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CHAPTER SIX

PHYTOPLANKTON SEASONALITY

6.1 SEASONAL ANALYSES OF THE PHYTOPLANKTON COMMUNITIES OF THE NINE
STUDY LAKES

Phycologists have advanced many explanations for the complex

phenomenon of phytoplankton periodicity. The literature is extensive,
and includes many reviews (e.g., Lund, 1965; Round, 1971; Fogg, 1975;
Porter, 1977; Smayda, 1980). Much of the early material is
descriptive, but recent work by Reynolds (1976, 1980, 1982, 1984a, b),
Lewis—(1978c, d; 1986), Sommer, 1985; Sommer et al., 1986) and Stewart
& Wetzel (1986) has demonstrated that, despite complex interactions
between many regulators of periodicity, valid generalisations can be
made upon which hypotheses may be formulated and experimentally
tested.

‘Phytoplankton succession’ and ’'seasonal periodicity’ are
frequently used synonomously (e.g., Guillard & Kilham, 1977; Smayda,
1980; Sommer et al., 1986; Stewart & Wetzel, 1986). In its broadest
sense, succession refers to a sequence of plant (or animal)
communities in time. The term evolved in terrestrial ecology, with the
floral studies of Clements (e.g., 1916, 1928, 1936) providing the
basis for its acceptance. To Clements, successions were life histories
of superorganisms, and consequently were both unidirectional and
predictable. These early studies focused on species sequences, whereas
more recent investigations have included analyses of changes in
productivity, diversity, and niche breadth with time (see Odum, 1969).
However, another interpretation of succession, which although
generally attributed to Gleason (1926), has only recently been
emphasised, views succession in the context of adaptations of
individual species which are independent of any transcendant
properties of the community as a whole (Connell, 1972; Colinvaux,
1973; Drury & Nisbet, 1973; Horn, 1974; Grime, 1977). In these terms,
succession is a consequence of differential growth, reproductive and
survival abilities, and therefore cannot necessarily be considered
unidirectional.

The use of terrestrial succession as a model for phytoplankton
periodicity has serious limitations (Smayda, 1980), and strong

arguments have been advanced that succession is too narrow a term to
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be appropriate for all types of periodicity (Reynolds 1980, 1982,
1984a, b). Instead, Reynolds considers temporal variations in
phytoplankton composition and abundance to be of three sequential
types: autogenic successions, which occur during periods of well-
developed stratification and therefore are characterised by species-
induced changes; reversions, which repeat earlier stages following
brief, erratic disturbances of the water column; and shifts or
allogenic changes, which result from long-term, sustained holomictic
periods.

Phytoplankton periodicity is of fundamental importance to a lake’s
trophic organisation and thus, for a considerable period of time,
seasonal dynamics have been the focus of numerous investigations.
However, although phytoplankton seasonality can be examined with
respect to either patterns of total biomass, taxonomic class, or
individual species (Kalff & Knoechel, 1978), comprehensive
investigations addressing all three areas are rare. Population
dynamics and autecology of individual phytoplankters frequently
receive the least attention, despite Gleason's views with regard to
terrestrial ecology, and the conclusions of some phycologists (e.g.,
Lehman & Sandgren, 1985; p. 45) that ’'understanding the dynamics of
the plankton requires attention to the biological entities
themselves’.

Furthermore, classical aspects of mixing, stratification and
phytoplankton cyclic fluctuations described largely from dimictic
Northern Hemisphere lakes, do not necessarily characterise either
lakes in areas such as New Zealand which have oceanic climatic regimes
(Chapter 3), or relatively shallow lakes.

In New Zealand, seasonal community dynamics are poorly understood
because of the use of inappropriate sampling intervals and/or
techniques, and the absence until recently of long-term sets of
quantitative data (Chapter 1.1). However, from the small amount of
data available, it appears that only a few genera (Anabaena, Melosira
= Aulacosira, Cyclotella, Synedra = Fragilaria and Dinobryon seem to
be of keyv importance (Viner & White, 1987). Also, none has been
reported to show markedly pronounced seasonality.

Anabaena spp. may be found throughout most of the year, including
winter (Pridmore & Etheredge, in press) (Appendix XI). A. flos-aquae
increased in abundance during autumn in Lake Hayes (Burns & Mitchell,

1974) when the lake was holomictic (concentration approximately 560
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cells ml1™'), and it bloomed in Lake Tarawera in winter (August 1983)
(unpublished data). Also, A. oscillarioides has been dominant in Lake
Rotongaio throughout the coldest months (April-September, 1975),
comprising at least 90% of the total phytoplankton community (Forsyth
et al., 1983). Melosira spp. are also relatively unselective, although
generally are more common in winter (Viner & White, 1987). Conversely,
Dinobryon spp., Cyclotella spp., and Synedra spp., peak at various
times of the year, but more frequently in winter.

This chapter details the seasonal periodicity of both total
phytoplankton numbers and biomass, and the major species, for each
study lake, and compares temporal patterns with varying mixing regimes

and phytoplankton strategies.

6.1.1 LAKE KAINUI
6.1.1.1 Temporal Variations in Total Phytoplankton Density and

Biomass

Total phytoplankton density varied considerably, ranging from 3234
to 21,141 pu ml"; the mean density, the highest of the nine study
lakes (Table 7/0), was 11,640 pu ml™! (n = 20). Densities were low
during winter 1983, generally increased throughout spring and summer,
and reached their maximum in autumn 1984 (Fig. 6/0).

Total biomass (Fig. 6/1) also fluctuated irregularly, ranging from
1.2 to 16.8 g m® (mean 7.9 g m® [n = 20]). It was relatively low
during winter and spring, but increased rapidly throughout early
summer (12.8 g m® [10.12.84]). After a decline in January, it
increased again during late summer and autumn 1984. The maximum
biomass (16.8 g m®) was recorded in autumn (16.4.84), and levels then
steadily declined before a further upsurge in mid-winter (12.7 g m?

[28.7.84]).

6.1.1.2 Temporal Variations in the Composition of the Total

Phyvtoplankton Standing Crop

Only two classes, the Zygophyceae and the Euchlorophyceae, were
numerically important (Fig. 6/0). The Zygophyceae was dominant
throughout the entire year, except for a brief period in early summer,
when it was temporarily replaced by the Euchlorophyceae (74%).

Excluding this early summer sample, the zygophycean proportion of the
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mean total density ranged from 64 to 99% (mean 91% [n = 191]).

With three exceptions, the Zygophyceae also dominated the biomass
throughout the entire sampling programme (Fig. 6/1). Its proportions
ranged from 36 (29.10.83) to 99% (18.3.84), and it accounted for > 65%
of the total biomass on 17 of the 20 sampling occasions (85%). Low
zygophyte biomass coincided with euchlorophyte biomass peaks in late
winter-early spring (3.8.83 and 1.10.83), early summer (29.10.83,
12.11.83, and 26.11.83), and mid-summer (7.1.84); at no other time did
the Euchlorophyceae account for > 10% of the total biomass.

Despite the minor roles played by the other nine classes, two
points are noteworthy. First, peaks of cryptophyte biomass followed
periods of increased total biomass (29.10.83 and 12.11.83; 21.1.84;
28.5.84); secondly, diatom maxima occurred erratically throughout the

sampling year (Fig. 6/1).

6.1.1.3 Temporal Variations in Phytoplankton Species Diversity

Species continuity was generally low (Table 6/0), with the number
of species per sample ranging from 7 to 43 (mean 21 * 11 [n = 201]).
The Shannon-Wiener index ranged from 0.5 to 2.9 (mean 1.3 * 0.6), and
low indices coincided with both low species numbers and periods of
peak phytoplankton abundance (Fig. 6/0).

The mean number of zygophyte species found per sample (7) (Table
6/1) was greater than that of the Euchlorophyceae (6), despite major
differences in their total numbers (19 and 33 species, respectively).
Although the numbers of diatoms (18), cyanophytes (17) and
euglenophytes (18), were similar to the Zygophyceae, in each instance

their mean frequency of occurrence was markedly lower.

6.1.1.4. Percentage Similarity of the Phytoplankton Communities

The percentage similarity of consecutive communities ranged from
18 to 97% (Table 6/2), the highest being recorded in mid-summer
(18.2.84/27.2.84). It is noteworthy that the lowest number of species
per sample was also recorded on 27.2.84, and futhermore, this trend
was repeated on three further occasions: 17.3.84/31.3.84 (94%; 9
species in both communities); 16.4.84/1.5.84 (93%; 8 and 11 species,
respectively); and to a lesser extent, 31.6.84/28.7.84 (92%; 17 and 11
species, respectively). The least similar consecutive communities
occurred in early summer (26.11.83/10.12.83), coinciding with periods

of high species richness (37 and 43 species, respectively [Table



TABLE 6/0 a diversity and Shannon-Wiener information index for each
sampling date in Lake Kainui, July 1983 to July 1984.

Date a Diversity Shannon-Wiener Information
s d Index
1983
9.vii 34 9.69 1.52
3.ix 30 7.84 1.04
1.x 19 4.99 1.26
15.x%x 30 7.87 0.94
29.x 29 8.01 2.1
12.x1 31 7.42 1.18
26.x1 37 9.18 1.6
10.xi1i 43 10.87 2.93
1984
7.1 31 7.48 1.84
21.1 26 6.53 2.28
4.ii 10 2.51 1.44
18.11i 15 3.59 0.98
27.11 7 1.69 1.15
17.i11 9 2.16 1.12
31.ii1i 9 2.08 0.94
16.iv 8 1.85 0.66
1l.v 11 2.56 0.71
28.v 11 2.68 1.28
31.vi 17 4.55 0.79
28.vii 11 2.62 0.47




TABLE 6/1 Variation in the number of species (plus varieties) per 1
ml aliquot in Lake Kainui, July 1983 to July 1984.

Number of Species

Taxon Maximum Minimum Mean + 1 SD Total
(n = 20)

CHLOROPHYTA

Euchlorophyceae 15 1 6.5 * 4.4 33

Ulothricophyceae 1 0 0.05 + 0.2 1

Zvgophyceae 14 3 7.3 =+ 3.6 20
CHROMOPHYTA

Chrysophyceae 2 0 0.4 =+ 0.6 3

Diatomophyceae 8 0 2.4 + 2.0 22

Xanthophyceae 1 0 0.05 = 0.2 1
CYANOPHYTA

Cvanophyeae 6 0 1.2 + 1.6 17
EUGLENOPHYTA

Euglenophyceae 3 0 1.3 + 0.8 8
PYRRHOPHYTA

Cryptophyceae 2 0 0.9 + 0.4 3

Dinophyceae 2 0 0.5 + 0.8 4
RAPHIDOPHYTA

Raphidophyceae 1 0 0.1 + 0.3 1

ALL SPECIES 43 7 20.7 10.1 113

I+




TABLE 6/2

Percentage similarity
specified phytoplankton

1983 to July 1984.

indices
communites

of

consecutive and other
in Lake Kainui, July

Dates Community Type Percentage Similarity
Index
1983
9.vii/3.ix Consecutive 87
3.ix/1.x " 91
1/x/15.x " 89
15.x/29.x " 25
29.x/12.xi " 74
12.xi/26.xi " 38
26.x1/10.x%xi1i " 18
10.xii/7.1 (1984) " 58
1984
7.1/21.1 " 77
21.1/4.1i1i " 76
4.11/18.1ii " 92
18.1i/27.11 " 97
27.11/17.1i1 " 51
17.11i/31.1iii " 94
31.1ii/16.1iv " 85
16.iv/1.v " 93
1.v/28.v " 40
28.v/31.vi " 33
31.vi/28.vii " 92
9.vii/15.x% winter-spring 81
15.x/7.1 spring-summer 6
7.1/16.1iv summer-autumn 15
16.1v/28.vii autumn-winter 91
9.vii(1983)/28.vii(1984) annual 4
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6/1]). The mean index was 69 * 27% (n = 19).
Spring/summer and summer/autumn communities showed marked
dissimilarity, unlike those of the colder seasons which had relatively

high indices.

6.1.1.5 Species Periodicity

Annual patterns of abundance of the major phytoplankters were
characterised by rapid increases followed by dramatic declines, and
the absence of marked seasonality. Desmids dominated the plankton
throughout the entire year, but no two species exhibited similar
cycles.

Five taxa (Staurastrum brachiatum, Closterium acutum var.
variabile, Scenedesmus quadricauda [the only dominant non-desmid
species], Staurastrum sp. C and Staurodesmus spp. [S. cuspidatus, S.
dejectus and S. mammillatus]) respectively occurred in six successive
ma jor peaks of abundance (Figs. 6/2 and 6/3).

Staurastrum brachiatum, the most temporally restricted species,
was dominant throughout the first four months of the sampling
programme. Its initial density was 2246 pu ml~!, and its maximum (5424
pu ml~!) was recorded on 15.10.83 (at which time 100% were parasitised
with an unidentified chytrid and/or biflagellate fungus), but numbers
then commenced to decrease rapidly, coinciding with a dramatic
increase in numbers of both Closterium acutum var. variabile and
Scenedesmus quadricauda. The density of Closterium acutum var.
variabile fluctuated throughout early spring but increased
dramatically after mid-October. The maximum density (11,096 pu ml™?
[12.11.83]) was followed, with the exception of a further peak in mid-
summer (21.1.84), by an equally rapid decline. It reappeared in late
autumn (40 pu ml™') (1.5.84), and was increasing once more when
sampling ceased. Initially, S. quadricauda was present in minimal
numbers but, like C. a. var. variabile, its density began to increase
rapidly in early summer reaching 7536 pu ml~! on 26.11.84. Its decline
also was similar to C. a. var. variabile, but it was not found during
winter 1984 (Fig. 6/3).

Staurastrum sp. C, like Scenedesmus quadricauda, was present in

very low numbers throughout winter 1983. It was not found in October,



Fig. 6/2 Temporal variations in the densities (pu ml ') of Staurastrum brachiatum,
Closterium acutum var. variabile and Scenedesmus quadricauda in Lake Kainui,
July 1983 to July 1984.
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Fig. 6/3 Temporal variations in the densities (pu ml ') of Staurodesmus Spp.,
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but between November and February showed a spectacular increase in
abundance, reaching a maximum density [9600 pu ml~'] in mid-summer
(18.2.84).

Staurodesmus spp. (S. cuspidatus, S. dejectus and S. mammillatus)
also were increasing in abundance throughout early summer, albeit at a
slightly slower rate than Staurastrum sp. C. Their maximum density
(18,040 pu ml~') was recorded on 16.4.84, and their subsequent decline
coincided with a further upsurge in numbers of Staurastrum sp. C. From
November 1983 onwards, dominance alternated between these two taxa.

Quantitatively, the cryptomonads (Cryptomonas marssonii and C.
ovata) were unimportant (Table 4/0) (maximum density 204 pu ml~!
[12.11.83]). However, their periodicity is of special interest
because, without exception, each cryptomonad peak followed high

densities of another major taxon (Figs. 6/2 and 6/3).

6.1.2 Lake Mangahia

6.1.2.1. Temporal Variations in Total Phytoplankton Density and

Biomass

The community was characterised by a broad range of densities (400
to 23,542 pu ml™?'; mean 6320 pu ml~! [n = 22]), and sudden, short-
lived peaks of abundance (Fig. 6/4). Densities remained relatively low
throughout winter 1983, but four major peaks (14,692, 19,122, 23,542
and 11,208 pu ml™!) were recorded between November 1983 and April
1984.

Annual variations in biomass (Fig. 6/5) were similar to those of
abundance, although the two maxima did not coincide because the
biovolume of Chlorella sp. (28 um®), which comprised 72% of the mid-
March density peak, was much smaller than that of either Aulacosira
distans (350 pum®) or A. granulata var. angustissima (1121 pm®), which
were co-dominants in the mid-January peak (Fig. 6/5). Total biomass
ranged from 0.2 (27.7.84) to 10.1 g m® (21.1.84) (mean 2.5 g m*® [n =
22]).

6.1.2.2 Temporal Variations in the Composition of the Total

Phytoplankton Standing Crop

Numerically, diatoms and chlorophytes, which alternated their
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periods of importance, were the dominant groups and, with one
exception, all other classes were relatively insignificant (Fig. 6/4).
From 8.7.83 to 30.9.83, diatoms were dominant (mean proportion 58% [n
= 4], and zygophytes and euchlorophytes were sub-dominants. However,
during spring and early summer 1984, chlorophytes (particularly
zygophytes), increased in abundance and became the major group. From
28.10.83 to 9.12.83 the mean zygophyte proportion was 91% (n = 4).
Dominance changed throughout January and February 1984, the mean
diatom and chlorophyte proportions being 83 and 11%, respectively (n =
4). This pattern was repeated during the next five months, although
the euchlorophyte proportion markedly exceeded that of the zygophytes.
The Euglenophyceae, the only other significant class, increased in
importance throughout late summer and autumn 1984.

With two exceptions, biomass dominance alternated between the
Diatomophyceae and Euglenophyceae. From 8.7.83 to 30.9.83, diatoms
were the most important group (mean proportion 83% [n = 4]. In early
summer, however, dominance shifted to the euglenophytes (14.10.83
[91%] and 9.12.83 [(61%]). These pulses were short-lived, and diatoms
were dominant again throughout January and February 1984 (mean
proportion 78% [n = 4]). In autumn, euglenophytes became dominant once
more (15.4.84 [70%] and 30.4.84 [69%]), but were replaced by diatoms
in early winter (65% [29.5.84]).

