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ABSTRACT

ECOLOGY OF THE CRYPTOPHYCEAE IN A
NORTH TEMPERATE HARDWATER LAKE

By
William D. Taylor

The Cryptophyceae is a poorly understood small class of
single celled flagellate algae with a ubiquitous
distribution, often cited for large contributions to
phytoplankton biomass. Interest in cryptophyte ecology has
recently increased as information on their nutritional
quality, short turnover times and intermittent dominance has
accumulated. The objectives of this research were to (1)
characterize short-interval cryptophyte dynamics within the
framework of the annual phytoplankton community structure,
(2) measure jin situ cryptophyte productivity for comparison
with total phytoplankton community productivity, and (3)
evaluate the impact of grazing losses to the cryptophytes.

Routine limnological sampling was conducted biweekly
while cryptophyte samples were collected daily over an
annual period (1982-83) from phosphorus limited Lawrence
Lake, Michigan. Only 20 of 121 species of algae contributed
greater than 5% of the total biovolume at any particular
time. Algal biovolume was often dominated by large
unicellular species. Microflagellates (<10 um) constituted
ca. 80 percent of the total algal units annually but their

contributions to algal volume were <10%. Cryptophytes



dominated the phytoplankton community during autumn (50%
maximum by volume).

Two cryptophyte species dominated within the group;
Rhodomonas minuta (=70 um3) was abundant and unusually
stable (100-300 cells-mL~l 80% of the time), Cryptomonas
erosa (=1600 um3) was less abundant (rarely >100
cells-mL‘l). An analysis of observed growth rates based on
2-day sampling showed that growth and loss was negligible
(i.e. G >7 days), 52% and 34% of the time for Rhodomonas
and Cryptomonas, respectively. Few periods of sustained
growth occurred by either species.

1l4¢c productivity and zooplankton grazing studies were
conducted during the summer and autumn, 1984. Cryptophyte
species productivity was determined using track micro-
autoradiography. Unexpectedly, cryptophyte contributions to
productivity were relatively less than their contributions
to phytoplankton biovolume and cryptophyte carbon-based
growth rates were lower than the phytoplankton community
growth rates. Mixotrophic cryptophyte nutrition and
temporary spatial patches of refuge from predation resulting
from simultaneous differential migration by zooplankton and
cryptophytes were discussed to explain the persistance of
cryptophytes under high cladoceran grazing pressure, minimal

l4¢c productivity and low growth rates.
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CHAPTER 1

PHYTOPLANKTON COMMUNITY DYNAMICS IN LAWRENCE LAKE OF
SOUTHWESTERN MICHIGAN

Introduction

An intensive and continuous limnological investigation
of Lawrence Lake and its wetland areas was begun in 1967 and
extended through 1986. During that period, extensive
information was gathered, summarized, and synthesized,
particularly regarding the interaction and functional role
of wetlands and aquatic macrophytes in the productivity and
carbon cycling of lakes. Wetzel (1975, 1983) used many of
the data from Lawrence Lake during this extended period to
illustrate functional processes within lakes. In so doing
he also summarized and referenced many of the numerous
publications resulting from research on the lake. The later
volume (Wetzel 1983) contains a comprehensive summary of the
limnology of Lawrence Lake.

A detailed study of the phytoplankton community and its
seasonal dynamics over an annual period was undertaken in
1968 but remains unpublished in detail. Graffius (1963), in
a comparative study of Lawrence Lake and a nearby acid bog,
provided the first qualitative summary of algal species
occurring in this water. 1In his treatment, species

1
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distributions within a variety of sampling sites in and
around the lake were noted and subjective references were
made to seasonality and abundance.

