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ABSTRACT

DIFFERENTIAIL, EFFECTS OF GROWTH AND LOSS PROCESSES IN
CONTROLLING NATURAL PHYTOPLANKTON POPULATIONS
by

William Grady Crumpton

An investigation was made of factors controlling algal succession
in a small, oligotrophic lake during summer stratification. Weekly
measurements were made of grbwth rate, sedimentatio; rate and
population density for each of the dominant phytoplankton species.
Weekly diel measurements were made of zooplankton grazing rates using

l4¢c 1abeled algae. Cyclotella michiganiana was the dominant alga

through the end of June at which time Cyclotella comensis began to

increase, becoming the dominant by August. In August, high grazing

pressure caused the rapid declines of both C. michiganiana and C.

comensis which were followed by an increase of Sphaerocystis

Schroeteri. The combined effect of greater growth rates and lower loss

rates of C. comensis resulted in its dominance over of C. michiganiana.

In contrast, the C. comensis -~ S. Schroeteri succession clearly
resulted from differential mortality alone. It is likely that the
importance of losses due to sedimentation and/or grazing is large in
many lakes and that interspecific competition may be less important in

actually controlling seasonal succession.



ACKNOWLEDGEMENTS

I am deeply grateful to Dr. Robert G. Wetzel for his continued
advice, encouragement, and support throughout this investigation and my
graduate career. I am also very grateful to the remaining members of
my graduate committee, Drs. Donald J. Hall, George H. Lauff and Earl E.
Werner. Each of them has contributed greatly and differently to the
development of this work and especially to my own development.

I have benefited considerably from interactions with fellow
graduate students and researchers including Art Stewart, Dave Francko,
Kay Gross, Dave Hart, Jim Grace, Jim Gilliam, Joyce Dickerman, Gary
Mittelbach, Gary King and Dick Smith. A special thanks goes to Dr.
Clyde Goulden for open discussions and encouragement. Dr. Michael Klug
generously and without complaint allowed the use of his laboratory for
which I remain grateful. I would also like to acknowledge the
technical help of Jay Sonnad and graphical assistance of Anita Johnson.
A very special debt is owed to Dr. Gerald A. Moshiri for his unreserved
support and encouragement and to my parents for fostering an early
self-dependence.

I would most of all like to thank Beverly who has grown with me
these past eight years and whom I love dearly.

This work was supported by the U. S. Department of Energy
(EY-76-S-02-1599, C00-1599-178) and the National Science Foundation
(BMS-75-20322).

ii



TABLF. OF CONTENTS

LIST OF TABLES ... ittt it iiiitnetneeesnosasoeensosenensssansnsnsnas 1v

LIST OF FIGURES. ...ttt iiitiierttieeesosennosenssensnastsnassnssas v

INTRODU CTION . .t ittt ettt eneoesnosoennssoessnssconssosasososnsasnsons 1

DESIGN AND METHODOLOGY . it i vt ittt it etnnesansssoensentsasssonsansssas 2

Estimates of phytoplankton population size and r........ 3

Estimates Oof U and P..eeriernnnnnoneeeaeeeennnnesaaeeens 4

Estimates of zooplankton biomass and g.........c00veenn. 4

Estimates of s and f........iiiiiinieriiiienrnnrnnnnnnns 7

RESULTS AND DISCUSSION .. ...ttt trieeenoscseososenenannsnsnssssas 8

LITERATURE CITED. ... .ttt eeteeeneetoonnsrsonsesenssssnsnssssnosnsnses 21
APPENDIX A. DIALYSIS CHAMBERS FOR THE MEASUREMENT OF

PHYTOPLANKTON GROWTH RATE lﬂ SITU.. . iiiiieevenennnen 24

Literature Cited.....veieiereroeronsancanosssnsnnsenans 34

APPENDIX B. A METHOD FOR THE PREPARATION OF PERMANENT,
QUANTITATIVE MOUNTS OF PHYTOPLANKTON FOR
CRITICAL MICROSCOPY ... ottt veveeecesoossosccnonnnonns 37
Literature Cited......... et ec e e ettt e 48

