
VLIc. Phytoplankton: Quantitative aspects and
populations

ANDRÉ ILTIS

The first quantitative estimates of Lake Titicaca phytoplankton were made
by Tutin (1940) with sampies obtained in different parts of the lake by the
Percy Sladen expedition in 1937. The numbers of organisms per litre collected
with nets were given for dominant taxa, with the exception of Botryococcus
braunii which existed in large quantities that were difficult to estimate.

In 1977, Richerson et al. provided estimates of biomass expressed as
milligrams carbon per cubic metre during the course of 1973, based on the
number of cells and volumes of each dominant species. Reyssac and Dao
(1977) indicated algal densities as cells per litre, at eight different points
throughout the lake, during the first part of December 1976. Lazzaro (1981)
studied seasonal variations of algal biomass expressed as wet weight, total
chlorophyll and carbon, for different stations in Lago Menor in 1979-1980.
Carney et al. (1987) provided the extreme values of biomass in the Peruvian
part of Lago Mayor for 1981-1982 in terms of wet weight per cubic metre.
Iltis (1988) indicated the distribution of algal biomass in wet weight during
six different periods between March 1985 and February 1987 in both parts
of the Bolivian side of the lake.

Recorded algal biomasses and densities

After partial estimates given by different authors (especially Richerson et al.
1977 in Lago Mayor) for a certain number of dominant taxa, the first values
of total phytoplankton density and biomass in Lago Huifiaimarca were given
by Lazzaro (1981): the extreme values then were 300,000-1,600,000 cells 1- 1

for the whole of Lago Menor, except at Chua, the deepest point of Huifiaim
arca, where the density f1uctuated between 200,000 and 8 millions cells 1- 1

•

The biomass in wet weight thus ranged from 250 to 800 mg m-3 within Lago
Menor. The phytoplankton carbon content varied between 60-180 mg C m- 3

in the former station and 30-90 mg C m -3 in the latter, while chlorophyll
content varied from 0.5 mg chI m-3 in winter to slightly more than 4 mg chi
m- 3 in autumn.
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Later, Richerson et al. (1986) indicated an average chlorophyll concentra
tion of 1.5 mg m-3 for Lago Mayor, and Carney et al. (1987) noted that algal
wet weight during 1981 and 1982 varied between 122 and 1310 mg m-3, with
an average of 511 mg m -3; chlorophyll a varied at the surface between 0.6
5.9 mg m-3, with an average of 2.6 for 22 measurements. Finally, Iltis (1988)
observed, in surfaces waters, wet weights ranging from 28 mg m-3 (close to
the outftow of Tiwanaku river) to 4054 mg m-3 in Lago Menor, with an
average of 1071 for six series of samples taken between 1985 and 1987. In
the Bolivian part of Lago Mayor, values ranged from 3 mg m-3 (close to the
outftow of Suchez river) to 263 mg m-3, with an average of 60.

Biomass composition

Composition by size

The organisms have been classified into four size ranges, according to the
total volume of colonies, coenobia and filaments: smail forms of less than
350 fLm3, medium forms of 350-3500 fLm3, large forms of 3500-10,000 fLm3,
and the largest forms of greater than 10,000 fLm3.

According to observations made on six occasions during 1985-1987 at 28
stations in the Bolivian sector of Lago Menor and 19 in Lago Mayor, forms
smaller than 350 fLm3 are rarely abundant in the surface plankton of Titicaca.
The medium and large forms generally constitute the majority of the popula
tion in Lago Menor at ail stations. In Lago Mayor, these medium and large
forms represent 50-70% of biomass at only certain stations. Organisms of
greater than 10,000 fLm3, which virtually never dominate in Lago Menor,
constituted more than 70% of biomass in almost ail of Lago Mayor from
March 1985 until the middle of 1986.

In conclusion, we note that in 155 samples examined from Lago Menor,
medium forms dominated in 60% of cases, large forms in 26%, small forms
in 8% and the largest forms in 6%. In Lago Mayor, in 107 samples con
sidered, the largest forms dominated in 51 % of cases, large forms in 36%,
medium forms in 12% and small forms in 1% of the total.