Where the phytoplankton are discussed in later studies,
emphasis was placed on a few selected species of special
interest (Wetzel et al. 1972, Manny 1972, McKinley and
Wetzel 1979, Ward and Wetzel 1980a, Crumpton and Wetzel
1982, Stewart and Wetzel 1982) or detailed data were
presented with minimal discussion (Stewart and Wetzel 1986).
The phytoplankton data presented by Stewart and Wetzel
(1986) were from studies conducted in 1967 and 1968 which
makes them historically invaluable but not necessarily
representative of current patterns. Taylor and Wetzel
(1984) gave a more detailed discussion of phytoplankton
community dynamics in Lawrence Lake but it covered only the
period August through February and was restricted to the
upper 4 m of the lake.

The present study was undertaken (1) to characterize
the community structure and seasonal dynamics of
phytoplankton in Lawrence Lake relative to the physical and
chemical constraints of the habitat and (2) to establish the
background with which to compare the results of high
frequency sampling for selected cryptophyte taxa. A
detailed discussion of the high frequency sampling has been

relegated to Chapter II of the dissertation.
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Site Description
Lawrence Lake is a small, dimictic, hardwater lake with
low pelagic productivity in southwestern Michigan, U.S.A.
The lake has been described with morphometric, chemical and
biological data given in numerous sources (e.g. Rich et al.
1971, Wetzel et al. 1972, Wetzel 1983). A brief summary of

these characteristics is presented in Table 1.1.

Materials and Methods

Phytoplankton samples were routinely collected and
analyzed from one station over the central depression of the
lake basin. Crumpton and Wetzel (1982) evaluated
phytoplankton patchiness in Lawrence Lake and consistently
found no greater variance among five stations than between
replicates at a single station. Further periodic testing in
this study at four stations supported their findings.

Vertically integrated phytoplankton samples were
collected biweekly between 10:00 and 14:00 with a 4-m long
Van Dorn-type sampler from 0-4, 4-8, and 8-12 m depths.
These depths closely approximated the epi-, meta-, and
hypolimnion during summer stratification. The sampler had
an inside diameter of 5 cm with a total capacity of about 5
L. A water sample was poured into a bucket for mixing and a
130-nL subsample was immediately preserved with 1 mL of acid

Lugol's solution (Vollenweider 1974).



Table 1.1. Morphometricl and limnological parameters for
Lawrence Lake, Michigan.

Parameter Value or Range
Surface Area (h) 4.96

Volume (m3) . 292,350
Maximum Depth (m) 12.6

Mean Depth (m) 5.89

Relative Depth (%) 5.01

NO; + NO, nitrogen? (mg-L~1) 1.5 - 5.0

NH, nitrogen? (mg-L-1) 0.25 - 0.30
Total Dissolved Phosphorus3 (mg-L~1) 0.001 - 0.010

Soluble Reactive Phosphorus3 (mg-L'l) < 0.005

pH 7.6 - 8.4

Alkalinity (meq-L~1) 3.7 - 4.7

Conductivity 400 - 571
(pmhos-cm™1, 25 °C)

$i052 (mg-L~1) 6 - 11

Secchi Disk Transparency (m) 1.8 - 10.9

Annual Mean Productivity?r4 79.5 - 119.1 (93.3)

(mgC-M~2.day™1)

Chlorophyll-a® (corrected) (pg-L~1) 0.32 - 3.19

1Morphometric values are from Wetzel et al. (1972).
2Wetzel 1983.

3wetzel 1972.

4Fourteen-year range and (mean).

SRange of biweekly concentrations in the 0 to 8-m stratum
(1982-1984).
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Uterm6hl's (1958) sedimentation method was used to
prepare the samples for identification and enumeration. The
recommendations of Lund et al. (1958) were followed for
counting precision. 1In all cases, between 600 and 2000
total algal units were counted giving a counting error of
less than ten percent for each sample. Complete transects
of the chamber diameter were counted at several
magnifications (360x, 180x, 90x); the magnification was
dependent upon the size and abundance of the cells being
evaluated. The entire chamber was used to enumerate large
forms such as Ceratijum. Species identification under oil
immersion (900x) was routine. Counting and cell
measurements were made with a Wild M40 inverted microscope.
Twenty-five mL samples were settled for at least 15 h within
a styrofoam insulated box to minimize convective currents
caused by temperature fluctuations throughout the day.