APPENDIX C. NOVOLACS: SYNTHETIC RESINS SUITABLE FOR MOUNTING
BIOLOGICAL MATERIALS.......ittiittineerennrenrenneanes 49

Literature Cited......cuoiiitiirieeneeeneeneerennacanns 52

iii






LIST OF TABLES

Table Page
1 Comparison of the net concentration and transfer
technique with Haney's (1973) in situ technique...... 6
APPENDIX B
1 Mean number of organisms ml~l + S.D. of four
FePlicatesS .. vt iiiornnssnssonssesssssesssnsasssnnnos 46

iv






Figure

1A

1B

1c

1D

LIST OF FIGURES

Population curves for Cyclotella michiganiana

(=== ), Cyclotella comensis (——————),

and Sphaerocystis Schroeteri (- - - - - ). Error

bars denote 95% confidence limits.......ccecvveuuunnn ceen
Transparency (Secchi depth) in meters..........ceeeuusn

Grazing rates as % of epilimnion filtered hr—l,
The first of each pair of bars represents daytime
rates; the second represents nighttime rates.
Each bar presents mean of five replicates

(average C.V. = 227) .. ieeineeneeneneeeeeneoanennnnnnns

Daytime (--=----- ) and nighttime (—m —)
epilimnetic zooplankton biomass. Each point
represents mean of three replicates (average
C.V. = 10%). Dominant zooplankton were
copepods (>90%) from May through July and

Daphnia spp. (>90%) from August through October.......
Population curve (lower figure,------- ) and rate

budget (upper figure) for Cyclotella michiganiana
showing Y (e——————), g (hatched area), ¥ (— 8 ),

s (open area between hatching and ¥), and r (------ ). ..

Population curve (lower figure,————) and rate
budget (upper figure) for Cyclotella comensis
showing Y (ewe—————=), g (hatched area), ¥
(————), s (open area between hatching and ),

and r (-=-~-=--—- ) 2

Population curve (lower figure, - — -) and rate
budget (upper figure) for Sphaerocystis Schroeteri

showing M (ee—————e), T (—————), s (open area

between b and ), and r(-------- ) RN

Population curves (lower figure) and simplified
rate budgets (upper figure) for Cyclotella

michiganiana (-------- ), Cyclotella comensis
(—————) and Sphaerocystis Schroeteri (- - - -).

For each rate budget, the upper line represents

p and the lower line represents r......oeeeeeeeeesonens

\Y%

Page






Figure

APPENDIX A
Dialysis chamber....vvi ittt it iinnineeeenerennnnsnens

Predicted (o) and observed (o) densities for
Ez;}otella michiganiana. Error bars represent

95% confidence limits on phytoplankton counts.
Predicted densities have additional variance

due to errors in estimates of g (mean C.V. ca.

20%) and s (mean C.V. ca. 15%) .. iuueieenenennenenennnnn

Predicted (o) and observed (e) population

densities for Cyclotella comensis. Error bars

denote 95% confidence limits on phytoplankton

counts. Predicted densities have additional

variance due to errors in estimates of g (mean

C.V. ca. 20%) and s (mean C.V. ca. I15%)...ccvuvncnnnnnn

APPENDIX B
Settling chambers showing positions for (A) normal
filling and settling, (B) filling for nonturbulent

rinse and (C) dumping overlying water.........eeeeeee..

Empty vapor chamber............... Ceeeere i Ceereaen

vi

Page



INTRODUCTION

The dynamics of algal succession are of fundamental importance in
the ecology of freshwater lakes and, accordingly, much effort has gone
toward delineating factors which contribute to the rise and decline of
phytoplankton populations. The results of such study now make it
apparent that while losses due to grazing, sinking, and other processes
may at times be quite substantial, their impact will vary for different
populations and conditions. In addition, losses may have less apparent
effects upon the size of a rapidly reproducing population than upon that
of a stationary one. In order to assess the actual impact of various
processes, it is necessary to conduct studies in which population
increases due to growth and decreases due to grazing, sinking, and other
processes are determined simultaneously.

