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Assessment of Phosphorus Limitation in an Oligotrophic Lake Using Radiophosphorus
Uptake Kinetics'
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CHOW-FRASER, P., AND H. C. DUTHIE. 1983. Assessment of phosphorus limitation in an
oligotrophic lake using radiophosphorus uptake kinetics. Can. J. Fish. Aquat. Sci.

We used P uptake kinetics as a means of assessing periods of P limitation to phy-
toplankton growth in an ultraoligotrophic lake. Tracer experiments, conducted biweekly and
weekly in 1975 and 1976, respectively, yielded information regarding the availability of

phosphorus over the sampling seasons. Analytical measurements of ambient phosphorus
concentrations were not as informative as uptake kinetic data in the assessment of phosphorus
demands in the lake. Whereas analytical methods identified probable periods of P limitation
at the end of summer, radiophosphorus data indicated that P limitation was prevalent through-

out most of the summer.
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La cinétique de I’absorption de *’P a servi a évaluer les périodes durant lesquelles
le phosphore est le facteur limitatif de croissance du phytoplancton dans un lac uitra-
oligotrophe. Des essais avec marqueurs, cftfectués & intervalles bihebdomadaires en 1975 et
hebdomadaires en 1976, ont fourni des données sur ’accessibilité¢ du phosphore pendant les
saisons d’échantilionnage. Les mesures de concentrations du phosphore ambiant n’ont pas
donné autant d’information que la cinétique de I’absorption dans 1’évaluation de la demande
en phosphore dans le lac. Alors que les méthodes amalytiques permirent d’identifier des
périodes probables de limitation du phosphore 2 la fin de 1’été, celle du phosphore radioactif

indiqua quc la limitation du phosphore prédominait durant la majeure partic de 1’été.
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UNTIL recently, assessment of phosphorus demands in lakes
has been limited to the correlation of conventional character-
istics such as total phosphorus (TP}, soluble reactive phos-
phorus (SRP), or soluble unreactive phosphorus (SUP) to the
phytoplankton biomass or chilorophyll a. This approach
produced results that were difficult to interpret and often
misleading. One explanation for this inaccuracy has been
attributed to the inappropriateness of employing a static mea-
surement to describe a dynamic system that exhibits a con-
stant flux among various P compartments (Lean [973a,
1973b; Lean and Rigler 1974; Halfon 1979). Static mea-
surements, in addition to being inappropriate, have also been
problematic when applied to ultraoligotrophic systems. The
forms of P exist in such low concentrations that they often
escape detection or are inaccurately measured owing to sensi-
tivity limitations. Also, some organic P may be hydrolyzed by
acidic reagents, giving overestimates of SRP (Rigler 1968;
Downes and Paerl 1978; White ct al. 1981). A dynamic sys-
tem is more appropriately measured by a kinetic term (e.g. the
“turnover time” of an uptake curve) that indicates the rate of
P uptake.

Lean and Nalewajko (1979) were able to use 2p uptake
experiments to assess periods of P limitation in small and
large lakes, and Levine and Schindier (1980) measured sea-
sonal changes in the flux of orthophosphate to seston in two
Canadian Shield lakes. Recently, White et al. (1982) identi-
fied factors affecting orthophosphate turnover times in New
Zealand and Canadian lakes. In none of these studies are
turnover times compared with parallel changes in phy-
toplankton abundance.

The objective of our study was to test the effectiveness of
P kinetics for assessing P demand in an ultraoligotrophic lake.
We were particularly interested in comparing P kinetics and
standard analytical methods to observed changes in phy-
toplankton abundance in hopes that kinetics may be used as an
alternate means for the identification of P limitation in oli-
gotrophic systems.

Lake Matamek (65°50'W, 50°20'N) is a Precambrian
Shield lake with an area of 1320 ha and a maximum depth of
100 m (Janus and Duthie 1979a). The lake is acidic, with a
summer pH of 5.5—6.0, and is very low in dissolved solids.
Conductivity is in the range 10—20 pmho/cm, and total

Regu e 12 février 1982
Accepté le 8 mars 1983

cations do not exceed 4 mg/L. The mean summer chiorophyll
a concentration of about 1.5 mg/m’ and the summer phy-
toplankton biomass of generally between 100 and 150 mg/m’
attest to its ultraoligotrophic nature. The phytoplankton and
primary productivity of Lake Matamek have been described
(Janus and Duthic 1979b; Ross and Duthic 1981), and a
P budget has been calculated (Chow-Fraser and Duthie 1983).