Biovolumes were calculated for each species using
formulae for solid geometric shapes most closely matching
the cell shape. Mean cell volumes were based on individual
cell volume calculations (Appendix A). Biovolumes were
determined seasonally when changes in cell size were
apparent (e.g. Cyclotella bodanjca v. affines).

Light and temperature measurements were made at 1-m
intervals with a LiCOR model L1-185 quantum photometer and a
YSI 43JD thermistor, respectively. Samples for

determination of conductivity, alkalinity, pH, alkaline
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phosphatase activity (APA), and chlorophyll a (Chla) were
collected with an opaque 3-L Van Dorn bottle at
0,1,2,3,4,5,6,7,10 and 12-m depths. Primary productivity
incubations were made at 0,1,2,3,5,7,10 and 12-m depths.

Biweekly sampling was standard throughout the study but
Secchi disk transparency, light (as uEinstem~2.s~1 PAR) and
particularly temperature were often measured at more
frequent intervals. Temperature, for example, was measured
daily from mid-October to mid-November 1982 during
epilimnetic destratification and every other day from March
through June 1983 during restratification.

Because phytoplankton samples were integrated over 4-m
intervals, equivalent integrated values were determined for
some of the parameters that were measured at discrete
depths. Integral mean values, i.e. adjusted for differences
in volume with depth, were calculated for primary
productivity, APA and Chla for 0-4 and 4-8-m strata.

APA of whole lake water samples was measured by the
enzymatic hydrolysis of non-fluorescent 3-0-methyl
fluorescein phosphate mono-cyclohexylammonium to the
fluorescent product, 3-0-,ethyl fluorescein as slightly
modified from Hill et al. (1968) and Perry (1972) by Wetzel
(1981).

The l4c uptake method of Steemann Nielsen (1951, 1952)
was used to measure primary productivity. Specific details

of our methods are given in Wetzel and Likens (1979). One
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nL of 1l4c as NaH14C03 with known specific activity ranging
from 5-8 ucCi-mL~1 (18.5-29.6 x 10% Bqg) was injected into
replicate 125-mL glass stoppered light bottles and
non-replicated dark bottles. Samples were incubated jin situ
from about 10:00 to 14:00 at the depths from which the
samples were collected. Fifty-mL aliqﬁots were filtered
onto HA Millipore filters (0.45-um pore size) and analyzed
by Geiger-Miller radioassay (Nuclear-Chicago D-47 of known
counting efficiency).

Chlorophyll was measured using the trichromatic method
of Strickland and Parsons (1968) as presented by Wetzel and
Likens (1979). Samples of 500 to 750 mL were filtered onto
AA Millipore filters (0.8-um pore size) at a vacuum
differential of less than 0.5 atm.

Alkalinity was determined by titration with H;S04 using
a mixed indicator. Conductivity was measured at 25°C with a
Yellow Springs Model 31 conductivity bfidge. A Coleman 38A
PH meter was used to measure pH in the lab with samples at

room temperature.

Results and Discussion
Temperature
Temperature patterns in Lawrence Lake were typical for
north temperate dimictic lakes of moderate depth and surface
area (Figure 1.1). The lake was highly stratified in Augqust

1982 with epilimnetic deepening commencing in September.



Figure 1.1. Daily solar radiation (Photosynthetically
Active Radiation, g cal-cm~2-day~l 400-700
nm) (upper) and depth-time isotherms (°C)
(lower) over an annual cycle in Lawrence Lake,

Michigan.
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The lake continued cooling until autumn turnover during the
first week of November. Autumnal circulation of Lawrence
Lake has occurred within +1 week of 31 October since 1968
(Wetzel, unpublished).