Unfortunately, such comprehensive investigations are rare and most
studies address community level processes, which reveal very little
regarding the populations involved. If phytoplankton ecologists are to
realistically address algal succession, it is imperative they initially
investigate population level processes. Primary production is obviously
dependent upon species characteristics as are sedimentation and other
transport processes. Indeed, grazing, even by filter feeders, is a much
more discriminatory process than is often realized (Porter 1977; Infante
1978; Starkweather and Gilbert 1978). Many other processes seem to
display a high degree of specificity as to the phytoplankton affected
(e.g. death due to parasitism or physiological extremes). If
successional changes are to be understood, the differential effects of
the above processes upon individual phytoplankton populations must be

considered.






The need for such consideration has not escaped previous
investigators, and attempts have been made to address the dynamics of
individual phytoplankton populations. The work of Lund (1949, 1950,
1954) is a well-known example of excellent investigation along these
lines. More recently, Knoechel and Kalff (1975, 1978) have utilized
autoradiography in an effort to determine the relative importance of
growth rates and loss rates in algal succession. However, neither these
nor other investigations have combined actual measurements of growth
rates and loss rates to delineaté phytoplankton population dynamics.

Such basic information from field systems is essential to an
understanding of the structure and function of natural communities.
Recent laboratory and theoretical investigations greatly increased our
understanding of certain major processes (Dugdale 1967; Greeney, et al.
1973; Droop 1974; O'Brien 1974; Tilman 1977). However, an understanding
of these individual processes provides limited insight unless we know

the frequency, intensity, and duration of their operation in nature.

DESIGN AND METHODOLOGY
The objective of this study was to construct a detailed population
growth equation for each of several major species of phytoplankton in
Lawrence Lake, a small (4.96 ha., z, = 12.6 m, Z = 5.9 m), oligotrophic
lake in southwestern Michigan (for a more detailed description, see
Wetzel et al. 1972). The components of the equation may be

conceptualized as:

r=u-g-s-p-f (1)
where T = predicted increase
u = growth (by cell division)






g = mortality due to grazing

s = loss due to sedimentation

p = mortality due to parasitism or physiological
extremes

f = flushing losses

are expressed as instantaneous rates for each population. The
logistical barriers to such an investigation are of course enormous and
a primary reason for the lack of previous study. This investigation was
limited to a consideration of epilimmetic populations during summer
stratification in 1979 and specifically to the diatom-green algal
succession which is a prevalent feature of this lake. Temperature
profiles were obtained twice weekly in order to track the epilimmetic-
metalimnetig boundary. Simultaneous estimates of growth rates and loss
rates were obtained for each phytoplankton population studied. Actual
rates of increase (r) were obtained independently based on population
changes. With these data, it is possible to assess the relative

import ance of these processes in phytoplankton population dynamics.

Estimates of phytoplankton population size and r:

Replicate phytoplankton samples were collected weekly from a
central station using an integrating tube sampler and were preserved
with 0.47% Lugol's solution. The samples were processed and the
phytoplankton counted using the technique described in Appendix B.
Using a combination of field and strip counts, between 100 and 1000
cells of each species were counted for each sample and 957 confidence
limits calculated as in Lund, Kipling, and Le Cren (1958).
Instantaneous daily rates of increase (r) between successive sampling

periods were calculated from






N7 = Noer7 (2)

where N, and Ny represent population estimates for successive, weekly

samples.

Estimates of U and p:

In this study, I used dialysis chambers (Appendix A) suspended in
situ to estimate growth rates of natural phytoplankton populations at
weekly intervals. The use of these chambers was critically evaluated
experimentally and in Lawrence Lake. Exchange rates of dissolved
material was very rapid and estimates of growth rates were not
statistically significantly different from those of natural populations
under the conditions of this study (Appendix A).

Triplicate dialysis chambers were filled with lake water from which
the dominant grazers had been removed by filtration through 153-um mesh
Nitex® netting. An aliquot of this water was preserved with 0.47
Lugol's solution for estimates of initial cell numbers (C, below). The
chambers were suspended at the depth of mean epilimnetic light intensity
using a surface-tethered buoy to provide agitation of the chambers via
wave action. After four days of incubation, the chambers were collected
and the incubated samples were preserved with 0.4% Lugol's solution.
Phytoplankton counts were made as described above on initial (C,) and

final (C4) samples. Instantaneous growth rates (u) were calculated from

Cy = Coeu4 (3)

For each incubation, physiological death (p) was estimated based on
direct microscopic evaluations of changes in numbers of dead cells.

