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Protozoan abundances in the plankton of two tropical

lakes

By WiLLiam M. Lews, Jr.

With 2 figures and 1 table in the text

Abstract

Quantitative counts were made of protozoans in the euphotic zone of Lake Va-
lencia, Venezuela, over a two-year interval and in Lake Lanao, Philippines, over a one-
year interval. In Lake Lanao, the annual average abundance of protozoans was 1900 indi-
viduals per cc, corresponding to 260,000 g*/cc. Over 75 % of individuals and of biomass
was accounted for by very small flagellates. Large flagellates, ciliates, and amoeboid
forms accounted for the remainder of the protozoans in Lake Lanao. In Lake Valencia,
the average protozoan abundance was 350 individuals per cc, corresponding to
109,000 43/ cc. Ciliates and amoeboid forms dominated in Lake Valencia. Comparison of
protozoan biomass with the known phytoplankton turnover rates in the two lakes in-
dicates that protozoans cannot be an important source of phytoplankton mortality.
Protozoans may have important effects on bacterial populations in Lake Lanao, but
these effects seem less likely in Lake Valencia.

Introduction

A number of authors have recently pointed out that protozoans have been
inadequately studied by comparison with other planktonic organisms (e. g.,
HuTtcHinsoN 1967; CANTER & Lunp 1968; PORTER et al. 1979; Pace & OrcuTtt
1981; Beaver & CrisMaN 1982). Both zooplankton specialists and phytoplank-
ton specialists have consistently considered protozoans to be outside their
fields of interest. Furthermore, the zooplankton specialists, who would most
logically study these small heterotrophs, typically rely on net samples and,
since protozoans pass through nets, have thus not been able to quantify pro-
tozoan abundances. Phytoplankton samples are quantitatively suitable for pro-
tozoan counting, but phytoplankton specialists typically only deal with the
autotrophs and thus typically do not record the microheterotrophs. The result
is that the literature gives a very poor idea of the overall quantitative im-
portance of protozoans in various kinds of lakes.

Although the general data base on protozoan abundances in plankton en-
vironments is poor, a number of recent studies have included quantitative
treatments of protozoans. For example, the comprehensive temperate-zone
studies by Nauwerck (1963), RiGLer et al. (1974), and Pace & Orcurr (1981)
provide quantitative information on protozoan abundances in selected lakes.
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Beavir & CrisMaN (1982), in one of the most comprehensive quantitative
studies to date, provide information on protozoan abundances on an annual
basis in 20 different Florida lakes. Hecky & KrinG (1981) have published quan-
titative estimates of protozoan abundances in Lake Tanganyika. The purpose
of the present work is to contribute to this small but growing list of recent
quantitative estimates of protozoan abundances. Data reported here are for
Lake Lanao, Philippines, and Lake Valencia, Venezuela.

Study site and methods

Lake Lanao is located at 8°N in the southern Philippines. The general
properties of the lake are given by Lewis (1979) and the references cited the-
rein. The lake is warm monomictic; it has a predictable mixing season be-
ginning in December and lasting through March. Over the rest of the year, the
lake is stratified, although the thickness of the upper mixed layer varies much
more than it would in a temperate lake. The lake is highly productive (Lewis
1974). Annual average standing stock of phytoplankton is about 1.6 x 108 u*/cc
in the euphotic zone (Lewis 1978). The zooplankton community contains sig-
nificant numbers of calanoid copepods, cyclopoid copepods, cladocerans, and
rotifers. In the early part of the mixing season, phytoplankton biomass and
productivity are suppressed by light deprivation caused by deep mixing.
During the stratification season, phytoplankton biomass can be depressed by
nutrient deprivation. Phytoplankton biomass is divided among the blue-greens
and diatoms as dominants and secondarily among the greens, cryptophytes,
and dinoflagellates.

Lake Valencia, which is located at 10° N latitude near the Caribbean Sea in
Venezuela, is also a warm monomictic lake (LEwis 1983). The mixing season
for Lake Valencia falls between December and February or March; the lake is
stratified the rest of the year. In Lake Valencia, phytoplankton and zooplank-
ton biomass are not always depressed by seasonal mixing, as in Lake Lanao. Be-
cause of artificial enrichment, Lake Valencia supports a higher average phyto-
plankton standing stock than Lake Lanao (a mean of 19x 10%um*/cc for
1977—78: Lewis 1985). Blue-green algae dominate the phytoplankton biomass
in Lake Valencia, although occasionally diatoms and selected other taxa make a
quantitatively significant appearance. The zooplankton composition is similar
to that of Lake Lanao.