Methods — Biweekly PO, uptake experiments were car-
ried out during 1975 at a central station in Lake Matamek
(Matamek Centre) from the beginning of June unmtil late
August. Surface water samples werc brought back to the
laboratory within 30 min of collection. Samples were also
taken for SRP and phytoplankton biomass determinations.
The SRP and TP samples were obtained from a depth of
0.5 m, and the integrated phytoplankton samples were col-
lected by means of a 2-m-long rubber hose lowered vertically
into the water. In 1976 the same sampling methodology was
carried out weekly at a station approximately 2 km to the east
(East Basin) of Matamek Centre.

The mecthod of Lean (1973b) was used to estimate P turn-
over times. To a 600-mL sample of lakewater was added
9.25 MBq of carrier-free *PO,. At various time intervals,
10-mL aliquots were withdrawn and immediately filtered
through (.45-pm pore size membrane filters. The filters were
rinsed with 20 mL of distilled water and then placed in scin-
tillation vials. All incubations were carried out for 4-h peri-
ods. The logarithm of the percentage of total radioactivity
remaining in the filtrate was plotted against time. The recip-
rocal of the initial slope of the curve yielded the tarnover time.
Samples for TP (in 1976) and SRP (in 1975) were analyzed
by the methods in Strickland and Parsons (1972). Phy-
toplankton enumeration was carried out using an inverted
microscope and freshweight biomass estimated by the method
described by Janus and Duthie (1979a).

Results and discussion — Interpretation of radiophos-
phorus uptake curves — Figure | shows representative
uptake curves that were obtained in Lake Matamek over the
two sampling years and describes approximately 75% of our
observations. The three curves correspond to types described
by Lean and Nalewajko (1979). Figure 1a corresponds to the
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L? FiG. 2. Examples of transitional P uptake curves. Type 1-2

o
“=type | curve; the long turnover time of 121.1 min suggests
“Bthat P was abundant or in low demand. Figure 1b corresponds
o the monophasic type 2 curve where P is depleted and/or in
—high demand. The kinetics can be described using a two-
Scompartment model: phosphate exchanging with cellular P
Awith insignificant formation of organic P. Figure lc, how-
.ever, corresponds to Lean and Nalewajko’s (1979) diphasic
type 3 curve thought to represent extreme P depletion or very
wghigh demand and occurs at times when colloidal P and a
2phosphorus compound (XP) of low molecular weight become
<labeled in less than 1 min.

Figure 2a appears to be a transition type between type 1
iTand type 2 (type 1—2). The initial portion of the curve slopes
~very gently and is followed by a gradual asympote. In this
%paﬂicular case there is a possibility that even after 4 h of
Qincubation, the system has not reached an asymptotic level.

Figure 2b is an example of a curve that cannot be explained
using a two-compartment model even though the curve is
log-linear. Were it not for the relatively low turnover time this
curve could be mistaken for type ! kinetics. However, a
turnover time of 6.9 min implies a very rapid incorporation of
P, characteristically associated with a P-depleted condition.
Figure 2c presents yet another situation in which the uptake
kinetics appear to be intermediate between two curve types.
The oscillation of points about the asymptote renders the task
of distinguishing between curve types 2 and 3 extremely

(1 September 1975, Matamek Centre); type ? (27 August 1976, East
Basin); type 2—3 (30 August 1976, East Basin).

difficult.

Paramount to a proper understanding of P demands in lakes
is the recognition that there is a constant exchange of P
between two or more compartments. Qur suggestion that there
are transition types between the types of uptake curves de-
scribed by Lean and Nalewajko (1979) is totally in keeping
with the dynamic nature of the model.

Interpretation of P limitation — Figure 3 summarizes the sea-
sonal variations in uptake curve types for Matamek Centre in
1975 and corresponding measurements of turnover times,
SRP concentrations, and algal biomass. In the beginning of
June, both biomass and SRP measurements were relatively
high. Both decreased until early July and then increased
again, but by mid-August the curves had diverged. with SRP
being minimal and biomass being maximal. Since algal bio-
mass was high and SRP was very low in August, P limitation
was likely. The low biomass and relatively high SRP values
from June to mid-July could be interpreted to mean a non-P-
limiting system.