Cellular and subcellular integrity were the criteria used to distinguish






living from dead cells. Cells were considered viable unless there was
visible damage to their cell walls or plastids.

Based on the work of Haney and Hall (1975), two sampling periods
were chosen for measuring zooplankton grazing rates. ,6Daytime (2-3 hours
past midday) and nighttime (2-3 hours past sunset) grazing rates (5
replicates each) were measured at weekly intervals using l%4C-labeled,

log-phase cultures of Chlorella pyrenoidosa of a mean cell diamter of

5 um. Zooplankton were collected from the epilimnion using vertical
tows with a calibrated net (153-um mesh size) and immediately
transferred to a feeding suspension of unfiltered lake water with ca.
103 cells ml~! of labeled C. pyrenoidosa (1-2 dpm cell™l), The effect
of this collection and transfer was evaluated by comparison with a
modification of Haney's (1973) technique. No significant difference was
found between collection rates estimated by the two methods (Table 1).
After a six-minute feeding interval, the zooplankton were collected on
153-um mesh netting, narcoticized with carbonated water, transferred to
liquid scintillation vials and preserved with 95% ethanol. These entire
samples were later processed using tissue solubilizers (Packard Soluene
350) and their radioactivities determined with liquid scintillation
radioassay. Counting efficiencies were obtained from a quench curve
constructed using internal standards. For controls, zooplankton were
killed with ethanol prior to the feeding incubation and then processed
as were the other samples. Based on the volume of water from which the
zooplankton were collected and on their feeding activity, grazing rates
were calculated as % volume cleared hr-l, Daytime and nighttime hourly
rates were assumed constant for daytime and nighttime periods, and were

used to calculate instantaneous rates of mortality due to grazing (g).



Table 1. Comparison of the net concentration and transfer technique

with Haney's (1973) in situ technique.

Relative collection rate (+ S.D.; n = 3)

Species Net concentration Haney chamber
Daphnia pulex 4.2 + 0.4 4.4 + 0.4
2.3 +0.2 2.0 + 0.2
Daphnia galeata mendotae 1.6 + 0.2 1.5 + 0.2
Calanoid copepods 0.34 + 0.04 0.37 + 0.05






For biomass estimates, triplicate zooplankton samples were
collected as described above, narcoticized with carbonated water and
preserved with 95% ethanol. Total zooplankton volume (ul zooplankton
171) was measured for each sample using a graduated column. Zooplankton
were not counted, but representative samples were examined and the major

forms identified.

Estimates of s and f:

Current methodology does not allow an EB_EiEE_measure of species-
specific sinking rates. Therefore, in this study, I estimated sinking
losses from the epilimnion during a specified interval using
sedimentation traps placed just below the epilimmetic-metalimmetic
boundary. The placement of the traps was adjusted twice weekly to the
gradually changing epilimnetic-metalimnetic boundary.

The traps used in this study were cylinders with a height:width
ratio of 23 (43 cm long x 1.9 cm dia.). The critical work of Hargrave
and Burns (1979) indicates that traps of this design collect with
95-100% efficiency in water moving less than 5 cm sec™l. Thus, when
suspended in metalimnetic layers, as in this study, such traps should
provide reasonable estimates of sedimentation.

Each week, triplicate sedimentation traps were suspended just below
the epilimnetic-metalimnetic boundary and harvested the following week.
The traps were initially filled with filtered (0.5-pm) lake water, and a
layer of Lugol-NaCl solution was placed in the bottom of each trap to
preserve sedimenting organisms. The material collected was assumed to
represent cumulative loss from the epilimmion per surface area of trap
opening. Instantaneous rates of loss due to sedimentation (s) were

calculated from






S = {)7 SN, dt (4)

where Ny = Noe! = population size at each instant and S = total number
of cells sedimented volume~!l during the 7-day trapping period.

Integrating and solving,
s = (r8)/(Ng-N,) (5)

Base flow of Lawrence Lake inlet streams is very low compared to
epilimnion volume and flushing losses could only be significant during
storm events. Flushing losses (f) were calculated assuming that all
precipitation impinging on the drainage basin went through the
epilimnion. At no time did flushing losses calculated in this manner
reach more than a few per cent and they are thus assumed to be

insignificant.