This domination by only two taxa was briefly interrupted in early
summer by an increase in the importance of the Zygophyceae (53%
[11.11.83] and 52% [25.11.83).

The Cyanophyceae appeared in summer 1984, and although initially
it was unimportant, by winter [30.6.84] it shared dominance with the
diatoms (26 and 27%, respectively). Further increases continued, and
by 27.7.84 cyanophytes had replaced diatoms as the dominant class

(Fig. 6/5).

6.1.2.3 Temporal Variations in Phytoplankton Species Diversity

The number of species per sample ranged from 14 to 33 (mean 23 % 6
[n = 22]), with high numbers being recorded in mid-summer 1984 (Table
6/3). However, not all classes showed an increase in species number
throughout summer; for example, both the Euchlorophyceae and the
Zygophyceae displayed continuous increases from July 1983 to April
1984, and the highest numbers of diatom and cyanophyte, and

cryptophyte and dinoflagellate species were recorded in winter 1983



TABLE 6/3 a diversity and Shannon-Wiener information index for each
sampling date in Lake Mangahia, July 1983 to July 1984.

Date o Diversity Shannon-Wiener Information

s d Index
1983
8.vii 22 8.11 2.74
5.viii 27 9.23 2.52
2.1ix 14 5.08 1.93
30.ix 20 5.68 1.98
14.x 20 6.51 1.78
28.x 18 5.46 0.98
11.xi 16 4.59 0.83
25.x%1 25 6.09 0.44
9.xii 19 4.56 0.38
23.xi1 18 5.57 2.90
1984

6.1 28 7.02 2.44
20.1 33 7.71 1.23
3.1ii 25 6.34 1.04
17.11 24 6.07 1.64
3.iii 30 8.71 2.28
16.1ii1i 26 5.95 1.23
30.iii 32 8.82 2.22
15.1v 28 6.91 2.18
30.iv 26 7.43 4.21
27.v 25 6.76 2.23
30.vi 16 5.14 2.99
27.vili 15 5.76 2.96
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and 1984, respectively (Appendix IV). Species continuity was generally
low, as evidenced by a wide variation in the number of species
occurring within each class (Table 6/4).

The Shannon-Wiener index ranged from 0.38 (9.12.83) to 4.21
(30.4.84) (mean 1.96 + 0.94 [n = 22]) (Table 6/3). Low indices
coincided with a period of overwhelming dominance by the Zygophyceae
in early summer (28.10.83 to 9.12.83 [Fig. 6/4]), and in particular,
Closterium acutum var. variabile (Fig. 6/2). Conversely, the highest
index resulted from a more even distribution of abundance between

chlorophytes, diatoms and euglenophytes (Fig. 6/4).

6.1.2.4 Percentage Similarity of the Phytoplankton Communities

Two periods of major community change resulted in a broad range of
similarity indices (17 to 95%; mean 61 + 23% [[n = 21]). The late
winter indices (8.7.83/5.8.83 [66%] and 5.8.83/2.9.83 [74%]) were
high, and diatoms dominated on both occasions (Fig. 6/4). However, a
rapid shift to a chlorophyte community in mid-October, resulted in
major alterations to community structure (38% [30.9.83/14.10.83]). The
indices for the 28.10.83/11.11.83, 11.11.83/25.11.83, and
25.11.83/23.12.83 communities were also high (92, 91 and 95%,
respectively), due to continued dominance by the Zygophyceae (Fig.
6/4); however, increased densities (particularly of chrysophytes and
diatoms), caused a second period of dramatic change (17%
[9.12.83/23.12.83]). The index fluctuated throughout the remainder of
the sampling programme, but high values were generally associated with
high diatom densities. In seasonal terms, spring/summer and
summer/winter communities were markedly dissimilar (11 and 13%,

respectively) (Table 6/5).

6.1.2.5 Species Periodicity

The major euchlorophyte species showed one of two distinct
seasonal cycles (Fig. 6/6). Scenedesmus quadricauda, Monoraphidium
tortile and Tetrastrum triangulare were usually present throughout the
entire sampling period, each exhibiting one major peak of abundance;
maximal densities were 652, 264 and 562 pu ml™!, respectively. In
contrast, both Chlorella sp. and Raphidocelis contorta were absent

throughout winter and spring 1983. Chlorella sp. was first recorded in



TABLE 6/4

Variation in the number of species (plus varieties) per 1
ml aliquot in Lake Mangahia, July 1983 to July 1984.

Number of Species

Taxon Maximum Minimum Mean + 1 SD Total
(n = 22)

CHLOROPHYTA

Euchlorophyceae 15 1 8.3 + 4.7 37

Ulothricophyceae 2 0 0.1 + 0.4 2

Zygophyceae 5 2 3.4+ 1.1 16
CHROMOPHYTA

Chrysophyceae 6 0 1.4 + 1.5 8

Diatomophyceae 9 2 5.0 £+ 1.9 24

Xanthophyceae 2 0 0.3 = 0.6 3
CYANOPHYTA

Cyvanophyceae 4 0 0.9 £+ 1.2 12
EUGLENOPHYTA

Euglenophyceae 10 1 2.6 + 2.0 19
PYRRHOPHYTA

Cryptophyceae 3 0 1.9 + 0.7 3

Dinophyceae 2 0 0.3 + 0.6 4
ALL SPECIES 33 14 23.0 £ 5.6 128




TABLE 6/5

Percentage similarity

indices

of

specified phytoplankton communites
1983 to July 1984.

consecutive

and other

in Lake Mangahia, July

Dates Community Type Percentage Similarity
Index
1983
8.vii/5.viii Consecutive 66
5.viii/2.1ix " 74
2.ix/30.ix " 70
30.ix/14.x " 38
14.%x/28.x " 50
28.x/11.1ix " 92
11.1ix/25.ix " 91
25.1ix/9.xi1i " 95
9.x1i/23.xi1i " 17
23.xii/6.1 " 45
1984
6.1/20.1 " 74
20.1/3.1i " 80
3.11/17.1i " 86
17.11/3.11ii " 83
3.iii/16.11ii " 27
16.1i1/30.11i1i " 29
30.1i1/15.iv " 50
15.iv/30.1iv " 49
30.1v/27.v " 55
27.v/30.vi " 48
30.vi/27.vii " 59
8.vii/1l4.x winter-spring 33
14.x/6.1 spring-summer 11
6.1/15.1iv summer-autumn 23
15.iv/27.vii autumn-winter 13
8.vii (1983)/
27.vii (1984) annual 35
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late summer at its maximum density (16,984 pu ml~' [16.3.84]), but
this high density was short-lived, and rapidly dropped to 100 pu ml~!
(30.3.84). A further increase was recorded during late autumn (5256 pu
ml™' [15.4.84]), but it was not found throughout June and July 1984.
Raphidocelis contorta was first found in mid-summer (6.1.84) and, with
one exception (3.3.84), was present until the end of the sampling
programme. Initially, its densities fluctuated irregularly, but then
increased steadily throughout autumn, reaching a maximum (360 pu ml~1!)
in early winter (27.5.84).

Both Closterium acutum var. variabile and Aulacosira distans (Fig.
6/7) were present throughout the entire year, had relatively minor
peaks in early spring (926 pu ml~! [30.9.83] and 1410 pu ml™’
[30.9.83], respectively), and substantial increases in summer; maximum
densities were 13,944 (9.12.83) and 14,080 pu ml~! (20.1.84),
respectively. A. granulata var. angustissima showed a similar pattern,
albeit on a smaller scale (maximum density 3480 pu ml~! [20.1.84]).
Trachelomonas volvocina also was present in all samples, but remained
unimportant until mid-summer, after which time its density increased

steadily (maximum density 1728 pu ml™! [15.4.84]) (Fig. 6/7).

6.1.3. Lake Mangakaware

6.1.3.1 Temporal Variations in Total Phyvtoplankton Density and

Biomass

In terms of abundance, the community was characterised by
irregular fluctuations throughout the entire vear. Total density
ranged from 430 (27.7.84) to 29,362 pu ml~! (27.5.84) (mean 5037 pu
ml™? [n = 21]). Densities increased throughout winter 1983, and a
minor peak (10,134 pu ml™!) was recorded on 2.9.83. However, these
high densities were short-lived, and a rapid decline occurred
throughout spring. With the exception of a second minor peak (11,736
pu ml™') in mid-summer [23.12.83]), densities fluctuated erratically
throughout both the remainder of summer and autumn, increased
dramatically at the commencement of winter (29,362 pu ml~! [27.5.841]),
but then declined equally rapidly (Fig. 6/8).

Total biomass ranged from 0.15 (27.7.84) to 17.9 g m® (23.12.83)

(mean 3518 mg m® [n = 22]), and major peaks of biomass and density did
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Fig. 6/7 Temporal variations in the densities (pu ml ') of Trachelomonas volvoecina,
Aulacosira granulata var. angustissima, A. distans and Closterium acutum
var. variagbile in Lake Mangahia, July 1983 to July 1984.
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Fig. 6/8

100

Temporal variations in: (a) phytoplankton class composition, in terms of
abundance; (b) total number of pu ml !, in Lake Mangakaware, July 1983 to
July 1984, The Cyanophyceae, Raphidophyceae, Ulothricophyceae and
Xanthophyceae have been omitted from this figure.
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not coincide. Biomass remained relatively low throughout winter 1983
(0.3 [8.7.83] and 0.5 g m® [5.8.83]), gradually increased (with some
minor exceptions) during spring, and rose dramatically in summer
(maximum 17.9 g m® [23.12.83]). It was high throughout early January
1984 but later fell rapidly. Minor increases were recorded in late
summer and autumn (4.6 g m® [16.3.84] and 1.9 g m® [30.4.84],
respectively), but values were markedly lower during winter 1984 (0.5
[29.6.84] and 0.1 g m® [26.7.84]) (Fig. 6/9).

6.1.3.2. Temporal Variations in the Composition of the Total

Phyvtoplankton Standing Crop

Initially, the dominant and sub-dominant classes, in terms of
abundance, were the Chrysophyceae (55%) and the Euchlorophyceae (41%),
respectively. However, as total densities increased throughout winter,
the pattern was reversed; the Chrysophyceae, with the exception of an
upsurge in early summer (42% [14.10.83]), was relatively unimportant
throughout the remainder of the sampling year. Both the Euglenophyceae
and the Cryptophyceae showed marked increases in importance (39 and
19%, respectively) immediately after a late winter period of
euchlorophyte dominance (81% [30.9.83]). The Euglenophyceae showed a
similar pattern with respect to peaks of total phytoplankton density,
on three further occasions (17.2.84, 15.4.84, and 27.7.84,
respectively). From November 1983 onwards, dominance alternated
between the Diatomophyceae and the Euchlorophyceae, with the
Zvgophyceae increasing in importance at the end of the sampling
programme (51% [27.7.84]1) (Fig. 6/8).

In terms of biomass, the major temporal feature was that each
class displayed at least one period of dominance, albeit brief in some
instances (Fig. 6/9). Five classes (Chrysophyceae, Cyanophyceae,
Cryptophyceae, Zygophyceae and Euchlorophyceae) were dominant only
once. The Chrysophyceae was most important in winter (66% [8.7.83] and
36% [5.8.83]), its decline coinciding with an increase in the
importance of the Cyanophyceae (76% [4.10.83]). The Cryptophyceae and
Zygophyceae were co-dominants very briefly in early summer (70%
[25.11.83] and 56% [9.12.83], respectively), while the Euchlorophyceae
accounted for 48% of total biomass in winter (30.6.84).

The Dinophyceae and Diatomophyceae were both dominant twice. The
former was most important on 2.9.83 (38%) and during January 1984 (80

and 42%). However, periods of diatom dominance were both more
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pronounced and longer-lived (92, 79 and 96% [March-April 1984] and 66
and 36% [May-June 1984]).

The Euglenophyceae, in marked contrast to other classes, was
dominant for a brief period at least once during each season. It was
the major class on eight sampling dates; the sequence of peaks
(30.9.83 [57%], 28.10.83 and 11.11.83 [65 and 47%, respectively],
23.12.83 [76%), 17.2.84 and 3.3.84 [77 and 74%, respectively], 30.4.84
[53%] and 27.7.84 [78%]) indicates that, without exception, it became

dominant immediately after a maximum contribution of another class.

6.1.3.3 Temporal Variations in Phytoplankton Species Diversity

a diversity fluctuated erratically (range 18 to 54; mean 29.5 *
10.3 [n = 21]) (Table 6/6). Periods of high species richness generally
coincided with maximal proportions (in terms of abundance) of the
Euchlorophyceae (Fig. 6/8). Both the minimum (3) and maximum (24)
number of euchlorophyte species occurred in early summer (11.11.83 and
9.12.83, respectively). The Zygophyceae, however, had both its minimum
(1) and maximum number (10) in winter (30.6.84 and 27.7.84, and 8.7.83
respectively) (Appendix IV).

Despite relatively high species richness within both the
Euchlorophyceae (46) and the Diatomophyceae (38) (Table 4/11), at no
time did large numbers of species coexist; for example, on only one
occasion were both classes represented by more than 50% of their
species. With the exception of the pyrrhophytes, other classes
exhibited a similar pattern (Table 6/7).

The Shannon-Wiener index also varied considerably (range 0.88 to
3.78;: mean 2.23 + 0.92 [n = 21]). The lowest value was recorded on
3.3.84 and reflected the importance of Acanthoceras zachariasi (5648
pu ml™! [87% of total density]) at that time. Conversely, the highest
index was recorded when species richness was relatively high (43
[6.1.84]), and the proportions of the major taxa were more evenly
distributed than at any other time. .
6.1.3.4 Percentage Similarity of the Phytoplankton Communities

With two exceptions (8.7.83/5.8.83 [62%]) and 3.3.84/16.3.84

[71%)), consecutive communities were not markedly similar. There was
no evidence of seasonality (Table 6/8); for example, low indices were
recorded in late winter-early spring (19% [5.8.83/2.9.83] and 17%
[2.9.83/30.9.83]), mid-summer (12% [20.1.84/3.2.84] and 11%
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(3.2.84/17.2.84]) and late autumn-winter (4% [30.4.84/27.5.84] and 6%
[27.5.84/30.6.84]). High indices resulted from brief periods of
dominance by one or two species (Tetrastrum triangulare and Dinobryon
cylindricum [winter 1983] and Acanthoceras zachariasi [late summer
1984]). The ephemeral nature of the phytoplankton populations is
reflected in the low mean (32 * 20%), seasonal, and annual (July

1983/July 1984) indices.

6.1.3.5 Species Periodicity

Both Tetrastrum triangulare and Dinobryon cylindricum had maximal
densities (1024 and 1407 pu ml~!, respectively) in winter 1983,
declined in abundance throughout spring, and exhibited minor peaks in
summer (Fig. 6/10). However, their spring declines were not
accompanied by concomitant increases and/or maxima of other major
species, although minor peaks of Cryptomonas spp. (C. marssonii and C.
ovata) and Trachelomonas spp. (T. planctonica, T. playfairi and T.
volvocina) were apparent (Fig. 6/11).

Asterionella formosa was found only once prior to November 1983
(Fig. 6/12), but increased rapidly throughout early summer. Its
maximum density (4424 pu ml~!) was recorded on 25.11.83, and coincided
with a major fungal infection (Rhizophydium planktonicum Canter emend.
7). Its decline (January 1984) coincided with the appearance of
Acanthoceras zachariasi which, like the former species, also increased
at a remarkably fast rate (maximum density 5648 pu ml~! [3.3.84]).

It is noteworthy that the highest densities of both Cryptomonas
spp. and Trachelomonas spp. were recorded after the maximum density of
Asterionella formosa; and furthermore, the former reappeared in
relatively high densities during the decline of Acanthoceras
zachariasi (27.5.84). Generally both maximal and minimal densities of
Cryptomonas spp. and Trachelomonas spp. coincided (Fig. 6/11). The
densities of both Closterium acutum var. variabile and Monoraphidium
contortum (Fig. 6/13) fluctuated, but the latter showed a major peak
(27,374 pu ml™') in early winter (27.5.84).



Fig. 6/10 Temporal variations in the densities (pu ml™ ') of Tetrastrum triangulare and
Dinobryon cylindricum in Lake Mangakaware, July 1983 to July 1984.
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Fig. 6/11 Temporal variations in the densities (pu ml
and Trachelomonas spp. in Lake Mangakaware,

"1y of Cryptomonas erosa, C. Spp-,
July 1983 to July 1984.
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Fig. 6/12 Temporal variations in the densities (pu ml ') of Asterionella formosa and
Acanthoceras zachariasi in Lake Mangakaware, July 1983 to July 1984.
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TABLE 6/6 o diversity and Shannon-Wiener information index for each
sampling date in Lake Mangakaware, July 1983 to July 1984.