Composition by algal groups

The great majority of the phytoplankton biomass is distributed among five
groups: chlorophytes, pyrrhophytes, cyanophytes, diatoms and eugleno
phytes, the last group being the least abundant. The importance of each of
these groups seems to have varied only slightly since the first observations.
In 1937, Tutin (1940) noted a plankton clearly dominated by chlorophytes;
pyrrhophytes were fairly abundant while diatoms and cyanophytes were
relatively rare. In the last group, the author indicated that the genus Nodu-
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Table 1. Average percentages of major algal groups in the Bolivian side of the lake. These
percentages were calculated according to cellular biovolumes rather than number of individuals.

April June December April October February Mean
1985 1985 1985 1986 1986 1987

Lago Menor north % % % 0/0 % % %

Cyanophyceae 1.3 36.3 29.1 61.1 60.5 30.3 36.4
Chlorophyceae 94.8 34.5 33.3 31.4 30.0 63.7 48.0
Pyrrhophyies 3.9 13.5 24.5 6.4 6.9 4.0 9.9
Diatomophyceae 0.0 15.7 12.9 1.1 2.5 2.2 6.0

Lago Menor south

Cyanophyceae 1.3 14.0 9.0 15.6 19.5 11.6 11.8
Chlorophyceae 94.8 63.1 67.0 63.7 45.8 55.2 64.9
Pyrrhophyies 3.9 19.5 20.0 19.8 30.0 31.8 20.8
Diatomophyceae 0.0 3.4 4.0 0.9 4.7 1.3 2.4

Lago Mayor

Cyanophyceae 41.4 30.1 83.2 64.8 20.6 78.3 53.1
Chlorophyceae 57.1 48.4 15.3 30.2 60.1 20.1 38.5
Pyrrhophyies 1.0 2.4 1.3 0.2 11.9 1.6 3.1
Diatomophyceae 0.5 19.4 0.1 4.7 7.2 0.0 5.3

laria was "fairly frequent" but mistakenly stated that blue-greens were totally
absent. Richerson et al. (1977) indicated there were four major groups which
comprised the biomass during 1973: chlorophytes, pyrrhophytes, cyano
phytes, and diatoms. This was confirmed for 1976 also by Reyssac and Dao
(1977). Lazzaro, studying stations in Lago Menor during 1979-1980. founds
that the proportion of chlorophytes was greatest, followed by Dinophyceae
and diatoms, and finally by a relatively low percentage of cyanophytes.

Iltis (1988) indicated the average proportions observed in different parts
of the Bolivian sector of the lake between 1985 and 1987 (Table 1). There
were three major zones: Lago Menor north (16 stations). Lago Menor south
(12 stations) and Lago Mayor (19 stations).

Euglenophytes were found in appreciable quantities in only six samples.
The maximum percent was 4% in Lago Mayor, close to Escoma Bay in
October 1986.

The chlorophytes and cyanophytes were two groups which predominated
alternatively according to seasonal fluctuations of algal biomass in Lago
Mayor and northern Lago Menor. In southern Huinaimarca, chlorophytes
predominated during ail periods studied. Pyrrhophytes were never biomass
dominants; they reached greatest proportions (up to 31.8%) in southern
Lago Menor, principally in zones close to river outflows. Diatoms were
generally present in low proportions. They rarely represented over 10% in
samples except during winter, for example in June 1985 when they reached
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more than 15% in northern Lago Menor and 19% in Lago Mayor. This can
be attributed to the enrichment of silica in the water column through aestival
thermal destratification and mixing. Exceptionally massive and localized
growths of Cyclotella sp. may occur during brief periods, as was observed at
a northeastern station of Lago Menor in December of 1985 (over 53%
diatoms). However. this phenomenon occurred only once during our obser
vations.