During this study southwestern Michigan had the mildest
winter in 50 years. Permanent ice cover did not form until
mid-January and it was gone again by 3 March. A warming
trend during the week before and after ice-out led to an
increase in surface water temperatures to about 7°C with
weak stratification. This thermal discontinuity was
followed by a cooling period that resulted in a spring
circulation towards the end of March. A persistent
stratified water column followed an intense heating period
during the latter half of April, that continued and
intensified into August 1983. Periods of rapid temperature
increase were correlated with periods of high solar
radiation (Figure 1.1). Water column temperatures ranged
from 3°C during winter to more than 26°C in the epilimnion
during summer. Hypolimnetic temperatures varied between 4
and 8°C.

Lawrence Lake is deep relative to its surface area as a
Consequence of its origin as a kettle lake (Wetzel and Manny
1978). Relative depth (2y) is the formal mathematical
©Xpression for this relationship which gives the maximum
‘iﬁapth as a percentage of the mean lake diameter (Wetzel

1983) . Whereas most lakes have a Z, of ca. 2 percent, in
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Lawrence Lake it is 5.01 percent, a condition conducive to
the development of the highly stable water stratification
encountered there (Figure 1.2; cf. also Johnson et al.
1978) . The epilimnion averaged about 4 m deep above a
metalimnion in which temperatures declined as much as 14°C

between 4 and 8 m. Vertical movement of water across such a

thermal gradient is greatly restricted.

Light

Lawrence Lake was well illuminated throughout much of
its depth during most times of the year (Figure 1.3).
Secchi disk values were rarely less than 5 m and only in
late June and July during epilimnetic decalcification and
relatively high algal biovolume. About 89 percent of the
lake volume is contained in the first 8 m, i.e. from the
surface to the base of the metalimnion. The annual mean
light reaching 8 m was 16.3 uEinst'm~2.s~1, There were,
however, broad seasonal differences. During autumn and
winter (August 1982 through February 1983) the average light
XYeaching 8 m was 8.5 uEinst.m~2.571, while between February
and June 1983 the average was about 30 pEinstem~2.s71,
Annually between 0.55 to 8.1 percent of subsurface light
Ye@ached 8 m.

Light extinction coefficients (), calculated for the

O—4 and 4-8-m strata, were based on means of the percentage
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Figure 1.2. Water temperature at 2 m and total heat content
(upper) and Schmidt stability (lower) over an
annual cycle in Lawrence Lake, Michigan.
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Figure 1.3.
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Light characteristics over an annual cycle in
Lawrence Lake, Michigan; (a) Monthly mean
photosynthetically active radiation (PAR), (b)
Secchi water transparency depth, (c) PAR and
the percent of surface light at 8 m, (d) Light
extinction coefficients () in two depth-
strata.
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changes in light at 1-m intervals through each of the
strata. Extinction coefficients varied from 0.279 to 0.711
m~1 which was well within the range for Lawrence Lake
(Wetzel 1983). n was always greater in the surface waters
than in the 4-8-m stratum except in July and August when
greater Chla concentrations developed in the metalimnion.
Historically, and in this study, increased phytoplankton
productivity and to a lesser degree increased surface
temperatures in June and part of July lead to massive
precipitation of calcium carbonate (Otsuki and Wetzel 1974)
which contributed to the observed increase in 7.

From these data it is clear that light limitation was
rare and that in Lawrence Lake as much as 90 percent of the
lake volume was in a light regime adequate to support most
photoautotrophs during much of the year. During the stable
stratified period adaptation to lower metalimnetic light
levels is likely common. Accumulation of phytoplankton in
the metalimnion is largely dependent upon growth rates being
greater than losses by sedimentation. Wetzel (1983 and
unpublished) found oxygen, photosynthetic productivity and
biomass (as chlorophyll) maxima in the metalimnion of

Lawrence Lake for 18 years during July and August.

PH, conductivijty, alkalinjty
The hardwater character of Lawrence Lake is reflected in

the pH, conductivity and alkalinity of its waters (Figure 1.4).
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Figure 1.4. pH (upper), conductivity (center), and
alkalinity (lower) at 2 m and 6 m over an
annual period in Lawrence Lake, Michigan.
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A detailed analysis of calcium and total alkalinity budgets
and calcium carbonate precipitation in Lawrence Lake is
<g iven in Otsuki and Wetzel (1974).