Date o Diversity Shannon-Wiener Information
s d Index
1983
8.vii 32 9.35 1.45
5.viii 22 6.28 2.04
2.ix 50 12.48 1.15
30.ix 24 7.95 2.59
14.x 26 8.96 3.44
28.x 22 7.90 2.91
11.x1 24 8.16 3.32
25.x1 33 8.56 1.84
9.xii 54 15.20 3.41
23.x11 43 10.57 2.34
1984
6.1 43 12.41 3.78
20.1 37 10.09 2.88
3.1i1 23 5.98 1.72
17.11i 25 7.41 2.54
3.1ii1 21 5.51 0.88
16.111i 24 6.62 1.17
15.iv 25 8.27 2.72
30.iv 19 5.63 1.61
27.v 32 7.16 0.43
30.vi 23 6.58 2.01
27.vii 18 6.83 2.60




TABLE 6/7 Variation in the number of species (plus varieties) per 1
ml aliquot in Lake Mangakaware, July 1983 to July 1984.

Number of Species

Taxon Maximum Minimum Mean + 1 SD Total
(n = 21)

CHLOROPHYTA

Euchlorophyceae 24 3 9.3 + 4.9 46

Ulothricophyceae 1 0 0.04 + 4.9 3

Zygophyceae 10 1 4.4 + 2.3 23
CHROMOPHYTA

Chrysophyceae 4 0 1.9 + 1.1 6

Diatomophyceae 16 3 6.7 + 3.1 41

Xanthophyceae 3 0 0.7 + 0.9 4
CYANOPHYTA

Cyanophyceae 4 0 1.1 + 1.2 15
EUGLENOPHYTA

Euglenophyceae 6 1 2.7 = 1.9 20
PYRRHOPHYTA

Cryptophyceae 3 0 1.7 + 1.3 3

Dinophyceae 5 0 1.6 + 1.5 7
RAPHIDOPHYTA

Raphidophyceae 1 0 0.6 * 0.5 1
ALL SPECIES 54 18 29.5 + 10.3 170




TABLE 6/8

Percentage similarity in

specified phytoplankton
July 1983 to July 1984.

dices of
communites

consecutive

and other

in Lake Mangakaware,

Dates Community Type Percentage Similarity
Index
1983
8.vii/5.vii consecutive 62
5.viii/2.ix " 19
2.ix/30.1ix " 17
30.ix/14.x " 29
14.x/28.x " 40
28.x/11.xi " 51
11.xi/25.x1 " 50
25.xi/9.xii " 29
9.xii/23.xii " 38
23.x1i/6.1 " 21
1984
6.1/20.1 " 35
20.1/3.11 " 12
3.11/17.1ii " 11
17.11/3.1i1 " 13
3.iii/16.1i1 " 71
16.1ii/15.1iv " 55
15.1iv/30.1v " 51
30.iv/27.v " 4
27.v/30.vi " 6
30.vi/27.vii " 30
8.vii/l4.x winter-spring 30
14 .%x/6.1 spring-summer 17
6.1/15.1iv summer-autumn 23
15.iv/27.vii autumn-winter 42
8.vii (1983)/
27.vii (1984) annual 4




Fig. 6/13 Temporal variations in the densities of Closterium acutum var. variabile and
Monoraphidium contortum in Lake Mangakaware, July 1983 to July 1984.
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6.1.4 Lake Maratoto

6.1.4.1 Temporal Variations in Total Phytoplankton Density and

Biomass

Total density and biomass both fluctuated markedly throughout the
sampling period (Figs. 6/14 and 6/15, respectively). Total density
ranged from 1150 (1.9.83) to 54,246 pu ml~?! (16.2.84) (mean 6677 pu
ml~! [n = 20]). However, if the exceptionally high maximum density,
(due largely to a brief appearance of Chlamydomonas sp. C) is excluded
from the analysis, the mean density was 4130 puml™! (n = 19).

The mean biomass was 72 g m®, the highest recorded during the
present study, and more than twice that of Lake Ngaroto, which ranked
second (Table 7/1). Botryococcus braunii was largely responsible for
the variations in total biomass, with its two extremes of density
(1.9.83 and 22.12.83, respectively) (Fig. 6/16) and the maximum (244 g

m®) and minimum (15 g m®) values coinciding.

6.1.4.2 Temporal Variations in the Composition of the Total

Phytoplankton Standing Crop

Quantitatively, the Euchlorophyceae dominated the community
throughout the entire year, except for a brief period in winter
(26.5.84 to 29.6.84), when a dramatic increase in numbers of
Closterium acutum var. variabile (Fig. 6/17) resulted in high
zygophycean proportions (52 and 80%, respectively). Cryptophytes and
diatoms, with maximal proportions of 13 and 14%, respectively, played
minor roles. The Euchlorophyceae (mainly because of the high densities
of Botryococcus braunii (Fig. 6/16), and its large biovolume [23,425
pm*]), comprised almost the entire biomass. Its maximum and minimum
proportions were 98.7 (29.9.83) and 99.9% (29.3.84).

The Diatomophyceae had the second largest proportion, a remarkably
low 1.3% (29.9.83), and it also was comprised of almost only one

species (Tabellaria flocculosa) (Fig. 6/16).

6.1.4.3 Temporal Variations in Phvtoplankton Species Diversity

Generally, species richness decreased during summer (lowest
species number [9] 19.1.84) (Table 6/9). The mean Shannon-Wiener index

was 1.3 + 0.5, and both the lowest and highest values (0.46 and 2.17,
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Fig. 6/14 Temporal variations in: (a) phytoplagkton class composition, in terms of
abundance; (b) total number of pu ml 1, in Lake Maratoto, July 1983 to July
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Fig. 6/15 Temporal variations in total phytoplankton biomass (g m® x 10) in Lake Maratoto,
July 1983 to July 1984.
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Fig. 6/16 Temporal variations in the densities (pu ml ') of Botryococcus braunit,
Tabellaria flocculosa and Aulacosira granulata var. angustissima in Lake

1oE Maratoto, July 1983 to July 1984.
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Fig. 6/17

Temporal variations in the densities (pu ml !) of Monoraphidium tortile,
Staurastrum sp.B, Closterium acutum var. variabile and Chlamydomonas sp.C

in Lake Maratoto, July 1983 to July 1984
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TABLE 6/9 a diversity and Shannon-Wiener information index for each
sampling date in Lake Maratoto, July 1983 to July 1984.

Date a Diversity Shannon-Wiener Information

S d Index
1983
7.vii 14 4.54 1.46
4.viii 25 7.65 1.42
1.ix 21 6.86 1.87
29.1ix 21 5.84 1.44
13.x%x 16 4.26 1.77
27.%x 14 3.86 2.17
10.xi 15 4.25 0.94
24.x1 11 3.31 0.91
8.xii 17 4.90 1.16
22.x%1i1 21 5.17 0.61
1984

5.1 14 3.64 1.16
19.1 9 2.90 1.19
2.11i 15 3.80 1.09
16.11 14 2.96 0.46
15.11i1i 25 6.21 0.70
29.111 22 5.77 0.93
29.1iv 28 7.33 1.39
26.v 27 7.67 2.06
29.vi 21 5.69 1.49
26.vili 21 6.71 1.50
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respectively) occurred when only 14 species were recorded. The former
coincided with the maximum density of Chlamydomonas sp. C (16.2.84
[Fig. 6/17]), and the highest value resulted from the co-occurrence in
reasonable numbers of some of the less important taxa (e.g.,
Monoraphidium tortile, Staurastrum sp. B, Aulacosira granulata var.
angustissima and Vacuolaria sp.) with the major phytoplankters
(Botryococcus braunii, Closterium acutum var. variabile, Tabellaria
flocculosa and Cryptomonas spp.) (Figs. 6/16 to 6/18).

The number of species per sample ranged from 9 to 28 (Table 6/10).
The mean, the lowest of the nine study lakes, was 18 * 5. Despite
relatively high numbers of diatom and euchlorophyte species, little
continuity was apparent. Their mean numbers of species per sample were
3 and 5, respectively, contrasting markedly with the Cryptophyceae,

which was represented almost continuously by two of its three species.

6.1.4.4 Percentage Similarity of the Phytoplankton Communities

Consecutive communities were, with three exceptions, remarkably
similar (mean 70 * 27% [n = 19]) (Table 6/11), especially throughout
late spring and early summer. For example, between 10.11.83 and
19.1.84 (five consecutive communities), indices ranged from 91 to 97%.
The 2.2.84/16.2.84 and 16.2.84/15.3.84 samples were the most
dissimilar (18 and 19%, respectively), which is not unexpected because
of the density of Chlamydomonas sp. C on 16.2.84 (Fig. 6/17). The
29.6.84/26.7.84 samples also showed little similarity (26%), largely
because of the major difference between the densities of Closterium

acutum var. variabile on these two occasions (Fig. 6/17).

6.1.4.5 Species Periodicity

The key role in the dynamics of the Lake Maratoto community was
plaved by Botryococcus braunii (Fig. 6/16). It maintained consistently
high densities throughout the entire year; with one exception
(19.1.84), these were higher in summer and autumn than at any other
time. The two most significant peaks (10,444 and 9708 pu ml™1)
occurred in summer (22.12.83 and 15.3.84, respectively), while the
minimum density (646 pu ml™!) was recorded in early spring [1.9.83]

(Fig. 6/16).



Fig. 6/18 Temporal variations in the densities (pu ml !) of Trachelomonas volvocina and
Cryptomonas spp. in Lake Maratoto, July 1983 to July 1984

Key:

1. = Trachelomonas
volvoeina

2. = Cryptomonas

sSpp.



TABLE 6/10 Variation in the number éf species (plus varieties) per 1
ml aliquot in Lake Maratoto, July 1983 to July 1984.
Number of Species
Taxon Maximum Minimum Mean + 1 SD Total
(n = 20)

CHLOROPHYTA

Euchlorophyceae 6 1 3.1 =+ 1.4 26

Ulothricophyceae 1 0 0.05 £ 0.2 1

Zygophyceae 8 2 4.3 + 1.5 17
CHROMOPHYTA

Chrysophyceae 2 0 0.6 *= 0.7 5

Diatomophyceae 12 2 5.3 = 3.1 41

Xanthophyceae 1 0 0.4 + 0.5 3
CYANOPHYTA

Cyanophyceae 3 0 1.1 + 1.1 14
EUGLENOPHYTA

Euglenophyceae 3 0 1.5 + 0.8 13
PYRRHOPHYTA

Cryptophyceae 3 0 2.0 * 0.6 3

Dinophyceae 3 0 0.9 + 1.0 6
RAPHIDOPHYTA

Raphidophyceae 1 0 0.5 % 0.5 1
ALL SPECIES 28 9 18.5 + 5.4 130




TABLE 6/11

Percentage similarity

indices

of

specified phytoplankton communites
1983 to July 1984.

consecutive

and other

in Lake Maratoto, July

Dates Community Type Percentage Similarity
Index
1983
7.vii/4.viii Consecutive 88
4.viii/1.ix " 66
1.ix/29.1x " 73
29.1x/13.x " 63
13.%x/29.x% " 75
27.x/10.xi " 66
10.xi/24.xi " 91
24 .xi1/8.xii " 95
8.xii/22.xii " 97
22.x1i/5.1 " 91
1984
5.i/19.1 " 93
19.i/2.1ii " 86
2.1i/16.1ii " 18
16.ii/15.11i1i " 9
15.111/29.1ii1 " 90
29.11i/29.iv " 90
29.iv/26.v " 61
26.v/29.vi " 62
29.vi/26.vii " 26
7.vii/13.x winter-spring 57
13.x/5.1 spring-summer 54
5.1/29.1iv summer-autumn 88
29.1iv/26.vii autumn-winter 89
7.vii (1983)/
26.vii 91984) annual 89
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The two most important diatoms were Tabellaria flocculosa and
Aulacosira granulata var. angustissima (Fig. 6/16). The former was a
permanent member of the plankton, reaching a maximum density (472 pu
ml™') in late winter (29.9.83), and exhibiting a minor peak (240 pu
ml™!) in mid-summer (2.2.84). A. g. var. angustissima also reached its
maximal density (76 pu ml™!) in late spring but, with one exception,
was not found from December 1983 onwards.

Both Chlamydomonas sp. C and Monoraphidium tortile, the only
significant representatives of the Euchlorophyceae (apart from
Botryococcus braunii), were temporary phytoplankters (Fig. 6/17), with
marked abilities to increase rapidly in number. Their maxima were
49,478 (16.2.84) and 2246 pu ml~! (13.10.83), respectively.

The two most important desmids were Closterium acutum var.
variabile and Staurastrum sp. B (Fig. 6/17). The former showed
irregular fluctuations throughout the sampling period, and had its
maximum density (3316 pu ml™!) in winter (29.6.84). Staurastrum sp. B
however, while having a broadly similar pattern of periodicity
throughout the spring and summer (albeit at lesser densities), did not
continue to increase during early winter 1984 (maximum density 152 pu
ml~! [27.10.83]).

Trachelomonas spp. (T. planctonica, T. playfairi and T. volvocina)
were unimportant from July 1983 to February 1984 (Fig. 6/18), but
their densities commenced to increase rapidly (maximum 256 pu ml~?
[29.4.84] coincident with a decline in total phytoplankton numbers.
The density of Cryptomonas spp. (C. marssonii and C. ovata) (Fig.
6/18) also fluctuated widely (range 0 to 256 pu ml™!). Both early and
mid-summer peaks occurred immediately after an increase in total
phytoplankton numbers, but surprisingly, this trend was not apparent
subsequent to the major peak of total phytoplankton in February 1984
(Fig. 6/14).

6.1.5 Lake Ngaroto
6.1.5.1 Temporal Variations in Total Phyvtoplankton Density and

Biomass
The total density of phytoplankton ranged from 2373 (7.9.83) to
11,570 pu ml~! (2.2.84) (mean 5330 pu ml~! [n = 21]) (Fig. 6/19).
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Fig. 6/19

Temporal variations in: (a) phytoplankton class composition, in terms of
abundance; (b) total number of pu ml ', in Lake Ngaroto, July 1983 to July

1984, 'The Chrysophyceae, Dinophyceae, Xanthophyceae and Dinophyceae have
been omitted from this figure.
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Densities were relatively low in mid-winter 1983, and fluctuated
erratically throughout the remainder of the sampling year.

Total biomass also varied considerably (Fig. 6/20), with
relatively low values being recorded during the colder months (minimum
3.1 g m* [26.7.84])). The maximum standing crop (74 g m®) was recorded
in late summer (15.3.84). The mean total biomass was 27.6 g m® (n =
21).

6.1.5.2 Temporal Variations in the Composition of the Total

Phytoplankton Standing Crop

The seasonal dynamics of this community generally featured only
three classes: the Diatomophyceae, Cyanophyceae and, to a lesser
extent, the Euchlorophyceae (Fig. 6/19). Initially, the Diatomophyceae
was numerically the most important class (54% [7.7.83]), but the
Cyanophyceae and Euchlorophyceae generally dominated the plankton
throughout both winter and spring 1983 (maximum proportions 51 and
41%, respectively). However, they were steadily replaced in early
summer by the Diatomophyceae (85% [5.1.84]1). The mid-summer period was
characterised by a short euchlorophycean pulse (73% [2.2.84]), before
further periods of dominance by the diatoms and cyanophytes (maximum
proportions 77 [16.2.84] and 51% [29.4.84], respectively) in late
summer-autumn and early winter 1984.

Because of the relatively large biovolumes of the major cyanophyte
(Microcystis aeruginosa [65,449 um®]) and dinoflagellate species
(Peridinium cinctum [39,250 um®]), the variations in total biomass
(Fig. 6/20) differed markedly from those of abundance. Total biomass,
with three exceptions, was dominated throughout the entire sampling
period by the Cyanophyceae; its two highest proportions were recorded
during late winter-spring 1983 (95%) and late summer-autumn 1984
(97%). The first interruption of this overwhelming dominance was
apparent on 4.8.83 when the Euchlorophyceae and Dinophyceae accounted
for 49 and 13% of the biomass, respectively. A second period of sub-
dominance was recorded in mid-summer (2.2.84), and resulted from a
dinophycean pulse (41%), combined with relatively minor but similar
proportions of the Euchlorophyceae (12%), Diatomophyceae (15%) and
Euglenophyceae (11%). A third exception was recorded in winter
[26.7.84], when the Cyanophyceae shared dominance (30%) with the three
previously mentioned classes, each of which was increasing in

importance at the time.



Fig. 6/20 Temporal variations in:

(a) phytoplankton class composition, in term of
biomass; (b) total biomass (mg m x qu), in Lake Ngaroto, July 1983 to
July 1984, The Chrysophyceae, Cryptophyceae, Xanthophyceae and
Zygophyceae have been omitted from this figure.
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6.1.5.3 Temporal Variations in Phytoplankton Species Diversity

Species richness ranged from 22 (2.2.84) to 53 (7.7.83), but no

seasonality was apparent (Table 6/12). The mean, the highest of the
nine study lakes, was 41 +* 8 (n = 21). Despite considerable
differences between total numbers of diatom (42) and cyanophyte
species (24), their mean occurrences were remarkably similar (6 and 5
species, respectively). It is also of interest that although the
Euchlorophyceae had only nine more species than the Diatomophyceae,
its mean number of species per sample was markedly higher (17) (Table
6/13).

