 2.1 
1984 15 9 2.4 8.6 3.1 4.5 8.9 20.4 

was observed between 50 and 100 pM,  with an apparent 
toxicity at concentrations >508 pM. In contrast, yields more 
than doubled (2.47 x 18' vs. 5.73 x 105 cells/mL) in 
response to increased urea concentrations between 100 and 500 
pM. These yields are the greatest so far achieved in culture for 
C. breviturrita. However, consideration of the entire growth 
curves for urea treatments (Fig. 4) clearly shows that m a -  
imum growth rates of this alga in urea-based media (e.g. 50 
pM: 8.46 0.067 divisions/d) are significantly less (p < 
0.85) than in NH4'-N (50 pM: 0-78 f 0.066 divisions/d). 
Maximum cell numbers are reached only after about 25 d, as 
compared with about 8- 10 d with N&'-N. 

The development of greater populations of C. breviturrita 
(plus C. lcnurentbcenw) in Lake 3024 was observed following 
the addition of H2S04 (Table 2). Maximum densities in the 
epilimnion and metallmnion prior to the addition of acid were 
0.28 x Id and 0.46 x 10%ells/L, respectively. Although 
standard deviations sf annual averages frequently reached or 
exceeded 188% of the mean, these average densities also 
followed an increasing trend over this period. By 1984, popu- 
lations in each stratum had increased more than 3@fold, result- 
ing in the symptomatic bloom with ' 6 s o ~ r 9 '  or "rotten" cab- 
bage odors in August. During the entire 1984 sampling period, 
concentrations of NH,+-N were newly always greater than 
NO3--N. regardless of depth (G .  A. Linsey, Freshwater 
Institute, Winnipeg, Man., unpubl. data). Densities of 
Chrysos-hromu&ina spp. during B 984 increased markedly after 
the spring turnover (late March - early April); epilimnion 
densities increased by a factor of five. while in the metalim- 
nion, cell densities increased 20-fold. A detailed comparison 
of late spring and late summer populations with the N regime 
(Fig. 5) indicates that with this metalimnetic algal maximum 
there was a distinct depletion c~f NH,+-N. NO3--N con- 
centrations, however, followed no obvious pattern in relation 
to depth or algal densities. 

As a follow-up to these observations, C. brevitusrita was 
isolated from a sample collected from Lake 302-5 during the 
bloom. Nsensaschloris sp. (Chlorophyciae) was also isolated 
and is considered here for comparison. The W.'aranoc&kkoris sp. 
was confirmed to be a member of the Chlorophyceae by chlo- 
rophyll and carotenoid analyses and electron microscopy of 
sectioned material (unpublished data). Both axenic isolates 
were tested for growth in media that had either NO3- or NHSf 
(50 pM) as the sole N source. Like the Cinder Lake isolate, C .  
breviturrita from L302-S was apparently unable to utilize 
NO3-. Upon first subculture the cell yield of this isolate was 
0.33 ( 9 0.19) x BO%ells/ mL versus 1.92 ( k 0.10) x 10' 
cells/mL in a NH4+-based medium. Further subcultures in this 
medium have proven that this isolate also cannot be maintained 

with N03--N only, substantiating earlier results (Fig. 2). Hn 
contrast, the Nannochloris sp. isolated from the same environ- 
ment on the same date grew equally well on either f o m  of N. 
The yield of this picoplankter, when using NO3--N, was I .  1 1 
(k0.13) x 18' cells/rnL and with NH4' was 1.21 ( r0 .32)  
x lo7 cells/m& (values not significantly different, p < 0.05). 