Species composition

The first observations on phytoplankton (Tutin, loc. cit.) indicated a predomi
nance of Botryococcus braunii Kützing in association in Lago Mayor with
Dictyosphaerium ehrenbergianum Nageli, Staurastrum paradoxum Meyen,
Ankistrodesmus longissimus (Lemmerm.) Wille, Ulothrix subtilissima Raben
horst and Peridinium sp .. Richerson et al. (1977) noted that the dominants
during 1973 were Lyngbya vacuolifera Skuja, Anabaena sphaerica var. attenu
ata Bharadwaja, Ulothrix subtilissima Rabenhorst, Oocystis borgei Snow,
Mougeotia cf viridis (Kütz.) Wittrock and Stephanodiscus astraea var. minut
ula (Kütz.) Grunow (now identified as Cyclotella andina (Theriot, Carney &
Richerson)). Lazzaro (1981) found the following dominant species in Lago
Menor: Monoraphidium sp., Cosmarium phaseolus Brebisson, Closterium
kuetzingii Brebisson, Mougeotia sp. and Peridinillm sp .. During 1981-1982,
Richerson et al. (1986) listed as dominants Anabaena spiroides Klebahn,
A. affinis Lemmerm., Planctonema lauterbornii Schmidle, Gloeotilopsis
planctonica Iyengar & Philip, Oocystis spp., Staurastrum manfeldtii
Delponte. Cryptomonas ovata Ehrenberg and Cyclotella andina Theriot et
al ..

During 1985-1987, the chlorophytes represented the greatest number of
species among biomass dominants. In a given sample, this group generally
is represented by 7 to 10 species while the other groups are usually repre
sented by only one or two. The following species are most commonly found
in the Bolivian part of the lake: Oocystis sp .. Sphaerocystis schroeteri Chodat,
Dictyosphaerium pulchellllln Wood, BotryococcllS brawzii Kutzing, Chlorhor
midium subtile (Kützing) Fott, MOllgeotia sp., Closteriwn aciculare T. West,
Staurastrum gracile Ralfs. The cyanophycean biomass dominants are Gom
phosphaeria pusilla (Van Goor) Komarek and Nodularia harveyana var.
sphaerocarpa (Bornet & Flahault) Elenkin. Within the pyrrhophytes are
Cryptomonas sp., Gymnodinium sp. and Peridinium willei Huitfeld-Kaas.
Finally, Synedra ulna (Nitzch) Ehr., Fragilaria erotonensis Kitton and es
pecially Cyclotella andina Theriot et al. are the most abundant diatoms.
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Table 2. Average values of the Shannon diversity index during six cruises made in the Bolivian
side of Lake Titicaca.

Samples mean March June December April October February Total

April 1985 1985 1986 1986 1987 mean

1985

Lago Menor north 0.524 2.648 2.628 1.844 1.710 1.774 1.855

Lago Menor south 1.437 2.233 2.003 2.261 2.177 2.291 2.067

Lago Mayor 1.707 2.142 0.815 1.523 2.524 1.122 1.639

Species Diversity

The first data on species diversity estimated for 1973 using the Shannon index
(Richerson et al., 1977) varied during the course of the year between 2-3.5
bits for biovolumes and 1.2-3.7 bits for cell numbers. Diversity was relatively
high and stable during autumn and winter (April to November), and declined
during the summer (December to March). During 1979-1980 the diversity
index varied between 1.5-3.5 bits per cell in two stations of Lago Menor
(Lazzaro, 1981); there was one peak in March, and another from October
to December.

During 1985-1987 in Lago Menor the minimum observed was 0.251 bits
per mg in April 1985, while the maximum was 3.075 bits in December 1985.
In Lago Mayor, the minimum was 0.222 bits in December 1985 and the
maximum was 3.094 bits in October 1986. Combining ail the measurements
made (Table 2), one can observe that the phytoplankton of Lago Mayor was
less diverse than that of Lago Menor, except during March-April 1985. and
February of 1987. The present state of knowledge on species diversity and
its fluctuations does not allow us to determine whether cyclical changes oecur
in the algal biocenosis of the lake.