During this study pH varied less than one unit
<t hrxroughout the year at 6 m and only about 0.3 pH units at 2
m. Usually pH was between 8.0 and 8.4 in water less than 8
m deep.

Although annual conductivity values were high (>400
semho-cm~1), significant variations occurred during the year
and among depths. Conductivity was greatest in mid-winter
(about 550 pmho-cm~l) and began decreasing steadily at
ice-out with the onset of the spring phytoplankton bloom.
The surface water decrease in conductivity during June was
largely due to the massive precipitation of calcium
Carxbonate.

Alkalinity was predominately bicarbonate alkalinity and
Followed a pattern similar to conductivity (Figure 1.4).
Small differences were observed between 2 m and 6 m until
The onset of epilimnetic decalcification in June.

Al Xkalinity ranged from 3.7-4.9 meq-L~1 at 2 m throughout the

¥Year while staying nearly constant at 4.5 meq-L~1 at 6 m.

Silica

Silica concentrations are high in Lawrence Lake and are
Never 1limiting to the growth of diatoms and other silica-

dependem: organisms. However, a significant biological
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xeduction of silica occurred, particularly in the epilimnion
(Wetzel 1983). Silica is transported by sedimenting diatoms
ouwut of the epilimnion to deeper water and ultimately to the
s ediments. Typical winter concentrations of 10-11 mg
s 10, -L"1 were reduced to about 6 mg SiO,-L~! by June in the

surface wvaters.

N Jj trogen

Nitrogen is a nutrient required in relatively large
amounts by all living organisms. In Lawrence Lake inorganic
nitrogen, mostly in the form of nitrate, is in great excess
OFf that needed to support the normal phytoplankton biomass
found in the lake (Wetzel 1983). The nitrogen inputs to
L.awrence Lake occur largely as nitrates which leach from the
Calcareous till of the drainage basin. Annual
Concentrations of NO;-NO; range from about 1.5 to 5 mg-L~1
in the upper water (0-8-m stratum). Ward and Wetzel (1980a)
detected no Ny-fixation over the growing season between
ApPril and September. Their work showed that certainly NO,
And possibly NH3 (via diffusion from the hypolimnion) was

Adequate to supply all the nitrogen needs of the algae.

horus
Direct measurements of pelagic phosphorus were made
ihfrequently during this study. In calcareous lakes such as

I-aw::ence, much of the soluble phosphate and other essential
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an i cronutrients (i.e. iron and manganese) form highly
i mnasoluble compounds (Otsuki and Wetzel 1972, Wetzel 1972,
21.983). During the period of relatively high productivity
( June) these precipitates and seston settle rapidly from the
€t xophogenic zone. The absolute concentrations of phosphorus
compounds in Lawrence Lake are relatively constant and
@>3hibited little correlation with changes in algal growth
(Wetzel 1972). More relevant are turnover rates and
awvailability.

Alkaline phosphatase activity (APA) was routinely
measured to determine biological phosphorus stress and
Phosphorus availability in the system. APA was about 30x
higher at its maximum in August than it was in February at
its annual low point (Figure 1.5). APA was uniform within
the lake until thermal stratification stabilized the water
Column in May (Figure 1.2). Thereafter, APA was greater in
the 4-8-m stratum than in the 0-4-m stratum indicating
© j ther a higher demand for phosphorus or reduced
Avwvailability from organic compounds in the metalimnion.
These findings were consistent with higher productivity
Xates and Chla concentrations found invthe metalimnion
Quring the same period.