The data to be presented here for Lake Lanao were taken between July 1970 and
July 1971. The data for Lake Valencia are based on the interval January 1977 through
December 1978. For both lakes, the samples were taken at weekly intervals. For Lake
Lanao, an integrated sample was taken of the upper 15m by means of a tube. The
samples were preserved in the field with Lugol’s solution and counted quantitatively at
high magnification by the inverted microscope method (UtermM6HL 1958). Replicate
counts were made of samples from two separate stations. Studies of both the phyto-
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plankton and the zooplankton have shown that between-station variation is minor by
comparison with temporal variation (Lewis 1979), so only the mean protozoan
abundances from all replicates at the two stations will be presented here. Since high mag-
nification was used (1400x), even the smallest flagellates could be counted quantita-
tively.

Lake Valencia samples were also collected in replicate at a midlake station. Inte-
grated samples over 5-meter increments of the water column were taken from the top of
the lake to the bottom. In order to make the numbers comparable to those presented for
Lake Lanao, the average counts for the upper 15 meters are reported here.

No attempt was made to identify the protozoans in Lake Lanao or in Lake Va-
lencia. However, the organisms were placed into categories as they were counted (fla-
gellates, ciliates, amoeboid).

Results

Table 1 summarizes the mean abundances of protozoans in Lake Lanao
and Lake Valencia. In Lake Lanao, the most abundant protozoans were of the
small flagellate category. Many of these had a body length in the vicinity of
5um and were similar in appearance to the genus Bodo. Large flagellates were
also present; these had body lengths in the vicinity of 20 um. Ciliates and
amoeboid forms, whose longest dimension was typically in the vicinity of
20 um, were even less abundant.

In Lake Valencia, the small flagellates were not nearly so important as they
were in Lake Lanao. Large flagellates were also present in minor amounts. Ci-
liates were the most abundant, particularly in terms of biomass. Amoeboid
forms were steadily abundant and, although less important than the ciliates, ac-
counted for a significant proportion of total individuals.

Table 1. Average standing stock of protozans in Lake Lanao (1970—71) and Lake Valen-
cia (1977 -78).

Number Volume
indiv. um3/cc %
per cc %

Lake Lanao
Small Flagellates 1763 92 212,000 81
Large Flagellates 120 6 40,000 15
Ciliates & Amoeboid Forms 28 2 9,000 4
Total Protozoa 1912 100 261,000 100
Lake Valencia
Small Flagellates 18 5 2,000 2
Large Flagellates 4 1 2,000 2
Ciliates 218 62 98,000 90
Amoeboid Forms 111 32 7,000 6

Total Protozoa 351 100 109,000 100
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Fig. 1. Abundance patterns of protozoans in the euphotic zone of Lake Lanao and Lake
Valencia.

Contrary to intuition, the protozoan standing stock of Lake Lanao was
considerably greater than that of Lake Valencia, despite the much higher stand-
ing stock of algae in Lake Valencia.

Fig. 1 shows the variations in total numbers of individuals in both Lake
Lanao and Lake Valencia. Regular patterns of abundance are not really evident
in either of the lakes. In Lake Lanao, protozoan abundance was suppressed in
the period of most intense mixing, as were phytoplankton and zooplankton
abundances. However, major variations in abundance also occurred during the
stratification season. There is no obvious explanation for the low abundance of
protozoans in Lake Valencia for the first half of 1977. Ciliates appeared in
greater numbers after June of 1977, which is a proximate explanation for the
change, but the reason for the increase in ciliate abundance is unknown. In nei-
ther lake did the protozoan abundance show a clear correlation to phytoplank-
ton biomass or phytoplankton composition.
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Discussion

Protozoans can be important in the plankton in at least two ways: (1) they
may consume significant quantities of phytoplankton, or (2) they may con-
sume significant quantities of bacteria and thus constitute a link between the
bacteria and the macrozooplankton (PorTEr et al. 1979).