RESULTS AND DISCUSSION

From spring through midsummer, Cyclotella michiganiana and C.

comensis strongly dominated the phytoplankton in terms of numbers,
biomass and production. In August there was a precipitous decline of

Cyclotella followed by an increase of Sphaerocystis Schroeteri (Figure

1A). These three species comprised >90% of the total phytoplankton from
mid-June through September, and the following analyses are restricted to
their dynamics.

The decline of Cyclotella and subsequent increase of Sphaerocystis

is strikingly mirrored by changes in Secchi depth water transparency
(Figure 1B). Data shown in Figure 1C suggests that grazing pressure was

a major factor in the Cyclotella-Sphaerocystis succession. Grazing

rates were relatively low through June, reached a peak in August during



Figure lA.

Figure 1B.

Figure 1C.

Figure 1D.

Cyclotella comensis (

Population curves for Cyclotella michiganiana (-

), and Sphaerocystis

Schroeteri (- - = =). FError bars denote 95% confidence

limits.
Transparency (Secchi depth) in meters.

Grazing rates as % of epilimmnion filtered hr=l. The first
of each pair of bars represents daytime rates; the second
represents nighttime rates. Each bar presents mean of

five replicates (average C.V. = 22%).

) and nighttime (

Daytime (- ) epilimnetic
zooplankton biomass. Each point represents mean of three
replicates (average C.V. = 10%). Dominant zooplankton were

copepods (>90%) from May through July and Daphnia spp.

(>90%) from August through October.
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the decline of Cyclotella and remained high for the duration of the
study. These seasonal patterns in grazing were related to quantitative
changes in the zooplankton community (Figure 1D). In addition, the
seasonal increase in grazing pressure in early August (Figure 1C)
corresponded to a shift from a copepod community to one dominated by

Daphnia pulex and Bflgaleata mendotae.

It is obvious that there was a striking diel periodicity in grazing
pressure, with consistently higher rates at night (Figure 1C). It is
also obvious that this diel pattern was related to increases in
zooplankton biomass at night, presumably due to migration from deeper
strata (Figure 1D). However, the well established nocturnal increase in
feeding activity of individual zooplankton (Haney and Hall 1975) must
also have contributed to the higher grazing pressure at night and it is
not possible to separate the relative contribution of that effect.

Estimates of b, s, and r are avilable for each population.

However, grazing rates are based on collection of Chlorella and are thus

not independent estimates for each population. Cyclotella michiganiana

and C. comensis are small centric diatoms whose diameters ranged from
8-16 ym and from 4-10 ym respectively in this study. Gut analyses
showed that both Cyclotella species were readily ingested by Lawrence
Lake zooplankton. While some selectivity is likely, the methods
employed do not allow separate estimates of grazing mortality for these
‘two populations. It is therefore necessary for the current study to
assume both Cyclotella were grazed at the measured rates. In contrast,

Sphaerocystis Schroeteri is a large colonial green alga, and colonies

commonly exceeded 40 ym in diameter. Gut analyses showed no ingestion

by Lawrence Lake zooplankton (including Daphnia pulex and D. pgaleatae
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mendotae) during the period of this study. Sphaerocystis is certainly

ingested by large Daphnia (Porter 1976, 1977) and gut analyses of
Daphnia collected from Lawrence Lake in October, 1979 showed substantial
ingestion at that time. However, since ingestion was not found during

the period studied here, g is set equal to zero for Sphaerocystis.

In the successional pattern shown in Figure 1A, C. michiganiana was

the dominant alga through the end of June at which time C. comensis

began to increase. During July, C. michiganiana declined slightly while

C. comensis continued to increase becoming the clear dominant by August.
With the increased grazing pressure in August, there was a rapid decline

of both C. michiganiana and C. comensis followed by an increase of S.

Schroeteri.