The Shannon-Wiener index displayed a considerable range (1.36 to
4.8) (Table 6/12). With one exception, five mid-summer communities
(8.12.83 to 16.2.84) had the lowest values (mean 1.68), largely
because of high densities of Aulacosira granulata var. angustissima

(Fig. 6/23). The mean index was 2.66 = 0.73.

6.1.5.4 Percentage Similarity of the Phytoplankton Communities
With two exceptions (29.4.84/26.5.84 [90%] and 22.12.83/5.1.84

[85%], consecutive communities were not markedly similar (Table 6/14).
The mean index was 58 * 19%, and there was little evidence of
seasonality, with low indices occurring in mid-summer (27%), autumn
(30%) and winter 1984 (38%). Summer/autumn and autumn/winter

communities were also highly dissimilar (10 and 17%, respectively).

6.1.5.5 Species Periodicity

Aulacosira granulata var. angustissima was usually either the
dominant or co-dominant phytoplankter (Fig. 6/23); however, although
it was always present in relatively high densities (range 620
[26.7.84] to 7320 puml™! [5.1.84), several other taxa exhibited
marked seasonal periodicity.

Three of these species (Anabaena tenericaulis, Raphidocelis
contorta and Monoraphidium contortum) were more abundant throughout
winter and spring, than at any other time (Fig. 6/21). The maximum
density of A. tenericaulis (2020 pu ml~!), the most important in
quantitative terms, was recorded on 1.9.83, and was followed
successively by maxima of Monoraphidium contortum (608 pu ml~?
[29.9.83]) and Raphidocelis contorta (848 pu ml~! [13.10.83]). All

three taxa exhibited further peaks of abundance, but generally their



TABLE 6/12 o diversity and Shannon-Wiener information index for each
sampling date in Lake Ngaroto, July 1983 to July 1984.

Date a Diversity Shannon-Wiener Information

s d Index
1983
7.vii 53 15.70 2.70
4.viii 48 12.89 2.84
1.ix 34 9.40 2.78
29.1ix 33 9.27 3.23
13.x 35 9.63 3.80
27.x% 43 11.34 2.90
10.xi 45 11.90 2.88
24 .xi 41 10.93 2.09
8.xii 43 10.94 1.83
22.x11 48 12.18 1.47
1984

5.1 42 10.60 1.36
19.1 50 13.29 2.93
2.11 22 5.41 1.75
16.11i 30 8.43 1.99
2.111 37 10.49 2.93
15.1i1i 42 11.62 2.63
29.i11 45 12.78 2.99
14.iv 31 8.81 2.19
29.1iv 45 12.03 4.19
26.v 52 14.15 2.98
26.vii 47 13.72 3.44




TABLE 6/13 Variation in the number of species (plus varieties) per 1
ml aliquot in Lake Ngaroto, July 1983 to July 1984.

Number of Species

Taxon Maximum Minimum Mean + 1 SD Total
(n = 21)

CHLOROPHYTA

Euchlorophyceae 20 8 16.9 =+ 3.0 51

Ulothricophyceae 1 0 0.05 + 0.2 1

Zygophyceae 6 2 4.2 + 1.1 16
CHROMOPHYTA

Chrysophyceae 4 0 0.95 =+ 1.1 7

Diatomophyceae 15 4 6.5 + 2.9 46

Xanthophyceae 2 0 0.1 + 0.5 2
CYANOPHYTA

Cvanophyceae 9 3 5.3 + 2.1 26
EUGLENOPHYTA

Euglenophyceae 6 0 2.4 + 1.8 18
PYRRHOPHYTA

Cryptophyceae 2 0 1.8 + 0.6 3

Dinophyceae 2 0 0.9 * 0.5 4
ALL SPECIES 53 22 41.2 + 8.0 174




TABLE 6/14 Percentage similarity

indices

of

specified phytoplankton communites
1983 to July 1984.

consecutive

and other

in Lake Ngaroto, July

Dates Community Type Percentage Similarity
Index
1983
7.vii/4.viii Consecutive 42
4.viii/1.ix " 71
1.ix/29.ix " 47
29.ix/13.x% " 64
13.x/27.x " 55
27.x/10.xi " 72
10.xi/24.x1i " 68
24 .xi/8.xi1i " 74
8.xii/22.xii " 74
22.x11/5.1 " 85
1984

5.1/19.1 " 53
19.i/2.11 " 27
2.11/16.11 " 29
16.1i/2.1ii " 43
2.111/15.1ii " 63
15.1i1i1/29.1iii " 70
29.1ii/14.iv " 30
14.iv/29.1iv " 58
29.iv/26.v " 90
26.v/26.vii " 38
7.vii/13.x winter-spring 46
13.x/5.1 spring-summer 36
5.i/14.1iv summer-autumn 10
14.iv/26.vii autumn-winter 17
7.vii (1983)/
26.vii (1984) annual 45




Fig. 6/21 Temporal variations in the densities (pu ml ! x 10%2) of Monoraphidium

contortum, Anabaena tenericaulis and Raphidocelis contorta in Lake Ngaroto,
July 1983 to July 1984.
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densities were relatively low during the warmer months.

In contrast, the peak densities of a further six major taxa (Fig.
6/22), representing four classes (Euchlorophyceae, Zygophyceae,
Diatomophyceae and Cyanophyceae), were recorded in early summer.
Generally, their cycles of abundance were broadly similar: slight
increases in spring; major peaks in October-November 1983; declining
numbers throughout mid- and late summer; and small increases in either
autumn or winter 1984.

Of these six taxa, Merismopedia minima had the highest density
(704 pu ml'l), but was the most temporally restricted species. The
maxima of Tetrastrum triangulare (468 pu ml™!) and T. staurogeniaforme
(316 pu ml~!) were recorded on consecutive sampling dates (27.10.83
and 10.11.83, respectively), as were those of the two desmids,
Closterium acutum var. variabile (292 pu ml~! [27.10.83]) and
Staurastrum sp. C (240 puml™? [10.11.83]). The maximum density of
Aulacosira distans (284 pu ml™!), the sixth member of this group, also
was recorded on 10.11.83, although its subsequent decline was not as
sharp as those of the other five taxa.

In mid-summer 1984, Aulacosira granulata var. angustissima
dominated the community, but maxima of Scenedesmus quadricauda,
Trachelomonas volvocina and Asterionella formosa were also recorded
(Fig. 6/23). The former was a permanent member of the flora, with
minimum and maximum densities of 620 (26.7.84) and 7320 pu ml~!?
(5.1.84), respectively. Its numbers were lower throughout winter and
spring than during the warmer months. At the time of its maximum
abundance (5.1.84) it comprised 80% of the total community. The
maximum density of A. formosa (404 pu ml~?) was also recorded during
this period. Diatom maxima were followed by peak densities of both S.
quadricauda and T. volvocina (7608 and 648 pu ml~!, respectively
[2.2.84]).

Microcystis aeruginosa had minor pulses in early summer (560 pu
ml~! [27.10.83] and 616 pu ml~' [12.12.83]) (Fig. 6/24) but its two
largest peaks (1080 and 1444 pu ml~?!) were recorded in autumn
(15.3.84) and early winter (29.4.84 and 26.5.84), respectively.

With the exception of a brief period in late summer (2.2.84 and

16.2.84), Cryptomonas spp. (C. marssonii and C. ovata) were permanent
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Fig. 6/22

Temporal variations in the densities (pu ml ' x 10%) of Merismopedia minima,
Tetrastrum triangulare, T. staurogeniaforme, Aulacosira distans, Staurastrum

sp. C and Closteriwm acutum var. variabile in Lake Ngaroto, July 1983 to
July 1984,

Merismopedia
minima
Tetrastrum

triangulare

T. staurogenia-
forme

Aulacosira
distans

Staurastrum
sp. C

Closterium
acutum var.
vartabile



puml ! x 102

puml ! x 10°

! x 102

pu ml

Fig. 6/23 Temporal variations in the densities (pu ml ') of Scenedesmus quadricauda,
Trachelomonas volvocina, Aulacosira granulata var. angustissima, and
Asterionella formosa in Lake Ngaroto, July 1983 to July 1984.
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Fig. 6/24 Temporal variations in densities (pu ml ' x 10%) of Microcystis aeruginosa and
Cryptomonas spp. in Lake Ngaroto, July 1983 to July 1984.
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members of the community (Fig. 6/24). Their numbers fluctuated
erratically throughout the greater part of the year, but maxima
occurred after autumn and early winter peaks of total phytoplankton
biomass (140 [29.4.84] and 256 pu ml™' [26.7.84], respectively) (Fig.
6/20).

6.1.6 Lake Rotokauri

6.1.6.1 Temporal Variations in Total Phytoplankton Density and

Biomass

Total phytoplankton density fluctuated irregularly throughout the
entire sampling year (Fig. 6/25). There was little evidence of
seasonality, and both maximum (2190 pu ml1~ ') and minimum (64 pu ml~1!)
densities were recorded during the colder months (31.6.84 and 3.9.83,
respectively). The mean density was 653 pu ml~! (n = 22).

Total biomass also fluctuated dramatically (Fig. 6/26), ranging
from 0.02 (28.7.84) to 2.3 g m® (4.2.84). Increased nutrient
availability following aquatic macrophyte decomposition in mid-summer
1984 (Chapter 3.2), was undoubtedly responsible for the timing of the
maximum biomass peak. The mean biomass, the lowest of the nine study

lakes (Table 7/1), was 0.7 g m® (n = 22).

6.1.6.2 Temporal Variations in the Composition of the Total

Phytoplankton Standing Crop

In terms of total density, two broad patterns were evident: first,
the Diatomophyceae and Euchlorophyceae were the most important classes
during winter-spring 1983 and summer-autumn 1984, respectively;
secondly, other important taxa (Euglenophyceae, Chrysophyceae and
Zygophyceae) each interrupted this dominance on one occasion, albeit
briefly (Fig. 6/25).

Initially, the Diatomophyceae accounted for 54% of the mean total
phytoplankton density, and its proportions remained relatively stable
until 15.10.83 when, because of an increase in the Euchlorophyceae
(61%), dominance changed. Between 15.10.83 and 27.2 84, the mean
euchlorophyte proportion was 54% (n = 10). The maximum (86%)
immediately preceded an increase in the importance of the
Euglenophyceae. Euglenophyte dominance, however, was short-lived
(maximum 65% [17.3.84]).

Both the Chrysophyceae and Zygophyceae rapidly increased in

importance during winter (maximum proportions 85 [31.6.84] and 44%
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Fig. 6/25

Temporal variations in: (a) phytoplankton class composition, in terms of
abundance; (b) total number of pu ml 1, in Lake Rotokauri, July 1983 to

July 1984, The Dinophyceae, Raphidophyceae and Ulothricophyceae have been
omitted from this figure.
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Fig. 6/26 Temporal variations in: (a) phytoplankton class composition, in terms of

biomass; (b) total biomass (g m’), in Lake Rotokauri, July 1983 to July 1984.
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[28.7.84], respectively).

In terms of total biomass, annual periodicity of the major classes
was complicated (Fig. 6/26), largely due to the brevity of their
periods of dominance. Initially, the Diatomophyceae, was the most
important class (90% [9.7.83] and 81% [6.8.83]). However, in late
spring and early summer 1983 it was gradually replaced by the
Cryptophyceae and the Euchlorophyceae.

From November 1983 until June 1984, the major class, with two
exceptions, was the Euglenophyceae. Its maximum and mean proportions
during this period were 78 (21.1.84) and 50% (n = 14), respectively.
The Euchlorophyceae and the Cyanophyceae briefly interrupted this long
period of dominance, with respective proportions of 66 (18.2.84) and
41% (16.4.84). Euglenophytes also had two short periods of co-
dominance, resulting from increases in importance of both the
cyanophytes (24% [10.12.83]) and the dinoflagellates (44% [31.3.84]).

During late autumn and winter 1984, the Euglenophyceae was
replaced by the Chrysophyceae (maximum proportion 80% [31.6.84]).
Minor increases in the importance of both the Zygophyceae and
Cryptophyceae were also recorded at the end of the sampling programme.

With one major exception, the cryptophytes generally showed an
inverse relationship with total phytoplankton biomass, their highest
proportions occurring in late spring-early summer 1983 (50 and 44%,
respectively) and winter 1984 (25%), following rapid decreases in both
diatom and chrysophyte biomass. However, the major mid-summer peak in
total biomass was not followed by a cryptophyte pulse, possibly
because decomposition of aquatic macrophytes (Chapter 3.2) produced

abnormally high nutrient levels.

6.1.6.3 Temporal Variations in Phyvtoplankton Species Diversity
The number of species per sample (Table 6/15) ranged from 14 to 55

(mean 37.2 * 12.1 [n = 22]). Generally, species richness was low

during the colder months, but there were some exceptions; for example,
46 species were found on 9.7.83. More zygophyte, cyanophyte and
euglenophyte species were found in Lake Rotokauri than any other study
lake (Table 5/20), thus both the relatively low mean and maximum
number per sample of these taxa are of special interest (Table 6/16).
The mean Shannon-Wiener index (Table 6/15), the highest of the nine
study lakes, was 3.57 * 0.72 (range 1.51 to 4.76). Only three indices

were < 3.0, and no seasonality was apparent.



TABLE 6/15 a diversity and Shannon-Wiener information index for each
sampling date in Lake Rotokauri, July 1983 to July 1984.

Date a Diversity Shannon-Wiener Information

s d Index
1983
9.vii 46 16.39 3.38
6.viii 37 13.39 3.53
3.ix 19 10.52 3.64
1.x 36 15.07 3.50
15.x 21 8.80 2.62
29.x 44 15.90 3.45
12.x1i 34 15.56 4.15
26 .x1 42 15.49 3.88
10.x1i1 55 19.44 4.76
24.xii 45 18.29 4.55
1984

7.1 42 16.30 3.82
21.1 50 18.76 4.20
4.1 54 16.97 4.39
18.11i 40 13.26 3.30
27.11 46 16.71 4.15
17.11i1i 29 10.86 3.07
31.1ii 45 15.31 3.89
16.1iv 31 11.01 3.37
l.v 47 14.71 2.63
28.v 16 6.55 3.62
31.vi 26 7.78 1.51
28.vii 14 7.54 3.21




TABLE 6/16 Variation in the number of species (plus varieties) per 1
ml aliquot in Lake Rotokauri, July 1983 to July 1984.

Number of Species

Taxon Maximum Minimum Mean + 1 SD Total
(n = 22)

CHLOROPHYTA

Euchlorophyceae 18 2 12.5 + 5.2 48

Ulothricophyceae 1 0 0.1 £+ 0.3 2

Zygophyceae 13 2 5.9 + 3.5 47
CHROMOPHYTA

Chrysophyceae 3 0 1.3+ 1.0 6

Diatomophyvceae 11 1 6.6 + 2.6 31

Xanthophyceae 1 0 0.1+ 0.3 1
CYANOPHYTA

Cyvanophyceae 11 0 3.7+ 2.4 29
EUGLENOPHYTA

Euglenophyceae 12 0 4.7 + 3.7 35
PYRRHOPHYTA

Cryptophyceae 3 0 2.0 + 0.6 3

Dinophyceae 3 0 0.9+ 1.0 7
RAPHIDOPHYTA

Raphidophyceae 1 0 0.2 + 0.4 1

ALL SPECIES 55 14 37.2

I+

12.1 210
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6.1.6.4 Percentage Similarity of the Phytoplankton Communities

The remarkably low mean index (34 + 12%) (Table 6/17) and the lack
of continuity (both the highest [55%] and lowest [12%] indices fell
within three consecutive communities [21.1.84 to 27.3.84]), provide
further evidence of the ephemeral nature of the Lake Rotokauri

phytoplankton populations.

6.1.6.5 Species Periodicity

With the exception of the diatoms, the seasonal cycles of the
major phytoplankters were not clearly defined. Initially, the two most
important species were Gomphonema truncatum and Fragilaria ulna; their
maximal densities (240 and 73 pu ml™!, respectively) were both
recorded during winter 1983, and throughout the remainder of the
sampling year they were insignificant members of the flora (Fig.
6/27).

In spring and summer the major taxa were Ankistrodesmus spp., but
generally their peaks were unpredictable (Fig. 6/28) and not confined
to this period. The density of A. falcatus fluctuated erratically,
peaking at 142 (29.10.83) and 157 pu ml~?! (26.11.83). A. bibraianus
became dominant in mid-summer (Fig. 6/30), with peaks of 266 and 312
pu ml™! (4.2.84 and 18.2.84, respectively) and, in a pattern similar
to A. gracilis, showed a further increase at the beginning of winter
1984.

Periodicity was complex throughout autumn and winter 1984, with
taxa from four classes becoming important. The maximal densities of
Trachelomonas planctonica, T. playfairi and T. volvocina (222 pu ml~
1), and Cryptomonas marssonii, plus C. ovata (114 pu ml'l), after
showing broadly similar cycles throughout the entire sampling year
(with one exception [17.3.84]) were recorded at this time (Fig. 6/29).
Monoraphidium contortum (142 pu ml~') and Mallomonas akrokomos (1614
pu ml™!) (Fig. 6/30) also peaked during this period, and the latter is

of special interest because it was not found prior to 31.6.84.