General distribution of phytoplankton

Vertical distribution

The first studies made by Tutin (1940) indicated a homogeneous composition
of the plankton from the surface to 50 metres depth. Later, Richerson et al.
(1977) provided information on the distribution of phytoplankton biomass
expressed as milligrams of carbon during 1973 in Lago Mayor. The phyto
plankton zone, much deeper than the theoretical euphotic zone, reached 100
metres depth, principally during the periods of mixing.

Lazzaro (1981) presented a number of 25 metres profiles which show the
vertical distribution of phytoplankton biomass expressed as carbon at the
deepest point of Lago Menor. During the stratified period (February-March)
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the major part of the biomass was concentrated in the upper fifteen metres.
As temperatures declined in May there was greater mixing of the water
column and high biomass levels (greater than 150 mg C m -3) occurred at
depths down to 20 m. The low winter biomass levels are characterized by
relatively rectilinear profiles.

In 1988, profiles of wet weight biomass were made at two stations of Lago
Menor (Station 12: Sukuta, and Station 5: Chua) and two in Lago Mayor
(close to the Island of the Moon and offshore of the Island of the Sun),
during mixing (July 1988) and during stratification (December 1988).

Observed algal biomasses are presented graphically in Fig. 1. Distributions
appear relatively uniform throughout the water column at ail the shallow
stations. Such is the case for the shallowest station studied (6 m depth),
which is probably representative of the entire Lago Menor at depths less
than 20 metres. In the Chua depression, the only point in Lago Menor where
the bottom reaches 40 metres, the phytoplankton declines sharply between
22 and 30 metres during stratification (December). Within 4 to 5 metres, the
algal biomass volume declines fivefold. In July, phytoplankton is distributed
throughout ail the water column.

In Lago Mayor, the vertical profile of biomass distribution is different.
During stratification, the biomass maximum is located between 5-8 metres;
during mixing the maximum appears between 12-18 metres at the station
close to Island of the Sun, while it is only at 1-2 metres near the Island of
the Moon. As demonstrated by Vincent et al. (1984). the form of the distribu
tion curve of biomass in the epilimnion is a function of the mixing within
this surface zone; the sampling near the Island of the Moon was during a
very calm period. while the three other profiles were sampled during higher
winds and waves. The phenomenon of surface inhibition thus appears in four
cases in Lago Mayor, but more or less modified by surface mixing. Thus, in
a series of samples taken during February 1987 throughout the Bolivian part
of the lake both at the surface and at four metres depth, there was an average
increase in biomass at 4 m of 11.6% for 28 Lago Menor stations, and of
21.8% for 19 Lago Mayor stations. The thermocline at 20-30 metres was
not marked by a decline in the algal biomass, in contrast to the deepest zone
of Lago Menor; there was even an important localized growth of pyrrho
phytes at about 30 m at the station next to Island of the Moon in December.
High algal populations do seem to extend more deeply during the mixing
period than during thermal stratification.

The depth of the phytoplankton zone is of the order of 5 to 5.5 times that
of the Secchi depth measured at the same point. Therefore, it appears that
the sharp decline of phytoplankton biomass at the deepest part of Lago
Menor between 22 and 30 metres, corresponds to the lower limit of the real
euphotic zone. Consequently, the disappearance of algae below this depth
is due more to the lack of light ("self-shading effect") than to the presence
of the thermocline (which in Lago Mayor is not marked by a decline in
biomass).
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Figure 1. Vertical algal biomass distribution in Lago Menor (Ief!) and in Lago Mayor (right). 1: shallow zone of Lago Menor, 2: Chua Depression, 3:
Lago Mayor close to Island of Moon, 4: close to Island of Sun; A: during mixing (13-15 July 1988), B: during stratification (14-16 December 1988). To
the right of each profile is the Secchi depth reading (except the first station, where it was not possible). Dashes-cyanophytes; black-pyrrhophytes; white-
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Figure 2. Grouping of stations at the Bolivian part of the lake according to cluster analysis
(index of similarity indicated at top). To the left dry season (June 1985). A: northern Lago
MenoL B: southern Lago Menor, C: Lago Mayor. Stations 26 and 27 are located close to the
outflow of Tiwanaku river. To the right rainy season (February 1987), A: northern Lago Menor.
C: Lago Mayor. In addition. four stations of Guaqui Bay (22, 24, 25. 28) in southern Lago
Menor appear relatively similar.