Returning to the conceptual framework established earlier (Eq. 1),
it is now possible to critically evaluate the roles of growth, grazing
and sedimentation in the dynamics of these phytoplankton populations.
Physiological death was never sufficiently significant to measure for
any of these populations and, as stated above, flushing losses were

negligible. The population growth equations can thus be simplified to
T=pu-g-s (6)

for C. michiganiana and C. comensis, and to

T=u-s (7)

for S. Schroeteri.
These rate equations and corresponding population curves are
plotted for each population in Figures 2, 3 and 4. Growth rates of C.

michiganiana (Figure 2) declined initially, but showed no clear trend

after late June. However, sedimentation losses were quite large and
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effectively offset growth, so that T was near zero from late June
through July. In August, additional losses due to grazing reduced ¥ to
less than zero. Growth rates of Ef comensis (Figure 3) declined through
most of its growth period but stabilized and then increased as grazing
pressure (and presumably nutrient regeneration) increased in August.
Sedimentation losses were occasionally large but generally insufficient
to offset growth. Consequently, T remained positive until August when
high grazing losses reduced r of C. comensis to well below zero. Growth
rates of S. Schroeteri (Figure 4) showed no clear trends, but
sedimentation losses (the only significant loss suffered) never offset
growth so that T was always positive during the study period.

Given the close correspondence between T and r in Figures 2, 3, and
4, plots of U and r may be used to examine the role of growth and loss
processes in the seasonal succession of these phytoplankton. The

difference between ¥ and r represents net loss (d), such that
r’—'u-d (8)

These rates and corresponding population curves are plotted in
Figure 5. Although C. comensis had consistently higher growth rates

than C. michiganiana, it is obvious that their succession was not

simply due to differential growth. C. comensis was smaller than C.

michiganiana and, as might be expected, suffered lower sedimentation

losses. It is the combined effect of higher growth rates and lower loss
rates of C. comensis that led to the observed pattern. In contrast, the

C. comensis-S. Schroeteri succession clearly resulted from differential

mortality.

These results have interesting implications regarding the relative
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importance of growth and loss processes in phytoplankton population
dynamics and thus community structure. In particular, these results
contradict the argument that mortality due to sedimentation and grazing
is generally insignificant and that competition is the major force
controlling phytoplankton populations. For example, the idea that the
epilimnion is a continuously, vigorously mixed layer is widespread in
aquatic ecology. As a result, losses due to sedimentation are generally
thought to be insignificant for the smaller phytoplankton. However, in
Lawrence Lake, temperature profiles indicated that periods of
epilimnetic stagnation were quite common, particularly in midsummer.
During these times, sedimentation losses were quite large and a'major
force affecting community structure. Most likely, this loss is true for
a majority of lakes since, particularly in temperate, continental
regions, midsummer includes a number of rather long periods of very low
winds and very high heat inputs. As a result, periods of epilimnetic
stagnation are probably accompanied by substantial losses of
phytoplankton by sedimentation.

Another widespread idea is that mortality due to grazing 1is
relatively unimportant in phytoplankton community structure. It is
generally conceded that if grazing pressure were sufficiently high, it
could alter community structure, but it is argued that grazing pressure
is generally low. However, in Lawrence Lake, it is obvious that grazing
mortality was a major factor affecting phytoplankton population dynamics
and resultant community structure during the midsummer period
investigated. While it 1is not reasonable to generalize on the
importance of grazing from this single detailed study, similar results

of grazing effectiveness exist in the literature at this time. Studies
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which conclude that grazing is insignificant rarely involve actual
measurements of grazing rates. In contrast, when grazing rates have
been measured directly, the results have consistently indicated grazing
to be of significance at certain times of the year.

Competition for nutrients or other resource limitations have long
been suggested as important factors in the seasonal succession of
phytoplankton, although the argument has recently been formalized
(Kilham and Tilman 1979). Field demonstration of the importance of
competition in phytoplankton population dynamics is sorely lacking.
Based on growth rate data of this study, it is possible to speculate on

the importance of competition in the Cyclotella michiganiana - C.

comenis succession in Lawrence Lake.