TABLE 6/17 Percentage similarity indices of consecutive and other
specified phytoplankton communites in Lake Rotokauri, July
1983 to July 1984.

Dates Community Type Percentage Similarity
Index
1983
9.vii/6.viii consecutive 36
6.viii/3.ix " 34
3.ix/1.x " 27
1.x/15.x% " 30
15.x/29.x " 46
12.xi/26.xi " 35
26.xi/10.xi1i " 33
10.xii/24.xii " 26
24 .xii/7.1 " 37
1984
7.i/21.1 " 55
21.i/4.1i " 59
4.11/18.1ii " 42
18.1i/27.1ii " 12
27.11/17.1ii " 23
17.111/31.iii " 35
31.iii/16.iv " 45
16.iv/1.v " 30
1.v/28.v " 27
28.v/31.vi " 27
31.vi/28.vii " 16
9.vii/15.%x winter-spring 6
15.x/7.1 spring-summer 19
7.1/16.1v summer-autumn 33
16.1v/28.vili autumn-winter 28

9.vii (1983)/
28.vii (1984) annual 4




pu ml !

Fig. 6/27 Temporal variations in the densities (pu ml ') of Gomphonema truncatum and

Fragilaria ulna in Lake Rotokauri, July 1983 to July 1984.
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Fig. 6/28 Temporal variations in densities (pu ml ') of Ankistrodesmus faleatus and
A. gracilis in Lake Rotokauri, July 1983 to July 1984.
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Fig. 6/29 Temporal variations in the densities (pu ml ') of Cryptomonas spp. and
Trachelmonas spp. in Lake Rotokauri, July 1983 to July 1984.
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Fig. 6/30 Temporal variations in the densities (pu ml ') of Ankistrodesmus bibraianus,
Monoraphidium contortwn and Mallomonas akrokomos in Lake Rotokauri, July 1983

in July 1984.
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6.1.7 Lake Rotomanuka North

6.1.7.1 Temporal Variations in Total Phytoplankton Density and

Biomass

Generally, total phytoplankton density peaked in winter and showed
little variation during the remainder of the year (range 144 to 1186;
mean 414 pu ml~! [n = 21])) (Fig. 6/31). The densities of the two
winter peaks were 1206 (4.8.83) and 1186 pu ml~! (26.7.84),
respectively, and with one exception, (526 pu ml~! [13.10.83],
densities were low throughout the remainder of the sampling period
(range 139 [1.9.83] to 362 puml™! [26.5.84]).

Total biomass ranged from 0.3 to 5.2 g m® (mean 1.7 g m® [n = 21])
(Fig. 6/32), and peaked once during each season (winter 1983, 1.5 g

m®; spring, 1.8 g m°; summer 1984, 3.1 g m*; and autumn 5.2 g m®).

6.1.7.2 Temporal Variations in the Composition of the Total

Phvtoplankton Standing Crop

Numerically, all classes generally displayed marked seasonality
(Fig. 6/31). The Chrysophyceae dominated the winter-spring 1983 and
late autumn-winter 1984 communities (maximum proportions 78 and 85%,
respectively). However, during the remainder of the sampling year,
dominance was shared between all other classes, excluding the
Zygophyceae, Cyanophyceae and Raphidophyceae. The highest diatom
proportion (23%) was recorded in early spring (1.9.83), prior to well-
developed stratification (Fig. 3/18). In contrast, the most important
period for both the Euglenophyceae (36%) and the Euchlorophyceae (31%)
was mid-summer (19.1.84 and 16.2.84, respectively), while for the
Cryptophyceae (35%) and Dinophyceae (32%) it was late summer and
autumn (2.3.84 and 14.4.84, respectively).

The major taxa also displayed marked seasonality in biomass (Fig.
6/32), although in comparison to total density, dominance during the
warmer months was less evenly distributed. The Dinophyceae was the
most important class throughout both winter-spring 1983 and mid-summer
to July 1984 (maximum proportions 90 and 93%, respectively). The
Euchlorophyceae and Cyanophyceae were the only other significant
classes; the former comprised 52, 49 and 36% of the community on
10.11.83, 5.1.84 and 2.2.84, respectively, while the latter was co-
dominant with the euchlorophytes in early summer (13.10.83 [38%] and

8.12.83 [39%]).



Fig. 6/31 Temporal variations in: (a) phytoplankton class composition, in terms of
abundance; (b) total number of pu ml l, in Lake Rotomanuka North, July 1983
to July 1984, The Ulothricophyceae and Xanthophyceae have been omitted
from this figure.
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Fig. 6/32 Temporal variations in: (a) phytoplankton class composition, in terms of
biomass; (b) total biomass (g ma), in Lake Rotomanuka North, July 1983 to
July 1984, The Diatomophyceae and Zygophyceae have been omitted from this
figure.
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6.1.7.3 Temporal Variations in Phytoplankton Species Diversity

Species richness was high in mid-summer 1984 (maximum 46 [5.1.84],
and generally markedly lower during the colder months (e.g., 20
[29.6.84] and 24 species [7.7.83]) (Table 6/18). The mean « diversity
was 33.8 + 8.4 (n = 21). Overall, the community displayed low species
continuity (Table 6/19). The cryptophytes, dinoflagellates and the
sole raphidophyte (Vacuolaria sp.) were the most consistent members of
the flora, in contrast to both the Euchlorophyceae and Diatomophyceae
which, despite high numbers of species, had low mean occurrences per
sample (10 [17%] and 5 [14%], respectively).

The Shannon-Wiener indices (Table 6/18) were both relatively high
and remarkably similar (range 2.88 to 3.84; mean 3.19 + 0.14 [n =
21]), except for three lower values in mid-winter. The increased
abundance of the Chrysophyceae (particularly Dinobryon cylindricum
[Fig. 6/31]) at the end of the sampling programme was largely
responsible for these low indices (1.67 [26.5.84], 0.97 [29.6.84], and
1.28 [26.7.84]).

6.1.7.4 Percentage Similarity of the Phytoplankton Communities

With few exceptions, consecutive communities were moderately
similar throughout the sampling year (mean 56% * 15 [n = 20]) (Table
6/20). The two most dissimilar periods (40%) occurred in early and
mid-summer (13.10.83/27.10.83 and 8.12.83/5.1.84, respectively), and
were largely due to major changes in the abundance of the chrysophytes
(particularly Dinobryon cylindricum) (Fig. 6/31). This class also was
largely responsible for high winter (1984) indices (26.5.84/29.6.84
[85%] and 29.6.84/26.7.84 [92%])). On a seasonal basis, communities
also displayed moderate similarity, excluding spring/summer (20%),
which coincided with both of the previously mentioned changes in

chrysophyte abundance (Table 6/20).

6.1.7.5 Species Periodicity

With the exception of the ubiquitous Cryptomonas spp., the major
phytoplankters displayed distinct seasonal periodicity. Both
Cyclotella stelligera and Dinobryon cylindricum had peak densities in
winter 1983 (74 [7.7.83) and 930 pu ml~' [4.8.83], respectively),
followed by rapid losses throughout early spring (Fig. 6/33). Although



TABLE 6/18 a diversity and Shannon-Wiener information index for each
sampling date in Lake Rotomanuka North, July 1983 to July

1984.
Date a Diversity Shannon-Wiener Information
s d Index
1983
7.vii 24 8.73 2.74
4.viii 39 12.66 3.24
1.ix 29 13.52 2.88
29.1ix 27 11.08 3.74
13.x 45 16.43 3.73
27.x 31 12.95 3.72
10.xi 37 15.06 3.72
24.xi 36 14.51 3.62
8.xi1 44 17.51 3.84
1984
5.1 47 18.74 3.71
19.1 44 17.57 3.65
2.11 37 15.53 3.77
16.11i 37 14.81 3.59
2.111 27 12.51 3.36
15.1i1 46 17.89 3.56
29.111 26 10.96 3.44
14.iv 21 8.27 3.34
29.1iv 35 14.52 3.45
26.v 26 10.16 1.67
29.vi 20 7.02 0.97
26.vii 32 10.41 1.28




TABLE 6/19 Variation in the number of species (plus varieties) per 1
ml aliquot in Lake Rotomanuka North, July 1983 to July

1984.
Number of Species
Taxon Maximum Minimum Mean + 1 SD Total
(n = 21)

CHLOROPHYTA

Euchlorophyceae 16 5 9.6 + 3.4 60

Ulothricophyceae 1 0 0.09 + 0.3 1

Zygophyceae 8 1 3.3 + 1.8 26
CHROMOPHYTA

Chrysophyvceae 6 0 2.4 + 1.8 13

Diatomophyceae 12 1 5.1 =+ 3.1 35

Xanthophyceae 2 0 0.2 + 0.5 2
CYANOPHYTA

Cyvanophyceae 6 0 2.9 + 1.7 23
EUGLENOPHYTA

Euglenophyceae 11 1 5.1 + 3.7 31
PYRRHOPHYTA

Cryptophyceae 0 3 2.1 + 0.6 3

Dinophyceae 5 2 3.3 + 0.9 8
RAPHIDOPHYTA

Raphidophyceae 1 0 0.9 + 0.4 1
ALL SPECIES 47 20 33.8 +* 8.4 203




TABLE 6/20 Percentage similarity

specified phytoplankton
North, July 1983 to July 1984.

indices of

communites

consecutive
in Lake

and other
Rotomanuka

Dates Community Type Percentage Similarity
Index
1983
7.vii/4.viii consecutive 58
4.viii/1l.ix " 45
1.ix/29.ix " 44
29.ix/13.x% " 49
13.x/27.x% " 40
27.x/10.x1 " 56
10.xi/24.xi " 47
24.xi/8.xi1 " 46
8.x1i/5.1 " 40
1984

5.i1/19.1 " 45
19.i/2.11i " 53
2.11/16.11i " 44
16.1i/2.1i1i " 63
2.1i1i/15.1i1i " 71
15.1ii/29.1iii " 69
29.1ii1i/14.1iv " 66
14.iv/29.iv " 45
29.iv/26.v " 56
26.v/29.vi " 85
29.vi/26.vii " 92
7.vii/13.x winter-spring 48
13.x/5.1 spring-summer 20
5.i/29.1iv summer-autumn 53
29.iv/26.vi1l autumn-winter 49
7.vii (1983)/
26.vii (1984) annual 52




Fig. 6/33
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Temporal variations in the densities (pu ml ') of Trachelomonas volvocina,
Botryococcus brauniti, Cyclotella stelligera, and Dinobryon cylindricum in
Lake Rotomanuka North, July 1983 to July 1984.
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the former was a permanent member of the community, no further pulses
were recorded, and subsequent to its initial decline, its density did
not exceed 20 pu ml™!. In marked contrast, Dinobryon cylindricum,
although not found throughout mid- and late summer 1984, increased in
abundance throughout late autumn and early winter (maximum density
9972 pu ml™? [26.7.84]). '

Both Botryococcus braunii and Trachelomonas volvocina had maximal
densities (65 [5.1.84] and 98 pu ml~! [19.1.84], respectively) in
summer 1984 (Fig. 6/33). Peridinium cinctum had one minor pulse (61 pu
ml™') in summer (19.1.84) (Fig. 6/34), and its maximum density (100 pu
ml™!) was recorded in late autumn (14.4.84).

The cryptomonads (Cryptomonas marssonii and C. ovata) displayed
little seasonality (Fig. 6/34), with peaks of abundance occurring in
winter 1983 (90 pu ml™!), and both early and late summer 1984 (79 and
118 pu ml~ !, respectively).

6.1.8 Lake Rotomanuka South

6.1.8.1 Temporal Variations in Total Phytoplankton Density and

Biomass

Despite a wide range in total density (755 [15.3.84] to 19,777 pu
ml~! [24.11.83]), the community appeared remarkably stable for lengthy
periods (Fig. 6/35). An exceptionally high total density (due almost
entirely to a sharp increase in numbers of Closterium acutum var.
variabile) was recorded in November 1983. Mean densities, including
and excluding this sample, were 3109 and 1919 pu ml~!, respectively.

In contrast, total biomass (Fig. 6/36) gradually increased
throughout both summer and autumn, peaking (because of a bloom of
Microcystis aeruginosa) on 14.4.84 (92.4 g m®). Minimum biomass (3.7 g
m®) was recorded in early summer (27.10.83); the mean was 32.3 g m® (n

= 15).

6.1.8.2 Temporal Variations in the Composition of the Total

Phytoplankton Standing Crop

Quantitatively, the community displayed three distinct phases:
first, a spring-early summer period of zygophycean domination (maximum

proportion 98% [24.11.83]); secondly, a mid-summer to late autumn
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Fig. 6/34 Temporal variations in the densities (pu ml_l) of Cryptomonas spp. and

Peridinium cinctum in Lake Rotomanuka North, July 1983 to July 1984,
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Fig. 6/35 Temporal variations in: (a) phytoplankton class
composition, in terms of abundance; (b) total number
of puml ! x 103, in Lake Rotomanuka South, October 1983
to July 1983, The Dinophyceae and Xanthophyceae have
been omitted from this figure.
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cyanophycean phase (mean proportion 79 + 16% [n = 8]; and thirdly, a
winter period when chrysophytes were dominant (45 [29.6.84] and 25%
[26.7.84)), although some other classes were also important at this
time (Fig. 6/35).

In terms of total biomass, the seasonal pattern was very simple
(Fig. 6/36), because of the remarkably high cyanophyte proportions
throughout the entire period (range 57 to 99.9%) (Plate 9; following
p. 23). The Euglenophyceae and Zygophyceae were only significant in
early summer (24.11.83 [16 and 25%, respectively]), but were still
sub-dominant to the Cyanophyceae. The Dinophyceae, although comprising
21% of the mid-winter (26.7.84) standing crop, was rarely found during

the remainder of the sampling period.

6.1.8.3 Temporal Variations in Phytoplankton Species Diversity

The Shannon-Wiener index (Table 6/21) was markedly variable
throughout the sampling period (range 0.14 [24.11.83] to 3.66
[26.7.84]; mean 2.04 + 0.85). High densities of Closterium acutum var.
variabile and Microcystis aeruginosa were responsible for low indices
on 24.11.83 and 22.12.83 (0.14 and 1.45, respectively), and also
throughout late summer and autumn 1984 (1.32 to 1.8, respectively).
Conversely, values were higher in winter than at any other time.

The total number of species per sample varied greatly (Table
6/21), with the minimum number (7) coinciding with the lowest
phytoplankton density (15.3.84) (Fig. 6/35). Relatively high numbers
were found during both cold and warmer periods; for example, 35 and 32
species were recorded on 8.12.83 and 26.7.84, respectively. Numbers of
species within each class also varied considerably. With the exception
of the Diatomophyceae and the Cyanophyceae, all classes lacked
representation on at least one occasion, including the Euchlorophyceae

(total species 35). The mean number of species per sample was 23.7 *

6.7 (Table 6/22).

6.1.8.4 Percentage Similarity of the Phytoplankton Communities

The percentage similarity indices (Table 6/23) reflect the three
consecutive phases of domination by the Zygophyceae, Cyanophyceae and
Chrysophyceae (Chapter 6.8.2). Indices for the first five consecutive
communities (13.10.83 to 22.12.83) ranged from 65 to 80%, coincident
with domination by the zygophyvtes. The lowest index (16%



TABLE 6/21 a diversity and Shannon-Wiener information index for each
sampling date in Lake Rotomanuka South, October 1983 to

July 1984.
Date a Diversity Shannon-Wiener Information
S d Index
1983
13.x%x 27 8.47 2.83
27.x 23 6.85 1.95
24 .x1 16 3.72 0.14
8.xii 35 9.67 2.09
22.x11 26 6.85 1.45
1984
19.1 20 6.92 2.55
16.11 26 8.98 2.02
2.1i11 20 6.21 1.67
15.1i11i 7 2.43 1.32
29.11i1 24 7.49 1.71
14.iv 27 8.47 1.55
29.1v 23 7.16 1.80
26.v 21 7.08 2.63
29.vi 28 8.93 3.20
26.vii 32 10.01 3.66




TABLE 6/22 Variation in the number of species (plus varieties) per 1
ml aliquot in Lake Rotomanuka South, October 1983 to July

1984.
Number of Species
Taxon Maximum Minimum Mean + 1 SD Total
(n = 15)

CHLOROPHYTA

Euchlorophyceae 11 0 6.5 + 3.2 35

Zygophyceae 8 0 3.5+ 1.8 17
CHROMOPHYTA

Chrysophyceae 4 0 1.7 + 1.5 5

Diatomophyceae 15 3 6.1 = 3.1 28

Xanthophyceae 1 0 0.1 =+ 0.3 1
CYANOPHYTA

Cyanophyceae 4 1 2.7 + 0.9 15
EUGLENOPHYTA

Euglenophyceae 4 0 1.9 ¢+ 1.1 14
PYRRHOPHYTA

Cryptophyceae 2 0 0.8 =+ 0.6 2

Dinophyceae 3 0 0.4 + 0.9 3
ALL SPECIES 35 7 23.7 £+ 6.7 120




TABLE 6/23 Percentage similarity indices of consecutive and other
specified phytoplankton communites in Lake Rotomanuka
South, October 1983 to July 1984.