The type 2 curve and the relatively rapid turnover time in
the early part of June imply the existence of a moderately
depleted system; the type 3 curves and low turnover times
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FiG. 3. Summary of uptake curve types, turnover times, soluble
reactive phosphorus concentrations (SRP), and phytoplankton bio-
mass concentrations (biomass) for Matamek Centre, 1975.

exhibited from mid-July to mid-August also corroborate with
the interpretation of SRP that the system was P limited. How-
ever, interpretations of the kinetic data diverge from those of
SRP measurements from mid-June to mid-July. Whereas the
types 3 and 2 together with corresponding low turnover times
were indicative of P limitation, SRP and biomass mea-
surements were not. In summary, while uptake kinetics
revealed that Matamek Centre was P limited, or at least P
depleted for most of the summer in 1975, analytical mea-
surements implied limitation only at the end of the summer.

The data for the East Basin is summarized in Fig. 4 and
may be interpreted in a fashion similar to those for Matamek
Centre. The inverse relationship between TP and algal bio-
mass in June and August is clear. These trends suggest that
initially there was an abundance of P, probably as a result of
spring overturn, but as biomass increased, P became depleted
and the system was probably P limited by late June. The very
high algal biomass and low TP measurements in mid-August
also imply P limitation.

With reference to the corresponding P uptake kinetic data
for June, the type | curve and extremely high turnover times
(in excess of 100 min) substantiate our interpretation that P
was not in high demand. A more concentrated sampling effort
in East Basin permitted the observation of the transition
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phorus concentrations (TP), and phytoplankton biomass concentra-
tions (biomass) for East Basin, 1976.

curve type [ —2. By late June, the occurrence of type 2 and
shorter turnover times indicated that P was in higher demand.
In mid-August, transition type 2—3 and type 3 curves,
together with extremely shortened turnover times and high
algal biomass, strongly indicated a very high P demand in the
lake. Up to this point, uptake kinetics in East Basin concur
with the interpretation reached by conventional measure-
ments. The discrepancy occurs in the period between late June
and early August. Type 2 and 3, in conjunction with very
short turnover times, are indicative of a very high P demand,
not rcvealed by TP and algal biomass measurements. As in
Matamek Centre, the kinetic data inferred that P was in high
demand throughout most of the summer in 1976, even though
conventional measurements did not.

The foregoing comparison of algal biomass, analytical, and
kinetic data points out the interpretive difficulties with mea-
surements of SRP and TP. These appear adequate for inden-
tifying P limitation during periods of low P concentrations,
but can be misleading during other periods. The basic prob-
lem is that a P measurement, regardless of the algal biomass,
can be equally associated with a high or low P demand.
Therefore, the moderately high SRP and TP measurements in
midsummer in Matamek Centre and East Basin could not
accurately reflect the P-limited condition in the lake. On the
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other hand, corresponding kinetic data were capable of de-
scribing the high P demand in both instances. Seasonal trends
of the measured parameters are more important than their
respective mean values when assessing P availability in a
particular lake. The use of uptake curve types to distinguish
the degree of P demand at specific times enhances the sensi-
tivity of using turnover times alone.
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Eubothrium salvelini (Cestoda: Pseudophyllidea) Impairs Seawater Adaptation of
Migrant Sockeye Salmon Yearlings (Oncorhynchus nerka) from Babine Lake,
British Columbia
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BoYcEg, N. P., AND W. C. CLARKE. 1983. Eubothrium salvelini (Cestoda: Pseudophyllidea)
impairs scawater adaptation of migrant sockeye salmon yearlings ( Oncorhynchus
nerka) from Babine Lake, British Columbia. Can. J. Fish. Aquat. Sci. 40:

Migrant sockeye salmon yearlings ( Oncorhynchus nerka) were captured at the outlet of
Babine Lake, British Columbia, in 1979 and {980 and transported to the laboratory for
evaluation of their seawater adaptability in a 24-h challenge test. Fish infected with the
cestode Eubothrium salvelini had a reduced ability to adapt to salt water, as evidenced by
greater mortality and clevated plasma sodium levels after challenge. The prevalence of
infection. was 60% in 1979 and 30% in 1980. In 1979, mortality during challenge was

significantly higher among infected than among noninfected fish: the elevation of plasma
sodium levels in the infected fish was not statistically significant. In 980, both infected and
noninfected fish had improved seawater adaptability compared with the previous year;
infected fish did not suffer significantly higher mortality after challenge but their plasma
sodium levels were elevated significantly compared with the noninfected tish. The reduced
seawater adaptability of infected fish is likely to reduce their ocean survival considerably.
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