Horizontal distribution

This has been studied only in the Bolivian part of the lake. Phytoplankton
populations inventoried at 28 stations of Lago Menor and 19 stations of Lago
Mayor were compared with each other to determine the affinities between
stations. Two periods were chosen: June 1985 and February 1987, as periods
representative of southern hemisphere winter and summer, respectively.
Correlations were calculated between samples with the help of a distance
matrix in order to group stations with the same types of populations and
delimit zones where the plankton was relatively homogeneous (Fig. 2).

In June 1985, three stations appeared unrelated to the other populations
of the Bolivian part of the lake; they were stations 26 and 27 located at the
outflow of Tiwanaku river and station 46 in Lago Mayor where at this period
there was a very important and localized growth of Botryococcus. The rest
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of the other stations divided into two groups: the Lago Mayor stations with
relatively high correlation values (stations 30 to 52), and the Lago Menor
stations (stations 1 to 25, and 28). The latter clearly subdivided into two
associations. The first (stations 1 to 15) included aIl of northern Lago Menor
and the central stations 14, 15 and 19. The second consisted of the stations
of southern Lago Menor (with the exception of the Tiwanaku river outflow)
and the stations in the extreme southeast (17, 18 and 20); station 10 in the
north was also placed anomalously in this group.

In February 1987, stations within Lago Mayor were relatively similar
(stations 30 to 52) with the exception of stations 41 and 50. Ten stations of
northern Lago Menor had strong affinities, but the points in the extreme
southeast (2, 10, 11 and 12) were not included in this group. The other
stations of Lago Menor (central, southern and southeast limit) did not group
weIl. Stations 22, 24, 25 and 28 of Guaqui Bay were the only ones which
appear to have high similarities. The algal populations in these central and
southeastern parts of Lago Menor are thus quite heterogeneous during the
rainy season; the outflows of the rivers Tiwanaku, Catari, Keka, and Batalla
Chica entering this zone, where the depth varies between tens of centimeters
to ten metres, inhibit the formation of stable and homogeneous populations
here, while they have much less effect on the phytoplankton in deeper zones.

Using the affinities of algal communities, it is possible to divide the Boliv
ian part of the lake into three major ecological zones (Fig. 3). The first is
the northern part of Lago Menor, delimited approximately by stations 1 to
15, with the exception of station 7 close to the Tiquina strait and station 13
close to the outflow of Catari river. Phytoplankton populations here are
characterized by relatively high biomasses; it is here that the highest densities
per unit volume are observed. The dominant groups are either chlorophytes
(April and December of 1985, February of 1987) or cyanophytes (June 1985,
April and October of 1986). The percentage of diatoms is generally low, but
can reach an average for ail stations of 15.7% in June 1985 and 12.9% in
December of the same year. The proportions of pyrrhophytes are generally
4-7%; they can reach an average of 13.5% (June 1985) or even 24.5%
(December 1985) for ail stations.

The second zone consists of the central and southern parts of Lago Menor
(statio,ns 19 to 28), with the exception of stations 26 and 27 near the outflow
of Tiwanaku river. Biomass levels are somewhat lower than in the first zone.
Chlorophytes still dominate, followed by cyanophytes and pyrrhophytes; the
diatoms are always relatively low (on average 4-5 % for ail stations). During
the rainy season this zone has a particularly heterogeneous phytoplankton.

Finally, the third zone consists of the entire Bolivian part of Lago Mayor
with the exception of the mouth of the Suchez river. Here biomass levels
are much lower (12 to 135 mg m - 3 on average) than in the other two zones.
Chlorophytes dominated during April and June 1985, and October 1986.
Cyanophytes dominated December 1985, April 1986 and February 1987 (the
summer stratified season). Pyrrhophytes were always quite low (1-3% on
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Figure 3. Ecological zonation of the Bolivian part of Lake Titicaca according to phytoplankton.
A: northern Lago Menor. B: southern Lago Menor. C: Lago Mayor. In dots. the transition
region between the two major basins; verticallines. perideltaic regions; in white along the shore.
border zones.

average). exeept in Oetober 1986 when the average pereentage of this group
was 12%. Diatoms beeome important only when the thermocline disappears
and the water eolumn mixes (on average 19.4 % during June 1985).