Dates Community Type Percentage Similarity
Index
1983
13.x/27.x consecutive 73
27.x/24 .xi " 65
24.x1/8.x%ii " 71
8.x11/22.xi1 " 80
22.x11/19.1 " 16
1984
19.1/16.11i " 58
16.1i/2.1i1 " 54
2.111/15.1i1 " 58
15.1i1/29.1i1i " 86
29.1ii/14.iv " 74
14.iv/29.iv " 77
29.1v/26.v " 71
26.v/29.vi " 31
29.vi/26.vii " 44
13.%x/19.1 spring-summer 27
19.1/29.1iv summer-autumn 51

29.iv/26.viii autumn-winter 17
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[22.12.83/19.1.84]) marks an intermediate point between phase one and
two. Throughout the period of cyanophyte dominance (19.1.84 to
26.5.84) the indices ranged from 54 to 86% (mean 68 * 11% [n = 7]).
Similarity during the chrysophycean phase (26.5.84/26.7.84) was
markedly lower (31 and 44%) than during the previous periods, because
of increased contributions of other classes, particularly the

Cryptophyceae and the Euchlorophyceae. The mean index was 61 * 20%.

6.1.8.5 Species Periodicity

The absence of major euchlorophytes, despite their high species
representation (Table 6/22), was the most conspicuous feature of the
seasonal dynamics of this community. The dominant phytoplankter
throughout late spring and early summer was Closterium acutum var.
variabile. Its initial density was 748 pu ml™! and its maximum (19,364
pu ml~!) was recorded in early summer (24.11.83) after a period of
very rapid increase (Fig. 6/37). Its densities were low throughout
both mid-summer and autumn, but were increasing when sampling ceased
(132 pu ml™?! [26.7.84]). The maximum density (96 pu ml~!) of
Staurastrum sp. C, the only other important zygophyte, also was
recorded in early summer (27.10.83), but neither of these desmids was
a permanent member of the community.

Maxima of Trachelomonas spp. (T. planctonica and T. volvocina),
Cryptomonas spp. (C. erosa and C. ovata) and the major diatoms,
rapidly followed those of the desmids (Fig. 6/38). Peaks of
Trachelomonas spp. (484 pu ml™') and cryptomonads (138 and 200 pu
ml~ ', respectively) coincided on 8.12.83, prior to general declines
throughout the remainder of summer. Cryptomonas erosa was not found
again, unlike C. ovata, which increased in abundance throughout autumn
and winter 1984.

Peak densities of Tabellaria flocculosa, Cyclotella stelligera and
Acanthoceras zachariasi (100, 156, and 124 pu ml~?, respectively) were
recorded in late December 1983, but densities decreased in mid-summer,
and these species were either not found, or were of minor importance,
during the remainder of the sampling period (Fig. 6/39).

The late summer-autumn communities were dominated by Anabaena

tenericaulis and Microcystis ageruginosa (maximal densities 1024



Fig. 6/37

Temporal variations in the densities (pu ml ') of
Closterium acutum var. variabile and Staurastrum sp. A

3 in Lake Rotomanuka South, October 1983 to July 1984.
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Fig. 6/38 Temporal variations in the densities (pu ml }) of Trachelomonas
volvoeina, T. planctonica, Cryptomonas ovata and C. erosa in Lake
o Rotomanuka South, October 1983 to July 1984.
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Fig. 6/39 Temporal variations in the densities (pu ml_l) of
Cyclotella stelligera, Acanthoceras zachariasi and
Tabellaria flocculosa in Lake Rotomanuka South,
October 1983 to July 1984.
o
10
Key:
1. = Cyclotella
b stelligera
- 2. = Acanthoceras
E zachariast
3
[=9)
- 2 4 3. = Tabellaria
flocculosa
10—
3




88

[2.3.84] and 1224 pu ml™' [29.4.84], respectively) (Fig. 6/40). The
former was not found in the 1983 samples, in contrast to M.
aeruginosa, which was a permanent member of the community (minimum
density 20 pu ml™1).

The winter phase was dominated by Synura uvella and Dinobryon
cylindricum. Both were present in the October-November 1983 samples,
but were not found from mid-summer to June 1984. Their highest
densities were 564 (29.6.84) and 208 pu ml~! (26.7.84), respectively
(Fig. 6/40).

6.1.9 Lake Rotoroa

6.1.9.1 Temporal Variations in Total Phytoplankton Density and

Biomass

With the exception of a large, sharp increase in late spring-early
summer, phytoplankton densities showed only small-scale changes, and
thus no evidence of seasonality (Fig. 6/41). Total density ranged from
276 (1.5.84) to 13,552 pu ml™! (15.10.84) (mean 1913 pu ml™' [n =
22]).

Total biomass ranged from 0.3 to 5.1 g m® (mean 1.8 [n = 22])
(Fig. 6/42) and also increased markedly in early summer (5.1 g m®
[1.10.83]). Two smaller peaks were recorded in mid-summer (4.7 g m®

[7.1.84]) and winter (2.6 g m® [31.6.84]).

6.1.9.2 Temporal Variations in the Composition of the Total

Phytoplankton Standing Crop

Numerically, the annual cycle consisted of long phases of
relatively equal proportions of the majority of classes, briefly
interrupted by phases of domination by only one (Fig. 6/41). The
Chrysophyceae dominated the community on three occasions (58%
[9.7.83], 69% [12.11.83] and 66% [31.6.84]), albeit for short periods,
the Euchlorophyceae during early summer (87% [15.10.83] and 86%
[29.10.83]), and the Cyanophyceae was the most important class in
autumn (51% [16.4.84]).

In contrast, the Dinophyceae accounted for most of the biomass
throughout the entire year (range 45 [10.12.83] to 95% [7.1.84]) (Fig.
6/42). However, with the exception of the Zygophyceae, Xanthophyceae
and Cyanophyceae, all other classes were sub-dominants at some stage.
The maximum proportions of the Euchlorophyceae, Chrysophyceae and

Diatomophyceae were 26% (28.5.84), 36% (12.11.83) and 25% (24.12.83),
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Fig. 6/40 Temporal variations in the densities (pu ml 1y of Synura
wvella, Dinobryon cylindricum, Microcystis aeruginosa
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Fig. 6/41

Temporal variations in: (a) phytoplankton class composition, in terms of
abundance; (b) total number of pu ml~ ! x 10%, in Lake Rotoroa, July 1983
to July 1984. The Ulothricophyceae and Xanthophyceae have been omitted
from this figure.
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Fig. 6/42 Temporal variations in: (a) phytoplankton class composition, in terms of
biomass; (b) total biomass (g ma), in Lake Rotoroa, July 1983 to July 1984.
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respectively. The euglenophytes and cryptophytes (maximum proportions
23 and 17%, respectively) were most important after the decline of the
major biomass peak (24.12.83 and 10.12.83, respectively). The
Xanthophyceae, although generally unimportant in all other study

lakes, comprised 9% of the community on 4.2.84.

6.1.9.3 Temporal Variations in Phytoplankton Species Diversity

Species richness ranged from 15 (28.7.84) to 35 (10.12.83) and,

with one exception (16 species [29.10.83]), numbers of species were
high throughout summer and declined during the colder months of 1984
(Table 6/24). The highest Shannon-Wiener indices (Table 6/24) were
recorded from mid-summer to autumn (particularly 24.12.83 to 1.5.84),
with the maximum (3.83) coinciding with a period when, in terms of
abundance, the highest proportion of any class was 26%. The high
proportions of the Euchlorophyceae in early summer (86% [29.10.83] and
87% [15.10.83]), were largely responsible for low indices at that time
(0.72 and 0.81, respectively). The mean index was 2.7 + 0.8 (n = 22).
Despite high numbers of both euglenophyte and diatom species, their
mean numbers per sample were relatively low (Fig. 6/25), with
crvptophytes and dinoflagellates displaying much greater species

continuity. The mean number of species per sample was 25.7 + 5.9 (n =

22).

6.1.9.4 Percentage Similarity of the Phytoplankton Communities

The episodic nature of the phytoplankton communities is reflected
in a low mean percentage similarity index (45 + 16%). The highest
value (93% [15.10.83/29.10.83) occurred when the euchlorophyte
proportions were both high and almost identical (87 and 86%,
respectively [Fig. 6/41]). However, other consecutive communities did
not display such a marked degree of similarity (Table 6/26). For
example, the second highest index was only 61% (21.1.84/4.2.84). Low
indices (23, 25 and 26%), coincided with periods of change from a
reasonably equal distribution of numbers to dominance by one taxon (or

vice versa) (31.6.84/28.7.84, 29.10.83/12.11.83 and 31.3.84/16.4.84,

respectively).



TABLE 6/24 a divgrsity and Shannon-Wiener information index for each
sampling date in Lake Rotoroa, July 1983 to July 1984.

Date a Diversity Shannon-Wiener Information

S d Index
1983
9.vii 25 7.78 2.24
6.viii 32 11.62 2.88
3.ix 24 8.68 2.71
1.x 23 6.41 2.27
15.x 24 6.06 0.81
29.x 16 4.49 0.72
12.xi 23 8.43 1.50
26 .x1 26 8.30 2.66
10.xi1 35 12.42 2.67
24.xi1 31 11.00 3.35
1984

7.1 31 11.47 3.56
21.1 29 9.81 2.87
4.i1 30 9.36 3.11
18.11 31 10.76 3.35
27.11 32 11.66 3.83
17.111 33 12.37 3.93
31.1i1i 25 9.51 3.24
16.1v 22 7.78 3.19
1.v 17 6.96 3.17
28.v 24 9.42 2.69
31.vi 17 5.67 1.90
28.vii 15 6.01 2.82




TABLE 6/25

Variation in the number of species (plus varieties) per 1
ml aliquot in Lake Rotoroa, July 1983 to July 1984.

Number of Species

Taxon Maximum Minimum Mean =+ 1 SD Total
(n = 22)

CHLOROPHYTA

Euchlorophyceae 13 3 7.3 + 2.8 42

Ulothricophyceae 1 0 0.05 + 0.2 1

Zygophyceae 9 2 4.2 + 1.9 24
CHROMOPHYTA

Chrysophyceae 5 1 2.4 + 1.1 9

Diatomophyceae 11 1 5.2 + 2.5 31

Xanthophyceae 1 0 0.8 + 1.0 3
CYANOPHYTA

Cyanophyceae 5 0 1.5 +# 1.2 15
EUGLENOPHYTA

Euglenophyceae 4 0 2.0 + 1.2 18
PYRRHOPHYTA

Cryptophyceae 3 0 2.0 + 0.6 3

Dinophyceae 4 1 2.6 + 0.7 5
ALL SPECIES 35 15 25.7 + 5.9 151




TABLE 6/26 Percentage similarity

indices

of

specified phytoplankton communites
1983 to July 1984.

consecutive

and other

in Lake Rotoroa, July

Dates Community Type Percentage Similarity
Index
1983
9.vii/6.viii consecutive 44
6.viii/3.ix " 60
3.ix/1.x " 38
1.x/15.x " 58
15.x/29.x " 93
29.x/12.xi " 25
12.xi/26.xi " 52
26.x1/10.x1 " 31
10.xii/24.xi1i " 40
24.xii/7.1 " 39
1984
7.1/21.1 " 54
21.1/4.11 " 61
4.11/18.11i " 56
18.1i/27.1i " 42
27.11/17.11i " 50
17.1i1/31.1i1i " 53
31.111/16.iv " 26
16.iv/i.v " 30
1.v/28.v " 40
28.v/31.vi " 40
31.vi/28.vii " 23
9.vii/15.x winter-spring 7
15.x/7.1 spring-summer 44
7.i/16.1iv summer-autumn 26
16.iv/28.vii autumn-winter 22
9.vii(1983)/
28.vii (1984) annual 15
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6.1.9.5 Species Periodicity

Patterns of abundance of the major species were generally
complicated, and characterised by short, sporadic density changes.
Initially, Cyclotella stelligera (Fig. 6/43) and Dinobryon cylindricum
(Fig. 6/44) were the dominant species. The former, after a ma jor peak
(459 puml™?) on 9.7.83, maintained relatively high densities
throughout early spring before undergoing major losses in October
1983. Throughout summer its pattern was one of marked instability,
featuring two further periods of relatively high densities (334
[12.11.83] and 380 pu ml~! [4.2.84], followed immediately by sudden
declines, and it remained unimportant throughout autumn and winter
1984. D. cylindricum also displayed an unstable cycle, its density
ranging from 10 (28.7.84) to 2512 pu ml™' (12.11.83), but more
importantly, its abundance peaks were not confined to particular
seasons (451 pu ml™', 9.7.83; 2512 pu ml™', 12.11.83; 358 pu ml™',
4.2.84; and 656 puml™!, 3.6.84). D. bavaricum also displayed marked
phases of both accelerated growth and decline (Fig. 6/44).

Two of the major summer species, Tetrastrum triangulare and
Oocystis lacustris, had broadly similar patterns of abundance, albeit
at different scales (Fig. 6/45). The maximum density of T. triangulare
(11,704 pu ml~!) was recorded on 15.10.83, after which time it
gradually declined (36 puml™! [7.1.84]). A minor upsurge (182 pu ml~
1) was recorded in mid-summer, but its abundance was low throughout
the remainder of the sampling period. The density of 0. lacustris also
fluctuated rapidly, and its major peaks (82 and 76 pu ml~!) were
recorded on 1.10.83 and 4.2.84, respectively.

Closterium acutum var. variabile, a permanent member of the
community (Fig. 6/44), had its maximum density (207 pu ml™') in mid-
summer but, like other major phytoplankters, displayed peaks of
abundance throughout the entire year (166 pu ml~! [1.10.83]; 170 pu
ml~! [10.12.83]; 207 puml™!, [21.1.84]; and 88 pu ml™' [1.6.84]).

The annual periodicities of Cryptomonas spp. (C. marssonii and C.
ovata), Peridinium spp. (P. cinctum and P. sp. A) and Trachelomonas

spp. (T. planctonica and T. volvocina) also were characterised by



Fig. 6/43 Temporal variations in the demsities (pu ml ') of Cyclotella stelligera,
Cryptomonas spp., Peridinium spp. and Trachelomonas spp. in Lake Rotoroa,
July 1983 to July 1984.
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Fig. 6/44 Temporal variations in the densities (pu ml !) of Closterium acutum var.
variabile, Dinobryon cylindricum and D. bavaricum in Lake Rotoroa, July
1983 to July 1984.
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Fig. 6/45 Temporal variations in the densities (pu ml ') of Tetrastrum triangulare and
Oocystis lacustris in Lake Rotoroa, July 1983 to July 1984.
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short, sharp pulses and showed little evidence of seasonality (Fig.
6/43). Maximum densities of both Cryptomonas spp. and Trachelomonas
spp. (324 and 84 pu ml™', respectively), were recorded immediately
after the period of maximum total phytoplankton density in late
spring-early summer (Fig. 6/41), but their densities fluctuated
markedly throughout the remainder of the sampling programme. In broad
terms, Peridinium spp. were a less ephemeral component of the
community during winter and early spring (mean density 62 pu ml™!
[9.7.83 to 29.10.83] [n = 6]), than at any other time, although their

highest density (114 pu ml~!) was recorded in mid-summer (7.1.84).

6.2 SEASONAL DYNAMICS

Comparisons of temporal variations in the composition of the

phytoplankton standing crops of the nine study lakes show that there
were major differences in the seasonal dynamics of the various
communities. In general, three temporal patterns were evident:
dominance by one (sometimes two) class/es throughout the entire year;
a series of brief, unpredictable periods of domination by successive
taxa; and marked seasonality.

The first pattern was evident in Lakes Maratoto (Group I), Kainui
(Group II), Ngaroto and Rotomanuka South (Group IV), the four lakes
with both the highest mean total phytoplankton biomasses (Chapter
7.1.1) and, not unexpectedly, the highest concentrations of dominance
(Chapter 5.4); the key taxa were Euchlorophyceae (Botryococcus
braunii), Zygophyceae (Staurodesmus spp.) and Cyanophyceae
(Microcystis aeruginosa), respectively. However, the absence of marked
inter-group similarities, in terms of their dominant class/es, is
noteworthy. Furthermore, while the Cyanophyceae was a major class in
both Group IV lakes, these two communities differed with regard to
their second dominant taxon (Diatomophyceae, Lake Ngaroto [Fig. 6/19];
Zygophyceae, Lake Rotomanuka South [Fig. 6/35]).

The mean PScs of consecutive communities of these four lakes were
higher than those of other study lakes (grand mean 65 * 6%), a further
indication of the less ephemeral nature of their communities. In
addition, except for Lake Ngaroto, their mean numbers of species per

sample and mean Shannon-Wiener indices, were also lower than others
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(grand means 21.1 + 2.5 and 1.5 + 0.4, respectively).

In contrast, the dominant taxa in Lakes Mangahia (Group I),
Mangakaware (Group II), Rotokauri and Rotoroa (Group III), generally
changed frequently and unpredictably throughout the entire year, their
populations appearing to operate on truncated time scales. Again, in
terms of dominant taxa, there were few signs during any particular
season of compositional similarity, at either the inter- or intra-
group level. The brevity and episodic nature of these associations are
evidenced by a low grand mean PSc of consecutive communities (43 %
13%) and, not unexpectedly, the grand mean Shannon-Wiener index was
higher than that of the previous four lakes (2.7 * 0.7), as was the
mean number of species per sample (28.9 * 6.2).