In general, it appears that protozoans are only likely to have a quantitative
effect on phytoplankton mortality in oligotrophic lakes. The studies by
RicLER et al. (1974) of Char Lake and Hecky & KrinG (1981) of Lake Tanganyi-
ka both show surprisingly high proportions of total heterotroph biomass in
the protozoan category. Any tendency toward herbivory among the pro-
tozoans of these lakes could thus directly affect phytoplankton populations.
On the other hand, protozoan populations in more productive lakes, although
probably higher in absolute terms than those in oligotrophic lakes, seem less
likely to be important in relation to other sources of mortality (e.g., Nau-
WERCK 1963; BEavER & Crisman 1982).

The data on Lakes Lanao and Valencia reinforce the impression that pro-
tozoans are not likely to be important sources of phytoplankton mortality in
productive lakes. Exact calculations are very difficult to make because the feed-
ing habits of the protozoans are unknown. In all likelihood, the smaller size
classes are bacterial feeders (FENCHEL 1980). Some taxa of larger protozoans
may feed steadily on phytoplankton, however. In both Lake Lanao and Lake
Valencia, direct evidence of phytoplankton feeding, which would have been
evident at high magnification for taxa feeding steadily on phytoplankton, was

:l 10 um 10 um

Fig. 2. Evidence of predation on diatoms by amoeboid protozoans as seen through the
light microscope.
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only seen in the amoeboid forms. In both Lake Valencia and Lake Lanao,
amoeboid forms consumed diatoms even in instances where the size of the pro-
tozoan was considerably less than that of its food (Fig. 2). In neither lake, how-
ever, was there evidence that more than a few percent per day of the diatoms
were ever consumed by protozoans.

An upper bound for the significance of phytoplankton feeding can be ob-
tained by some approximations. FENCHEL (1980) estimates that the larger pro-
tozoans, which are most likely to feed on phytoplankton, have a ration of 10
to 30% per hour, or roughly 5 times body weight per day. Applying this
ration to the large flagellates, ciliates, and amoeboid forms in Lake Lanao, one
would estimate the upper bound of average phytoplankton consumption to be
roughly 250,000 u3/cc/day, or about 15% per day of the average phytoplank-
ton standing stock. This allowance is almost certainly too liberal insofar as it
assumes that the large protozoans are entirely herbivorous, whereas there is
every reason to suspect that bacteria and detritus make up a large proportion
of their foods. Even so, given the rapid turnover of phytoplankton biomass in
Lake Lanao, protozoans would not be the major cause of mortality.

A similar calculation applied to Lake Valencia produces qualitatively si-
milar results. The standing stock of large protozoans in Lake Valencia is about
double that seen in Lake Lanao. However, the phytoplankton standing stock
is considerably higher, so the potential phytoplankton consumption is only a
few percent of the average standing stock per day.

In light of the apparently low ratio of protozoan food consumption to
phytoplankton turnover in these two lakes, protozoans may actually the more
important in relation to bacteria and detritus than in relation to phytoplank-
ton. With respect to bacteria, even approximate calculations are impossible be-
cause of the great uncertainties surrounding bacterial biomass turnover. In
Lake Valencia, where the bacterial populations may exceed 10° cells per cc ac-
cording to counts made by epifluorescence microscopy, the relatively low
standing stocks of protozoans seem unlikely to be very influential. In Lake
Lanao, which has substantial populations of very small heterotrophic fla-
gellates, the situation may be different.
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Zusammenfassung

Quantitative Zihlungen der Protozonen wurden zwei Jahre lang im Valenciasee,
Venezuela, und eine Jahresperiode im Lanaosee, Philippinen durchgefiihrt. Im Lanaosee
betrug die jihrliche Protozoen-Durchschnittsmenge 1900 Einzelzellen pro cc, oder
260000 p3/cc. Uber 75% der Einzelzellen und der Biomasse bestand aus sehr kleinen
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Flagellaten. Grofie Flagellaten, Ciliaten und Amébenformen stellen den Rest der Lanao-
see-Protozoen dar. Im Valenciasee betrug die jihrliche Protozoendurchschnittsmenge
350 Einzelzellen pro cc oder 109000 y3/cc. Im Valenciasee waren Ciliaten und Amé&ben-
formen tiberwiegend. Ein Vergleich der Protozoenbiomasse mit den bekannten Erneue-
rungsraten von Phytoplankton in den zwei Seen deutet darauf hin, daf} Protozoen keine
wichtige Ursache der Phytoplankton-Sterblichkeit darstellen kénnen. Es mag sein, dafl
Protozoen die Bakterienpopulationen im Lanaosee betrichtlich beeinflussen. Im Valen-
ciasee scheint das aber weniger wahrscheinlich.
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