To these three major zones should be added mueh smaller areas with
partieular eharaeteristies that are located in the aforementioned zones. These
areas include:
- A region of transition between Lago Menor and Lago Mayor located in
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the vicinity of Tiquina Strait. Aigai biomass levels are intermediate between
the two basins this region joins.
- Perideltaic regions of southeastern shores of Lago Menor where there are
outflows of several rivers (Batallas, Keka, Catari, Tiwanaku), and in Lago
Mayor at the mouth of Suchez river. Generally in these regions there is less
phytoplankton than in neighbouring areas during the growth season, but
during the dry season a richer plankton. The proportions of the principal
algal groups are different, with the proportion of pyrrhophytes generally
higher than in adjacent zones (this group may even dominate at certain
times).
- The coastal wetlands, primarily of Totora, that occupy extensive surface
areas of Lago Menor, and certain bays of Lago Mayor. The plankton, and
especially the periphyton, are still little known and particularly need study.

Seasonal variations

ln principle, in tropical waters where the depth is sufficient for thermal
stratification, and where there is sufficient volume so that the effect of
inflowing rivers is relatively low during the wet season, seasonal variations
are much less marked than in temperate zones, the solar insolation being
relatively constant throughout the year. Richerson et al. (1986) provide an
analysis of these different types of variations and propose the term "almost
seasonal" to indicate fluctuations which are not in rhythm with the annual
cycle, in contrast to variations tightly coupled to wet and dry seasons as in
Lake Chad (Carmouze et al. 1983), or to seasonal temperature and light
cycles as in temperate lakes.

ln Lake Titicaca it is advisable to distinguish Lago Menor and Lago
Mayor. The former is characterized by shallow depth, absence of a thermoc
line, presence of abundant emergent macrophytes. reduced transparency,
and greater amplitude in the thermal gradient and in the variation of dis
solved salts (Iltis, 1987). Lazzaro (1981) noted phytoplankton maxima during
April-May in 1979 and, to a lesser extent, in November-December, with
winter (July to September) having lower values (Fig. 4). According to obser
vations made the following years (lltis, 1988), clear maxima appeared at the
beginning of April 1985 and in February 1987, in agreement with previous
observations. However, April of 1986 was characterized by quite low algal
biomass which was probably related to the unusually high lake level of that
year.

ln Lago Mayor, for which there are fewer data, there is in the Bolivian
part a maximum due to diatom growth (up to 41 % of total cellular biomass
in one central station) during the disappearance of the thermocline (June).
This phenomenon has been attributed to "a sharp increase in the level of
dissolved silica coming from the bottom when thermal stratification disap
pears" (Carmouze et al., 1984). Median biomass is then 2.5-12 times higher
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Figure 4. Total phytoplankton biomass. divided according to major classes. at a depth of
5 metres at Chua of Lago Menor. Din-Dinophyceae: Chl-chlorophytes; Dia-diatoms; Cya
cyanophytes (Lazzaro. 1981).

than in other parts of the year except December. A second less marked
maximum appears during this month due to growth of cyanophytes, Gompho
sphaeria pusilla in particular, (up to 97% of cellular biomass in a central
station) during the period of maximum solar insolation and stratification,

What stands out from these fragmentary observations is that the phyto
plankton of relatively shallow regions (Puno Bay, Lago Menar) have differ
ent temporal patterns from those of Lago Mayor. For example, the winter
period is a biomass minimum in Lago Menor, but a maximum in Lago
Mayor. At this point, long-term studies which can de termine seasonality and
interannual variability are still lacking, These will be needed to test the
hypothesis of Richerson et al, (1977, 1986) that interannual variability here
is greater than seasonal variability.