Marked seasonal periodicity, however, was clearly evident in Lake
Rotomanuka North (Group III). Here the dominant taxa were those of
Reynolds’ typical mesotrophic sequence (Chapter 7.2), and both diatoms
and euchlorophytes, although numerically less important, displayed the
expected increases during late winter and early summer, respectively.
Seasonal stability of the thermal regime (Chapter 3.1) permitted
several periods of very similar community composition, which explains
the high mean Shannon-Wiener Index (32). The mean number of species
per sample (33.8) was relatively high, and once more may be attributed
to an increased niche potential during marked stratification (as in
Chapter 5).

Results of clustering presence-absence data on a seasonal basis
(winter, July 1983; spring, October 1983; summer, January 1984; and
autumn, April 1984) (Figs. 6/46 and 6/47) also reflect low overall
similarity between lakes at both the inter- and intra-group levels.
The low similarity between the Lake Rotokauri community and others,
despite its high o« diversity (Chapter 4.1.6.1), is especially
noteworthy. The associations of Lakes Rotomanuka North and Rotoroa

(Group III) were consistently the most alike, but similarity was still

low.

6.3 PHYTOPLANKTON STRATEGIES

while the population sizes of some phytoplankters remained

remarkably constant throughout the sampling period, the majority
displayed distinct fluctuations. In order to interpret the ecological
significance of these variations in life cycle strategy, the C.V. and

SK of the ten most abundant species per study lake were calculated.
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Fig. 6/46 Dendrograms of presence-absence data (Coefficient of
community) of the nine* study lakes from winter and
spring samples 1983 (* winter sample omits RMS).
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These two statistics showed a highly significant correlation, with r
ranging from 0.71 (p < 0.05) (Lake Maratoto) to 0.86 (p = < 0.01)
(Lake Mangakaware) (log transformed data) (Tables 6/27 to 6/35).

The abundance distribution of the majority of these species was
skewed, with 72% of their SKs > 1.5. Eleven of these species (23%)
displayed very pronounced skew and, of these, the SKs of five were > 3
(Chlamydomonas sp. C, Closterium acutum var. variabile, Dinobryon
cylindricum, and Anabaena tenericaulis), while those of a further six
species were > 4. The latter were either small greens (Monoraphidium
contortum, M. tortile, Rhombocystis complanata and Scenedesmus
quadricauda) or chrysophytes (Mallomaonas akrokomos and Synura
uvella).

A few species exhibited low SKs. For example, Cryptomonas spp. (C.
marssonii and C. ovata) and Trachelomonas spp. (T. planctonica, T.
playfairi and T. volvocina) had mean SKs of 1.6 + 0.4 (n = 8) and 2.0
+ 0.8 (n = 7), respectively. Some other large species, although
scoring as one of the ten most abundant phytoplankters in fewer lakes,
also had consistently low SKs: Microcystis aeruginosa, 1.6 in both
Lakes Ngaroto and Rotomanuka South; Botryococcus braunii, 1.5 and 1.7
in Lakes Rotomanuka North and Maratoto, respectively; and Peridinium
cinctum, 1.5 and 1.7 in Lakes Rotoroa and Rotomanuka North,
respectively. Desmids generally displayed less skew than many other
abundant species, making up 46% of the species with SKs less than 1.5.
However, Closterium acutum var. variabile, one of the ten most
abundant phyvtoplankters in all study lakes, except Rotokauri,
displaved a particularly wide range of SKs (1.4 [Lakes Ngaroto and
Rotoroal to 3.6 [Lake Kainuil; mean 2.3 + 0.9), suggesting that wide
tolerance limits and a flexible life history strategy are key aspects

of its autecology.

6.4 DISCUSSION

In Lake Rotomanuka North, an autogenic succession comprising
euchlorophytes (largely Monoraphidium spp. lgenerally M. contortum and
M. tortilel) > euglenophytes (Trachelomonas volvocina) >

dinoflagellates (Peridinium spp. |[largely P. cinctum]) (Fig. 6/31) was



TABLE 6/27 Mean density (pu ml™ '), coefficient of variation (C.V.)
and skewness statistic (SK) of each of the ten most
abundant phytoplankton species in Lake Kainui, July 1983
to July 1984 (n = 20).

Taxon Mean Density Standard C.V.x* SK*

(pu m1™1) Deviation (%)
Staurodesmus spp. 5192.0 6538.0 125 1.4
Staurastrum sp.C 2863.1 3541.6 124 1.2
Closterium acutum 991.0 2446.8 247 3.6

var. variabile

Staurastrum 918.1 1916.6 209 2.0
brachiatum

Scenedesmus 595.3 1761.4 296 3.2
quadricauda

Staurastrum 220.7 269.6 122 1.4
chaetopus?

Staurastrum 211.3 544 .3 257 2.7
arcuatum

Ankistrodesmus 124.6 360.5 289 3.2
gracilis

Ankistrodesmus 102.5 238.9 233 2.6
bibraianus

Cryptomonas 65.3 57.9 89 1.8
spp .

* r = 0.913; p < 0.001 (log transformed data)




TABLE 6/28 Mean density (pu ml™ '), coefficient of variation (C.V.)
and skewness statistic (SK) of each of the ten most

abundant phytoplankton species in Lake Mangahia, July 1983
to July 1984 (n = 22).

Taxon Mean Density Standard C.V.x* SK*
(pu ml™1) Deviation (%)

Aulacosira distans 2284.7 3467.5 152 2.2
Closterium acutum 1508.2 3734.1 247 2.6
var. variable
Chlorella sp. 1034.7 3733.0 360 3.6
Aulacosira granulata 345.7 849.9 246 2.9
var. angustissima
Trachelomonas 330.0 480.7 144 1.9
volvocina
Closterium gracile 181.9 384.4 211 3.3
Scenedesmus 110.0 152.3 138 2.4
quadricauda
Cryptomonas spp. 91.2 144.3 165 2.0
Raphidocelis 63.2 108.2 158 1.8
contorta
Monoraphidium 63.2 123.3 199 3.1
tortile

* r = 0.794; p < 0.02 (log transformed data)




TABLE 6/29 Mean density (pu ml™!), coefficient of variation (C.V.)
and skewness statistic (SK) of each of the ten most

abundant phytoplankton species in Lake Mangakaware, July
1983 to July 1984 (n = 21).

Taxon Mean Density Standard C.V.x* SK*
(pu ml™1) Deviation (%)

Monoraphidium 1346.1 5964.0 443 4.0
contortum
Acanthoceras 541.7 1353.2 250 2.8
zachariasi
Trachelomonas spp. 399.5 1026.1 257 3.8
Asterionella 380.1 1063.5 280 3.0
formosa
Monoraphidium 376.3 1702.9 453 4.0
tortile
Closterium acutum 286.5 306.0 107 1.8
var. variabile
Dinobryon 227.4 466.8 205 2.0
cylindricum
Dictyosphaerium 179.0 538.3 301 2.8
subsolitarium?
Palmodictyon viride 149.3 684.3 458 3.6
Rhombocystis 140.7 639.6 454 4.0

complanata

x r = 0.862; p < 0.01 (log transformed data)




TABLE 6/30 Mean density (pu

and skewness

ml™1),
statistic

coefficient
(SK) of each

of variation (C.V.)

of the

ten most

abundant phytoplankton species in Lake Maratoto, July 1983
to July 1984 (n

20).

Taxon Mean Density Standard C.V.x* SK*
(pu ml™1) Deviation (%)

Botryococcus 3050.5 2931.6 83 1.7
braunii
Chlamydomonas sp. C 2516.8 11055.1 439 3.8
Closterium acutum 514.7 709.9 138 3.2
var. variabile
Monoraphidium 159.9 520.0 325 3.3
tortile
Tabellaria 90.2 109.4 121 2.4
flocculosa
Cryptomonas spp. 86.0 79.8 93 1.3
Closterium gracile 71.2 173.4 243 2.3
Trachelomonas spp. 42.6 75.3 176 2.1
Staurastrum sp. B 25.0 35.2 141 2.9
Staurastrum inflexum 18.1 18.8 103 1.2

xr = 0.709; p < 0.05 (log transformed data)




TABLE 6/31 Mean density (pu ml™'), coefficient of variation (C.V.)
and skewness statistic (SK) of each of the ten most
abundant phytoplankton species in Lake Ngaroto, July 1983
to July 1984 (n = 21).

Taxon Mean Density Standard C.V.x SK*
(pu ml1™1) Deviation (%)

Aulacosira granulata 2413.1 1887.2 78 1.7

var. angustissima

Scenedesmus 590.0 1617.5 274 4.0

quadricauda

Microcystis 402.0 457.9 114 1.6

aeruginosa

Anabaena 333.2 608.3 183 3.4

tenericaulis

Trachelomonas 186.8 145.3 163 2.2

volvocina

Monoraphidium 166.4 162.7 98 2.6

contortum

Chroococcus 138.9 312.1 225 2.1

limneticus

Anabaena circinalis 136.3 331.7 243 2.7

Closterium acutum 117.0 84.2 72 1.4

var. variabile

Asterionella formosa 93.3 127.5 137 1.9

* r =

0.804, p < 0.01 (log transformed data)




TABLE 6/32 Mean density (pu ml™'), coefficient
and skewness
abundant phytoplankton species in
1983 to July 1984 (n = 22).

statistic (SK) of ea

of variation (C.V.)

ch
Lake

of

the

ten most

Rotokauri, July

Taxon Mean Density Standard C.V.x* SK*
(pu ml™1) Deviation (%)

Mallomonas 73.8 344.0 466 4.3
akrokomos
Ankistrodesmus 63.0 103.3 164 1.7
bibraianus
Cryptomonas spp. 41.3 35.8 87 1.3
Trachelomonas spp. 37.6 61.5 163 1.3
Ankistrodesmus 28.9 62.5 216 2.1
gracilis
Ankistrodesmus 27.9 39.4 141 1.8
falcatus
Monoraphidium 26.7 39.9 149 2.0
contortum
Scenedesmus 25.2 43.1 171 2.2
acutiformis
Synura uvella 23.9 69.6 291 2.7
Acanthoceras 22.4 49.1 219 2.0

zachariasi

*x r = 0.824; p < 0.01 (log

transformed data)




TABLE 6/33 Mean density (pu ml™!), coefficient of variation (C.V.)
and skewness statistic (SK) of each of the ten most
abundant phytoplankton species in Lake Rotomanuka North,
July 1983 to July 1984 (n = 21).

Taxon Mean Density Standard C.V.x* SK*
(pu ml™1) Deviation (%)

Dinobryon 139.8 295.8 176 2.2
cylindricum
Cryptomonas spp. 46.7 31.1 66 1.4
Peridinium cinctum 26.4 25.9 98 1.7
Botryococcus 18.6 18.9 101 1.5
braunii
Trachelomonas 17.9 25.8 143 2.1

volvocina

Cyclotella 17.3 16.4 94 2.4
stelligera

Closterium acutum 10.5 6.6 63 1.5
var. variabile

Synura uvella 8.6 21.8 256 2.5
Vacuolaria sp. 7.9 6.4 81 1.0
Fragilaria 7.5 15.0 199 2.4

delicatissima

*x r = 0.772; p < 0.01 (log transformed data)




TABLE 6/34

Mean density (pu
and skewness
abundant phytoplankton species in

ml™1),
statistic

coefficient
(SK) of each
Lak

of variation (C.V.)
of the ten most
e Rotomanuka South,

October 1983 to July 1984 (n = 15).
Taxon Mean Density Standard C.V.x* SK*
(pu m1™1) Deviation (%)

Closterium acutum 1962.4 5010.8 255 3.2
var. variabile
Microcystis 352.0 297.9 95 1.6
aeruginosa
Anabaena 170.4 266.0 156 2.2
tenericaulis
Trachelomonas spp. 108.4 144.3 133 1.6
Cryptomonas ovata 62.1 70.3 113 1.1
Synura uvella 50.5 147.1 291 2.8
Chrysococcus 22.3 26.8 120 0.9
rufescens
Cyclotella 21.8 41.5 190 2.4
stelligera
Staurastrum sp. A 21.6 32.1 148 1.5
Monoraphidium 18.9 56.1 296 3.0

tortile

* pr =

0.856; p < 0.002 (log transformed data)




TABLE 6/35

Mean density (pu
and skewness

ml=1),

statistic

coefficient
(SK) of each

of variation (C.V.)
of the ten most

abundant phytoplankton species in Lake Rotoroa, July 1983
to July 1984 (n = 22).
Taxon Mean Density Standard C.V.*x SK*
(pu m1™1) Deviation (%)
Tetrastrum 1042.8 2196.9 280 2.8
triangulare
Dinobryon 325.0 545.5 168 3.1
cylindricum
Cyclotella 123.7 144.3 117 1.6
stelligera
Closterium acutum
var. variabile 68.3 61.3 90 1.4
Dinobryon bavaricum 63.4 199.2 314 2.7
Cryptomonas spp. 56.6 72.7 128 2.4
Peridinium cinctum 32.6 31.2 96 1.5
Trachelomonas 28.17 26.4 92 1.3
volvocina
Synura uvella 22.3 95.3 427 4.1
Qocystis lacustris 16.2 25.8 158 1.7

* r =

0.849; p < 0.002 (log transformed data)
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apparent throughout early spring and summer, when stratification was
most pronounced (Fig. 3/18), and was similar to that recorded during
the same period in 1979 (Etheredge, 1983). These phytoplankters
display a range of adaptations which enable them to prolong residency
in the euphotic zone: Monoraphidium and Trachelomonas are both small
with concomitant large surface area to volume ratios, and the latter
is motile; Peridinium can perform diel vertical migrations to lower
stations in the water column where entrainment of nutrients may occur
(Wetzel, 1975; Sherr et al., 1982), has well-documented capacities for
luxury consumption and intracellular storage of phosphorus (Serruya &
Berman, 1975; Wynne & Berman, 1980; Elgavish et al., 1982), and is
well-protected from herbivory by its large size, and thecal structure
and composition.

Dinoflagellate dominance in Lake Rotomanuka North ended abruptly
when mixing commenced in April 1984 (Fig. 3/0), and a rapid shift
(allogenic change) to a chrysophyte community (largely Dinobryon
cylindricum) was recorded. Chrysophyte maxima also coincided with
periods of holomixis in Lakes Rotokauri (Fig. 3/1), Rotomanuka South
(Fig. 3/8), and Rotoroa (Fig. 3/7). In some respects, such timing is
enigmatic because both colonial and unicellular chrysophytes are
generally considered responsive to increased stability of the water
column (Reynolds, 1984a), and maxima of Dinobryon in temperate,
stratified lakes elsewhere have frequently been noted to follow those
of diatoms and precede those of euchlorophytes (Pearsall 1930, 1932;
Hutchinson, 1944; Rodhe, 1948; Bamforth, 1958). However, some aspects
of the ecology of Dinobryon are contradictory (Lehman, 1976); for
example, although inverse correlations between its abundance and
dissolved phosphate concentrations are attributed to extremely
efficient nutrient uptake at low concentrations (Schelske & Stoermer,
1972; Lehman, 1976), there is also evidence of luxuriant growth in
waters with high phosphate concentrations (Lehman, 1976), and in
addition, the growth of some species is known to be enhanced by
enrichment (Lefévre & Farrugia, 1958; Talling, 1962).

It is thus of interest that in Lakes Rotomanuka North and South,
Rotoroa, and Rotokauri chrysophyte maxima occurred immediately after
major peaks of total phytoplankton biomass suggesting that, despite

holomixis, phosphorus concentrations were probably low. Similar
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periodicity has been noted in mesotrophic Lake Rotokakahi (Flint,
1977).

In addition, Pearsall’s (1932) observations that this genus is
favoured by high nitrate to phosphate ratios are also of relevance to
the present study. Markedly higher ratios occurred in Lakes Rotomanuka
North and Rotoroa, than in those lakes with high proportions of
diatoms (Table 3/9).

There is also evidence of a clear relationship between the
abundance of Dinobryon cylindricum and silica concentrations; for
example, Lakes Rotomanuka North and Rotoroa had both the lowest silica
concentrations and the highest mean numbers of D. cylindricum (39 and
20% of mean total phytoplankton densities, respectively). Conversely,
Lakes Mangahia, Mangakaware and Ngaroto, in which diatoms were key
floral components, had markedly higher silica concentrations (Table
6/36).

It is highly probable that water temperature also influenced the
periodicity of D. cylindricum for, with one exception (12.11.83; Lake
Rotoroa), abundance peaks were recorded in winter (range of surface
temperatures 11 - 12°C), adding support to Moore’'s (1981b) suggestion
that this species generally prefers colder temperatures.

Other allogenic changes or shifts in community structure were
common in the lakes with unstable thermal regimes, and where brief
periods of stratification alternated with either equally short periods
of holomixis or weakly developed stratification (e.g., Lakes Mangahia,
Mangakaware and Rotoroa [Chapter 3]). Such intermittent shifts in the
physico-chemical environment resulted in sharp transitions between
consecutive communities (Figs. 6/4, 6/8, 6/41, respectively), with
repeated replacements of existing populations by assemblages of °
species better adapted to the new regimes.