Further insight into phytoplankton phosphorus stress
Quyring the year is apparent with an examination of the ratio
OFf APA to chlorophyll (Figure 1.5). During periods of

T xreatest vertical stability to mixing, phosphorus stress per
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Flgure 1.5. Total alkaline phosphatase activity (unfiltered
lake water) (upper) and the ratio of alkaline
phosphatase activity to chlorophyll a
concentration (lower) over an annual cycle in
Lawrence Lake.
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unit Chla was greater in the epilimnion than in the

metalimnion. From the mixed winter period until epilimnetic

decalcification in June the APA/Chla ratio was similar in
both strata. The phosphorus stripping action of the annual
decalcification event (precipitated by increased
productivity) functioned to reduce available phosphorus to
the epilimnetic phytoplankton during a period when
replacement was least likely from internal and external
loadings (Wetzel, in preparation).

The bacterioplankton can also be direct or indirect
sources of phosphatase. Cembella et al. (1984) emphasized
that APA may be derived in part directly from bacterial
secretion or indirectly from bacterial degradation which
would lead subsequently to high organic phosphorus
production and induction of APA by bacteria and algae. Of
the total dissolved and particulate APA, non-algal
particulate APA can comprise a major component (15 to 73%)
of the particulate pool (Wetzel 1981; Stewart and Wetzel
1982) . During thermal stratification APA was always lowest
in hypolimnetic water below 8 m where inorganic phosphorus
was more readily available in the more reducing environment.
During February APA was minimal, as was algal biomass,

productivity, temperature, and available light.
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Chlorophyll a

The oligotrophic status of Lawrence Lake was
characterized by the low Chla concentrations (Figure 1.6).
Mean Chla never exceeded 2 ug-L‘1 in the 0-4-m stratum and
did so only during July and August in the 4-8-m stratum. On
most sampling dates concentrations were between 1 and 2
ug-L~1 in the upper 8 m of the lake. Chla concentrations
declined during the period of ice-cover on the lake.

Minimal Chla concentrations of about 0.75 ug-L~1 were
found in the upper 8 m just prior to ice-loss on 3 March.
In general, Chla concentrations were slightly higher in the
0-4-m stratum during winter, but they were highest in the
4-8-m stratum during spring and summer, The elevated Chla
concentrations in October and November were due to algal
growth rather than upward mixing of metalimnetic algae
during destratification, as has been noted elsewhere (Fee
1976) . The excellent light conditions during October were

conducive to the observed growth.

Primary productivity
Throughout the study period primary productivity

(Figure 1.7) followed the pattern of annual solar radiation
(Figure 1.1). The lowest rates occurred between November
and ice-loss in early March when values were always less
than 50 mg C-m~2-day~l. Primary productivity began to

increase just prior to ice-loss, and continued until it
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Figure 1.6. Chlorophyll a concentration (corrected for
phaeophytin) over an annual cycle in Lawrence
Lake.
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Figure 1.7.
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Primary productivity of phytoplankton over an
annual cycle in Lawrence Lake, Michigan;
integrated areal productivity in the 0-8-m
stratum (upper), integrated volumetric
productivity in the 0-4 m and 4-8-m strata
(center), and percent of total 0-8 m carbon
fixed in the 0-4 m and 4-8-m strata (lower).
All points were corrected for depth-volume
variations.
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reached a maximum in July of 235 mg C-m~2-day~l. A slighter
greater rate (269 mg C-m~2-day”l) was measured the preceding
August.

Two radical departures from a smooth seasonal
transition in productivity (Figure 1.7, upper panel) can be
accounted for by changes in phytoplankton community
structure via bursts of growth followed by rapid decline of
selected taxa. In the fall of 1982, as the lake was
undergoing epilimnetic deepening, a stéep decline in
productivity occurred through September, followed by a mid-
October increase to about 200 mg C-m~2.-day~l. This increase
coincided with the annual cryptophyte biovolume maximum
(details to follow). Thereafter primary productivity and
cryptophyte biovolume simultaneously decreased sharply. In
the second case, the precipitous decline in primary
productivity on 19 July 1983 coincided closely with the
collapse of the Stichogloea population, a colonial
chrysophyte that accounted for 35-40 percent of the total
phytoplankton volume at that time. Primary productivity
briefly recovered from that decline by'the next sampling
date, largely as a result of blue-green algae.