Conclusions

The following remarks can be made on the features of the phytoplankton as
they are now known:
- The composition of phytoplankton is characterized by the predominance
of chlorophytes and cyanophytes during the late 1980s. The increasing per
centage of the latter group since the first observations made at this point
should be underlined. Tutin (1940) noted an absence of this group in samples
collected during 1937, Lazzaro (1981) encountered only very low proportions
in Lago Menor during 1979-80, with the chlorophytes as clear dominants
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and the pyrrhophytes as the second most important group. By contrast,
during six series of observations of 1985 to 1987, cyanophytes dominated or
codominated in Lago Mayor and the entire northern haU of Huifiaimarca.
Thus observations in the future should determine whether this cyanophyte
increase is part of normal phytoplankton fluctuations, or whether it marks
the beginning of eutrophication which could extend to the entire lake.
- A clear seasonal cycle cannot be found. It is probable that the seasonality
varies in amplitude and modality for the different ecological zones which
have been considered.
- Light appears to be the principal factor which controls the vertical distribu
tion of phytoplankton, though the role of nutrients, and particularly nitrogen,
should not be omitted (Wurtsbaugh et al. 1985). The phenomenon of surface
inhibition, caused by elevated solar radiation due to the altitude and tropical
location, appears quite clear. In Lago Mayor, algal populations are present
to depths of 80-100 metres, or about 5-6 times the Secchi depth. The
influence of the thermocline appears relatively weak due to the small shift
within it (2-3°C) and its limited duration in the annual cycle. This conforms
with the conclusions on primary production of Brylinski and Mann (1973) that
light has a greater effect on primary production than nutrient distributions in
relation to the presence of the thermocline.
- The analysis of horizontal phytoplankton distributions, according to infor
mation for the Bolivian side of the lake, indicates the differences between
Lago Menor and Lago Mayor and, by analogy, between the large shallow
bays and the main basin. While the species present in these environments
are the same, the biomass levels and proportions of the major groups are
quite different. For example, biomass levels during 1985-1987 were 5 to 36
times higher in Lago Menor than in Lago Mayor; the minimum difference
was observed in June 1985 during which a maximum in Lago Mayor and a
minimum in Lago Menor coincided. Pyrrhophytes generally have a higher
percentage in the latter. Analysis of algal populations also indicate a greater
heterogeneity, both qualitative and quantitative, in shallow regions. It is
probable that in Lago Menor and in shallow bays, the proximity to the
bottom and the permanent instability of the heat structure favour circulation
of mineralized organic matter near the bottom and localized growths of algae
there (Lazzaro, loc. cit.), more especially as light is available throughout ail
the water column due to the shallow depth. Finally, the influence of river
outflows is much less buffered in these areas.

According to the results in Lago Menor (Lazzaro, loc. cit.) and in Lago
Mayor (Richerson et al., 1977), and the classification of Rodhe (1960) based
on annual primary production per surface area, Lago Menor can be classified
as oligotrophic while Lago Mayor can be considered moderately eutrophie.
However, this classification based on primary production has been criticized
and judged inadequate in certain cases. Vollenweider (1968) proposed, fol
lowed by others including Munawar and Munawar (1976, 1982), using the
level of biomass to compare lakes or parts of lakes. According to their
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scheme for trophic states, Lago Mayor can be classified as ultraoligotrophic
and Lago Menor as mesotrophic. This second classification, with opposite
results to the first, seems more correct, especially considering in addition
that the biomass and production of periphyton, phytobenthos and macro
phytes which are particularly abundant in Lago Menor yet almost absent or
limited to a very narrow shoreline zone of Lago Mayor, were not taken into
account. Thus, a more comprehensive estimation of biomass and productivity
which includes aIl these elements would probably indicate that productivity
in Lago Menor is substantially higher than in Lago Mayor and thus in
the eutrophie range. Given our present level of knowledge, this remains a
hypothesis proposed by Lazzaro (loc. cit.) which will have to be confirmed
by future studies.
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