Thus, in Lake Mangakaware during early summer, the maximum
difference between surface to bottom waters was 3.5°C (Fig. 3/6) and
diatoms, especially Asterionella formosa, were dominant. This
population exhibited rapid density increases, which are typical of its
life history strategy elsewhere, and largely attributable to its
physiological properties, summarised by Reynolds (1984a) as high
photosynthetic efficiency and capacity, and efficient carbon
assimilation at low irradiance levels. However, in mid-summer when

stratification was well developed, a sharp change to a community



TABLE 6/36 Silica concentrations (g m®) and mean proportions of the Chrysophyceae and the

Diatomophyceae in the six study lakes in which one or other of these taxa was dominant,
July 1983 to July 1984.

Lake Silica (g m;) Chrysophyceae Diatomophyceae
Sept. 1983 Nov. 1983 No. Proportion (%) No. Proportion (%)
Mangahia 13.0 2.8 60 0.9 2677 42.3
Mangakaware 7.0 7.5 387 7.7 1153 22.9
Ngaroto 5.9 2.6 21 0.4 2600 47.5
Rotokauri 3.0 3.1 117 17.9 106 16.2
Rotomanuka North 0.9 1.0 159 42.1 30 7.9

Rotoroa 0.4 0.7 417 21.8 148 7.7
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dominated by small euchlorophytes (largely Monoraphidium contortum and
Tetrastrum triangulare) occurred. In late summer, these dominants were
also replaced, equally rapidly, by Acanthoceras zachariasi, the
transition coinciding with the weakening and eventual breakdown of
stratification. This reversion to a diatom dominated community,
although involving a different key species, gives support to Reynolds’
(1984a) suggestion that assemblages contain several potential
dominants.

Allogenic changes were equally conspicuous in Lake Mangahia (Fig.
6/4); an abrupt replacement of diatoms (largely Aulacosira distans, A.
granulata var. angustissima and Tabellaria flocculosa) by chlorophytes
(Closterium acutum var. variabile and small greens) occurred at about
two monthly intervals, coinciding with periods of holomixis (and/or
weakly developed stratification) and more stable stratification,
respectively (Fig. 3/5).

The influence of reduced circulation was equally dramatic in Lakes
Rotomanuka South and Ngaroto where it was accompanied by immediate
shifts from zygophycean (Closterium acutum var. variabile to
cyanophyte (Microcystis aeruginosa and Anabaena tenericaulis), and
diatoms (Aulacosira granulata var. angustissima) to euchlorophyte
(largely Scenedesmus quadricauda and Actinastrum hantzschii) dominated
communities, respectively.

Conversely, the absence of intermittent shifts in the mixing
pattern of Lake Maratoto (Fig. 3/2) probably explains the consistent
dominance by one class (Euchlorophyceae [Botryococcus brauniil)
throughout almost the entire year (Fig. 6/14), an upsurge in numbers
of Closterium acutum var. variabile, in winter 1984, being the only
exception. Despite the absence of well-developed stratification in
Lake Maratoto, the Diatomophyceae remained numerically unimportant
throughout the entire year (Table 4/17; Fig. 6/14), as was the case in
1979 (Etheredge, 1983), although the diatom species diversity (36
[29%])) was the highest of the series. This conforms with their
unimportant role in several dystrophic lakes elsewhere (e.g., Nygaard,
1949; Berg & Petersen, 1956; Hansen, 1962). Lake Kainui, with one
exception, was also holomictic or weakly stratified throughout the

entire year (Fig. 3/3), and displayed a similar pattern of almost
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continuous domination by one class (Zygophyceae) (Fig. 6/0).

Cryptophytes are eurytopic species (Hutchinson, 1967; Rosén, 1981;
Reynolds et al., 1982), and frequently found permanently in the
plankton. They are favoured by increasing stability of the water
column (Etheredge, 1983), undoubtedly because of their ability to
undergo regular vertical migrations which give access to nutrient-rich
waters (Tilzer, 1973; Salonen et al., 1984).

In the present study, Cryptomonas spp. (C. marssonii and C. ovata)
had one of the ten highest ISIs in seven lakes, with the three highest
indices occurring in Group III lakes, especially Rotomanuka North, and
Rotokauri (Table 5/15), the two with the most stable stratification
(Chapter 3). It is noteworthy, however, that the highest mean
densities occurred in the most darkly-stained waters (Mangahia [Table
4/5]; Maratoto [Table 4/15]), with both Lakes Mangakware (Table 4/10)
and Kainui (Table 4/0) (Group III), ranking third and fourth,
respectively. This is in agreement with their well-documented
tolerance of low light regimes (see Stewart & Wetzel, 1986).

However, they were seasonally unselective in all study lakes, with
abundance peaks consistently following maxima of other taxa, and thus
coincident with periods of decomposition. Similar timings have been
reported from many other lakes elsewhere (e.g., Ramberg, 1976;
Ringelberg & Kersting, 1978; Schwartz et al., 1981). As Cryptomonas
spp. are both facultative heterotrophs and auxotrophic, such pulses
probably result directly from increased quantities of both dissolved
and/or particulate organic matter and vitamins, produced during
decomposition (Stewart & Wetzel, 1986).

Compositional and structural changes in planktonic communities may
be interpreted as functions of particular life history strategies of
their component populations. The concept of r- and K- selection
(MacArthur & Wilson, 1967), and later extensions of the concept by
Pianka (1970, 1972), is the most generally accepted theory concerning
the strategies of both plants and animals. In broad terms, r-
selection favours small-sized, short-lived species (fugitive,
colonising, opportunistic, pioneer, or weedy species [see Grassle &
Grassle, 1974]1), with high growth rates and considerable reproductive

potential. K- selected species (constants, equilibrium, or
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autochthonous species), however, are larger with pronounced anti-
herbivorous devices. They have lower growth rates, divert less energy
and resources to reproduction than r- strategists, and exhibit
superior competitive abilities and utilisation of resources; such
selection obviously reduces niche overlap. In addition, the mortality
characteristics of the two strategists differ, being catastrophic and
density-independent, and density-dependent, respectively.

Despite a blanket characterisation by population biologists of all
phytoplankters as highly selected r-strategists (Kilham & Kilham,
1980), recent authors (Kilham & Kilham, 1980; Sommer, 1981; Reynolds,
1984a) have clearly demonstrated that a full range of life history
strategies is present within phytoplankton communities.

Coefficients of variation and skewness statistics yield
information which can be interpreted in terms of r- and K- selection.
Phytoplankters witﬁ low Cs.V. and SKs, do not have rapid growth
surges, thus conforming to K- selection; and conversely, those with
high Cs.V. and SKs, increase rapidly within narrow bands of favourable
conditions, thus exhibiting radical density changes, and fit the
profile of r- selected species (Lewis, 1977).

Clearly, shifts along the continuum from r- to K- selected species
occur throughout the annual cycles of lakes which develop stable
stratification. Sommer (1981), for example, analvsed the most abundant
species within the phytoplankton community of Lake Constance, in terms
of their rates of increase and sizes, and concluded that species of
the same growth- and size-classes were generally associated with each
other. From spring until August, shifts from both the fast-growing to
slow-growing classes and smallest to largest size-classes were
observed, with the reverse trends apparent throughout autumn.

However, in the present study, seasonality of the most abundant r-
and K- strategists was, not unexpectedly, only apparent in Lake
Rotomanuka North, where small diatoms (e.g., Cyclotella stelligera and
Fragilaria delicatissima) with high SKs (both 2.4; Table 6/33) were
common only during winter and early spring, respectively; and
conversely, the large dinoflagellate (Peridinium cinctum; see above
for adaptive factors) was present throughout the entire year, but
increased in numbers only throughout summer and autumn (SK = 1.66;
Table 6/33). The instability of the water columns in Lakes Mangahia,
Mangakaware and Rotoroa (Chapter 3), precluded such seasonal

progressions, and instead small r- strategists occurred sporadically
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throughout the year; for example, diatoms such as Asterionella
formosa, Tabellaria flocculosa and Cyclotella stelligera, achieved
peak densities throughout mid- to late summer in Lakes Mangakaware,
Mangahia and Rotoroa, respectively.

Conversely, in those study lakes which were almost permanently
holomictic or had a transient period of weakly developed
stratification (Maratoto, Kainui, and Ngaroto [Chapter 3]), large K-
strategists (Botryococcus braunii, Microcystis aeruginosa and
Aulacosira granulata var. angustissima dominated for lengthy periods,
and many of the r- strategists were, when considered in terms of SKs,
‘highly’ r- selected; for example, Scenedesmus quadricauda (4.0; Lake
Ngaroto), Chlamydomonas sp. C (3.8; Lake Maratoto), Closterium acutum
var. variabile (3.6; Lake Kainui), Anabaena tenericaulis (3.4; Lake
Ngaroto) and Monoraphidium tortile (3.3; Lake Maratoto).

Success as a K- strategist requires low vulnerability to
herbivory, an ability to sequester, and maximum exploitation of
resources; motility is usually a prerequisite for the latter, although
in the context of the mixing patterns of the study lakes under
discussion, this is probably of minor importance. In terms of anti-
herbivorous devices Botryococcus braunii is both large and
unmanageable (stressed as important by Porter [1977]), occurring as an
irregular colony of numerous cells embedded in an oily matrix, and
with a distinctive rubbery texture (Belcher, 1968). Its sequestering
abilities are excellent (for details see Wake & Hillen [1981]; Wolf &
Cox, 1982]), and it may remain alive for a period of at least ten
months when placed at a constant temperature of 25°C (Belcher, 1968).
Efficient light utilisation is obviously of paramount importance to
phytoplankton in darkly-stained waters, and the numerical success of
B. braunii in Lake Maratoto is further evidence of its adaptability,
particularly because the heavy pigmentation within the colony matrix
must greatly reduce the quantity of light reaching the chromatophore
at the base of the cell (Belcher, 1968).

Microcystis aeruginosa, like Botryococcus braunii, exhibits
considerable physiological, biochemical and behavioural flexibility.

Its annual cycle, described in detail by Reynolds et al., (1981),



100

typifies that of a ’'highly’ selected K- species. Although, sometimes
it may exist, like other K- strategists, almost as a monoculture, in
Lake Ngaroto it was sub-dominant to Aulacosira granulata var.
angustissima. This narrow form is considered to resist stressful
conditions, especially either high pH (see Chapter 3) or large
populations of cyanophytes unfavourable to A. granulata (Prowse &
Talling, 1958); in addition, it is chiefly this variety which co-
exists with cyanophycean blooms in Lake George (Talling, 1965).

Thus, in the study lakes, fundamental changes in phytoplankton
community structure were inextricably inter-related to changes in
mixing patterns i.e. Round’s (1971) ’'shock periods’'. However,
biological factors such as parasitism, grazing, and allelopathy, also
interact with the physico-chemical regime to influence periodicity.

Fungal parasites (Order - Chytridiales; see Sparrow [1960])
reached epidemic proportions in Lakes Mangakaware (Rhizophydium
planktonicum? on Asterionella formosa [Chapter 6.1.3.5]) and Kainui
(unidentified chytrids and/or biflagellates [Order - Lagenidales] on
Staurastrum brachiatum [Chapter 6.1.3.1]). As well, Rhizophydium
deformans Jaag and Nipkow (on Oscillatoria limosa), and other
unidentified fungi were observed very infrequently on the following
species in other study lakes: Ankistrodemsus bibraianus; Aulacosira
granulata; Botryococcus braunii; Microcystis aeruginosa; Nephrocytium
agardhianum; Peridinium willei; and Staurastrum leptocladum var.
insigne.

Several detailed studies have been made of the effects of
Rhizophydium planktonicum on the population dynamics of Asterionella
formosa (Canter & Lund 1948, 1951; Koob, 1966), as well as their
specific host/parasite interactions (Canter & Jaworski 1978, 1979).
Canter & Lund (1951) concluded that parasitism may both delay the
timing and decrease the size, of Asterionella formosa maxima, and
suggested that parasitism of one species may alter community dynamics
by permitting the development of another. However, in the present
study, it is difficult to assess quantitatively the influence of the
parasite on the decline of A. formosa, because it was coincident with

an abrupt change in water temperature and turbulence (Fig. 3/6). For
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example, the surface water temperature was 21°C, at the time of its
maximum abundance, but during the following 14 days increased to 26°C,
a temperature which is considerably higher than the optimum given by
Hutchinson (1967) (range 10 - 20°C).

Desmids are also frequently parasitised, and ecological effects
are similar to those on diatoms (Canter & Lund, 1969). In Lake Kainui,
a marked upsurge of Closterium acutum var. variabile followed the
rapid decline of parasitised Staurastrum brachiatum, but once more,
other factors may have been partially responsible.

These are the first records of major fungal infections of
phytoplankton in New Zealand, although the presence during winter of
Rhizophydium planktonicum on Asterionella formosa, has been noted in
Lake Waikaremoana (Cassie, 1978).

A detailed discussion on the influence of grazing on phytoplankton
community composition and biomass is given in Chapter 8.

The distinct seasonal periodicity of total phytoplankton biomass
generally observed in Northern Hemisphere warm monomictic lakes (see
Hutchinson, 1967; Wetzel, 1975) was not apparent in Lakes Rotomanuka
North and Rotokauri (Figs. 6/32 and 6/26, respectively). Viner & White
(1987), using chlorophyll data as a basis for comparative analyses,
have reported similar deviations in other New Zealand lakes, and also,
in some instances, inter-annual differences. Such variations, brought
about largely by the reduced annual temperature range of New Zealand
lakes compared with continental ones (Chapter 3), obviously have
important implications for zooplankton life cycles. However, further
detailed analyses of phytoplankton (particularly small species) and
zooplankton population dynamics are a prerequisite to a greater
understanding of their interactions (Chapman & Green, 1987).

The B diversity for the composite phytoplankton community of the
nine study lakes was remarkably high (14.35) compared to other groups
of lakes elsewhere; for example, Lewis (1978b) gave values of 6.4 and
3.0 for twelve tropical lakes and fifteen Austrian and south German
alpine lakes, respectively. High B diversity is only possible in lakes
lacking uniform physico-chemical regimes, and thus is to be expected
in the present study where, superimposed on top of the major
differences between the lakes in terms of morphometry, concentrations

of DHM and nutrient concentrations (Chapters 1 and 3), were variations
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in mixing regimes which permitted the previously discussed combination

of autogenic succession and numerous allogenic changes.
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CHAPTER SEVEN

COMPARATIVE ANALYSES OF THE TROPHIC STATUS
OF THE NINE STUDY LAKES

7.1 TROPHIC INDICES

7.1.1 Maximum and Mean Standing Crops

Lake trophic classifications based on a variety of general
characteristics are given in Table 7/0.

In terms of maximum phytoplankton biomass, all lakes belonging to
Groups I, II and IV (Chapter 3) were highly eutrophic. Of the Group
III lakes, Rotokauri was mesotrophic, and both Rotomanuka North and
Rotoroa were eutrophic (Table 7/1). Except for Group I, intra-group
maximum biomasses were broadly similar. Inter-group maximum biomasses,
however, differed by two orders of magnitude (2.3 g m® [Lake
Rotokauri] to 244 g m® [Lake Maratoto]). The remarkably high maximum
biomass in the latter (Fig. 6/15), was not an isolated occurrence,
with values exceeding 10 g m® on all sampling occasions. High total
biomasses were also recorded for considerable periods in Lakes Ngaroto
(Fig. 6/20) and Rotomanuka South (Fig. 6/36) (Group IV), exceeding 10
g m® on 86 and 71% of sampling occasions, respectively.

Group III lakes also had the three lowest mean phytoplankton
biomasses (wet weight) (Table 7/1). Using this criterion, Lake
Rotokauri was oligotrophic, both Lakes Rotomanuka North and Rotoroa
were mesotrophic, Lake Maratoto (Group I) and Group IV lakes were
hyper-eutrophic, and Lake Kainui (Group I1) was bordering on hyper-
eutrophy. Both Lakes Mangahia (Group I) and Mangakaware (Group 11)
were meso-eutrophic.

When trophic status was considered in terms of mean total
phytoplankton biomass expressed as mg C m® (Heyman, 1983) (Table 7/0),
Lake Rotokauri (Group III) was oligotrophic, Lakes Rotomanuka North
and Rotoroa (Group III) and Mangahia (Group I) were mesotrophic, and
the remainder were eutrophic (Table 7/1).

Mean phytoplankton densities ranged from 0.4 (Lake Rotomanuka
North) to 11.6 pu 1-! (Lake Kainui), and the lowest values were also
recorded in the Group III lakes (0.4 [Rotomanuka North], 0.7
[Rotokauri] and 1.9 pu 1-! [Rotoroa]). The highest mean densities were
recorded in the most darkly-stained lakes (Maratoto (6.7 pu 171,
Mangahia (6.3 pu 1°!) and Kainui (11.6 pu 177) (Table 7/1).



TABLE 7/0 Some general characteristics of lakes of various trophic status.

Trophic Maximum® Mean? Phytoplankton?® Dominant* Total Phosphorus®
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