Metalimnetic primary productivity (as mg C-m~3-day~1)
was greater in 4-8 m than in 0-4 m during the stratified
period in July and August (Figure 1.7). This difference was
expected given the consistent occurrence of a metalimnetic

Chla maximum during this time of year (Wetzel 1983, this
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study). During those months there was an average of 3.3 and
2.3 times as much Chla in the metalimnion as in the
epilimnion in 1982 and 1983, respectively.

Primary productivity was greater in the 0-4-m than in
the 4-8-m stratum during epilimnetic deepening and
throughout most of the winter until ice-loss. This pattern
most likely resulted from restricted light availability in
the lower stratum. There was very little difference in
primary productivity between these strata from ice-loss
until well into the stratified period of July.

The distribution of fixed carbon between the epilimnion
and the metalimnion during the year is-illustrated in the
lower panel of Figure 1.7. Even when metalimnetic
productivity rates were higher than in the epilimnion it was
rare for metalimnetic production to equal or exceed that in
the epilimnion. About 51 and 38 percent of the lake volume
are in the 0-4-m and 4-8-m strata, respectively.
Metalimnetic productivity would have to be sufficiently
great to exceed this difference in order to achieve greater
production, as was the situation in mid-January during

several days of relatively high light and no ice cover.

Phytoplankton community dynamjcs
One hundred twenty-one algal taxa were identified in

the plankton samples examined in this study (Appendix A).
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More species could have been identified if additional effort
had been directed towards the rare diatoms.

Four phytoplankton groups (Cyanophyta, Chrysophyta,
Bacillariophyceae and Chlorophyta) were represented by more
than 20 species (Table 1.2). The Pyrrhophyta, Cryptophyta,
and Euglenophyta were less well represented with 12, 8 and 3
species, respectively. Twenty species contributed more than
five percent of the algal volume at some time during the
study.

Five of the dominant species were large dinoflagellates
with cell volumes ranging from 25200 to 84600 um3. Although
these algae were always present in relatively low numbers
when they occurred, dinoflagellates often represented a
significant portion of the phytoplankton volume.

Another relatively large-celled form, Cyclotella
bodanica var. affines Grunow, (about 5000 um3) was the
single most important contributor to algal volume during the
study and was present at all times. Similarly, Cryptomonas
(the 1600 um3 size class) was a prominent biovolume
contributor. Mallomonas species were about the same size as
Cryptomonas but as a group they rarely attained dominance
even though they occurred in many samples.

Microflagellates frequently accounted for about five
percent of the algal volume. The cells in this artificial
group crossed divisional lines and were placed in one of

three size classes for enumeration, <3, 3-6 and 6-10 um
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diameter. Most of the cells counted in these size classes
were microflagellates but other nondescript cells were
placed here as well.

With the exception of the small cryptophyte,
Rhodomonas, the remaining dominant species were colonial.
Cell volumes of the colonial species ranged from 4.2 um3
(Aphanocapsa-Aphanothece) to 890 um3 (Chrysosphaerella).

Phytoplankton data are commonly presented as either
cells, biovolume or occasionally as algal units (particles)
per unit lake volume. Each approach emphasizes a different
aspect of the data and should be used accordingly. Each
approach will be addressed in the following discussion to
more fully characterize phytoplankton dynamics in Lawrence
Lake.

Algal cell sizes varied over four orders of magnitude
(4.2 pm3 to 84600 um3). Cells at either end of the range
can certainly not be considered physiological and/or
ecological equivalents. It can therefore be misleading to
compare seasonal dynamics of species using cell number.
Cell volume has been coupled to rates of metabolic activity
(Banse 1976) and when combined with cell numbers provides a
more acceptable basis for comparing phytoplankton dynamics
of mixed taxonomic units. The algal uﬁit incorporates
colonial morphology into the analysis giving each algal
part