In order for resource competition to affect succession, growth
rates must be affected. Although the effects of competition might be
delayed because of internal nutrient stores, unless these effects
finally appear as reduced growth rates, no operative role can be argued
for competition. An analysis of the growth rate curve of C. comensis
suggests possible iﬁtraspecific competition. As the population
increased, growth rates steadily declined. However, with the onset of
high grazing pressures and presumably high rates of nutrient
regeneration in August, growth rates first stabilized and then increased
to near maximum. However, an analysis of growth rate curves (Figure 5)

shows no depression of Cyclotella michiganiana growth rates by C.

comensis. Although interspecific competition may have been involved,
its effects did not appear as modifications in growth rate before loss

processes eliminated C. michiganiana from the community. The

implications of these results seem obvious; namely it can not be
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assumed, and should not be expected, that such highly dynamic systems as
lakes will remain stable for sufficiently long time periods for
competitive displacement to occur. This lack of stability is especially
true when the effects of competition are delayed due to internal
nutrient stores which are commonplace in planktonic algae.

Clearly, despite much effort the field of phytoplankton population
dynamics and succession is little understood. However, future
developments will profit most from carefully executed investigations of
natural populations in concert with detailed mechanistic studies in the

laboratory and appropriate theoretical advances.
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APPENDIX A

DIALYSIS CHAMBERS FOR THE MEASUREMENT OF

PHYTOPLANKTON GROWTH RATE IN SITU

ABSTRACT
A dialysis/cage culture technique is described and its use for
estimating growth rates of natural phytoplankton populations in situ is
critically evaluated. Samples from which grazers had been eliminated

were incubated in situ in Plexiglas chambers with Nuclepore

polycarbonate membrane side walls. Growth rates of phytoplankton in
these chambers were corrected for measured grazing and sedimentation
losses and compared with actual rates of increase of natural
populations. No significant differences were found between the two

estimates.
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A major obstacle to the study of phytoplankton population dynamics
has been the lack of suitable methodology. Species-level productivity
measurements have been a particular problem, and as a result,
phytoplankton have commonly been considered a single, homogeneous entity
in terms of productivity. Recent advances using track autoradiography
held promise of extending the 14C—uptake technique to the consideration
of species-level productivity (Knoechel and Kalff 1976). Unfortunately,
the fixatives required for autoradiography cause large and variable
losses of lé4c (Silver and Davoll 1978, Brock 1978, Crumpton and Wetzel
unpublished data). In addition, the lag technique suffers from such
inherent problems as bottle effects, the uncertain relationship between
14C--uptake and particulate carbon fixation, and difficulties in
estimating nighttime respiration and excretion losses.

Given this bleak outlook for meaningful estimates of 14C-uptake, a
more suitable and more direct measure of growth rate might be obtained
from changes in population size. Estimates of growth rates based on
changes in population size have been attempted only rarely for
phytoplankton due to the uncertainties introduced by grazing, sinking,
and other loss processes. In order to calculate growth rates from
population changes, these losses must either be eliminated or measured.

One very promising approach which has been poorly exploited is the
use of dialysis or cage cultures suspended in situ. With this approach,
grazing and transport losses can be eliminated and mortality from other
processes estimated from changes in numbers of dead cells. The growth
rate of each population can thus be estimated based on changes in the
number of living and dead cells over a specified time interval. Despite

a long history in the study of micro-organisms (reviewed by Schultz and
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Gerhardt 1969), dialysis/cage culture has seldom been applied to the
study of aquatic algae and only recently extended to the study of mixed
natural populations. This area has been recently reviewed by Jensen,
Rystad and Skoglund (1972), Sakshaug and Jensen (1978) and Eide, Jensen
and Melsom (1979), although the works of Braune (1966a & b, 1970a & b,
1972, and 1975), Pierre (1969), Owens et al. (1977) and Laake (1978)
were apparently overlooked. While previous studies have provided
considerable information on algal growth in dialysis/cage culture, none
has critically evaluated the use of cage cultures for estimating growth
rates of natural populations. In this paper, I describe an improved
dialysis/cage culture chamber and critically evaluate its use for

estimating growth rates of natural phytoplankton populations in situ.

Dialysis/cage culture chambers (Figure 1) were constructed from
cast Plexiglas tubing (7.6cm OD, 0.64cm wall thickness). In case of
slight irregularities in the Plexiglas stock, the components of each
chamber were cut as adjoining sections. Holes were drilled through as
shown and fitted wit<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>