Discussion 

The present evidence from culture experiments (Table 1; 
Fig. 1-3) confirms earlier suggestions that C. breviturritw has 
an extremely specialized N metabolism. The fact that this alga 
may occur in massive numbers ("bloorn~'~) as the dominant 
alga in certain softwater lakes (Nicholls et al. 1982) is all the 
more remarkable and suggests that it is still a highly successful 
competitor. A restricted N metabolism has been demonstrated 
for euglenoids and other algal taxa from highly acidic environ- 
ments (pH < 4.0) (Cook 1968; Rigans et al. 1975). However, 
none of these are as specific in their requirements as C .  bre- 
vkrurrita and none are known from pelagic, planktonic commu- 
nities in lakes. A few softwater phytoplankton species, such as 
the desmid Arthrodesrnus, have recently been shown to utilize 
NO3-, urea, and in some cases one or more amino acids 
equally well (Vieira and Klaveness 1985). At present, little or 
nothing is known of the N requirements of other freshwater 
Chysochromulinse spp. (e. g . C. parva), although several 
marine species grow equally well on. NO3- and NH,', and can 
utilize at least some amino acids (Pintner and Brovasoli 1968; 
Carpenter et al. 1972). The inability of C. breviturrita to grow 
swccessfully at NH4+ concentrations greater than 100 FM 
(Fig. 3) may suggest an extreme sensitivity to ammonia toxicity 
(i.e. NH,'), which would be present at less than 0.05% (25 
M), given the pH, ionic strength, and temperature regime in 
our experiments (Messer et al. 1984). 

It is clear that No3- will not serve as a N source for C .  
breviturrita. Light stimulation and Mo, factors well estab- 
lished to stimulate assimilation (Syrett B981), had no effect 
(Table 1). Further, there was no evidence that the alga could 
adapt its metabolism if given sufficient time (Fig. 2). Some 
experimental evidence suggests that NO3- limitation may 
occur in marine phytoplankton due to unfavorable SO:- to 
MOO:- ratios (a competitive inhibition) exceeding - 1 X 10' 
(Howarth and Cole 1985). In our experiments, control treat- 
ments had a ratio of -3 x 16)' (Wehr et al. 1985), and elevated 
Mo concentrations (% : Mo ratios as low as 1.6 x 10') had no 
positive effect. aPle only form other than NMSC that was 
utilized was urea and only in conjunction with ~ i * + .  Such 
results suggest that the enzyme urease is present (Rees and 
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FIG. 5 .  Vertical profiles of filtrable NO3-, N h ' ,  and organic N concentrations as well as temprature 
in Lake 362-S during May 29 and August 21, 1984, before and during a Chrysoshromulina spp. blmm, 
respectively. Algal densities indicated for two integrated strata were measured immediately prior to the 
dates of the water chemistries. 

Bekheet 1982; Eskew et al. 1983). However, this N source, 
while capable of supporting a considerable biomass, is appar- 
ently much less efficiently utilized than NH4+, judging from 
the significantly lower exponential growth rates (Fig. 4). 
Although specific urea concentrations in Precambrian Shield 
lakes subject to acidic precipitation are lacking, it would seem 
unlikely that this form sf N is of importance in the ecology of 
C. bre~ieurrita~ 

The predominance of NM4+-N over NO3--N and NO2--N in 
experimentally acidified Lake 302-S may have been one factor 
which favored the marked increase of C. breviturritce in 1984. 
In the first 2 yr of acidification (1982-831, NO3- tended to be 
the predominant inorganic N species in the eupkotic zone 
(-0-7 m) during spring and summer (Linsey et aH. 198%). By 
1984, when C. breviturrita increased markedly, the N regime 
changed and NH4+ dominated throughout most sf the year, 
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including May though August (see also Fig. 5 ) .  By Bate 
August 1984, a dense metalimnetic maximum of cells coin- 
cided with the depletion of NHaf between 6 and 7 rn in depth. 

Considering the ability sf C .  breviturrita to develop (often 
abrupt) blooms (Nichdls et all. 1982), it may perhaps be 
expected that selective NH4+ utilization in a specific 1waBized 
stratum (e.g. metdimetic peak) could lead to short-term Hf 
generation and further acidification. Broad surveys of water 
chemistry data (Linsey et al. 1985; G .  A. Linsey, peps. 
eornrn.), however, indicate only slight pH differences with 
depth during periods of maximum cell numbers. It remains to 
be seen, however, possibly by the use of in situ experiments, 
whether such organism-mediated changes may occur. 
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