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ABSTRACT

Phytoplankton abundance and species composition in Saginaw Bay reflects
very high nutrient and conservative ion loadings. Typical of nutrient
stressed systems, seasonal succession and areal distribution are highly
variable, and large abundance and composition changes may be generated by
local meteorological events., Spring flora are dominated by diatoms such as
Fragilaria capucina and Stephanodiscus binderanus, which are associated with
the most eutrophied regions in the Great Lakes. Atypically large numbers of
benthic diatoms occur in Saginaw Bay plankton. Following the spring diatom
bloom, assemblages become dominated by blue-green and green algae, apparently
due to rapid silica depletion. Nuisance populations such as Aphanizomenon
flos-aquae and Anacystis cyanea are common. In late summer there is a second
increase in diatom abundance, apparently due to regeneration and recircula-
tion of silica from the sediments. This secondary diatom bloom is composed
of species such as Actinocyclus normanii var. subsalsa and Melosira granulata.

Our results show substantial export of phytoplankton populations from
the bay to Lake Huron. Under average wind conditions, most export occurs
along the southern coast and these populations are then entrained in the
general Lake Huron circulation and spread down the Michigan coast southward
from the bay. Under certain advective conditions, however, phytoplankton may
be discharged from the bay either northward or directly offshore.

Cytological analysis shows that many of the species present sequester
phosphorus in excess of their immediate physiological needs in the form of
polyphosphate bodies., Polyphosphate body formation may be triggered by
conditions which interfere with normal phosphorus metabolism, These include
phosphorus starvation followed by excess resupply, deficiencies in other
essential nutrients, or toxic effects which limit growth but not phosphorus
uptake. All of these conditions may occur in Saginaw Bay. Our analysis
further shows that populations exported from the bay contain excess

phosphorus and this biologically entrained loading may affect other areas of
southern Lake Huron.

Analysis of polyphosphate bodies also shows that significant quantities
of certain toxic trace metals, notably Pb, are incorporated into these
inclusions., The ultimate fate of this material has not been demonstrated,
but it may represent a previously unrecognized type of biological
incorporation and transport important in some areas of the Great Lakes.

We also investigated the relationship of total phytoplankton cell vol-
ume to protoplasmic constituent volume using quantitative morphometric
techniques. This analysis shows that crude cell volume furnishes a poor
estimate of actual living biomass in many populations, and indicates that
more refined techniques are necessary to correctly convert estimates of cell
number to estimates of biomass.
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INTRODUCTION

Saginaw Bay has probably always been one of the more productive regions
within the Great Lakes system. The productivity of the fishery resource was
undoubtedly one of the factors attracting early settlement in the area.
Other natural resources of the drainage basin provided the incentive for
early settlement and substantial economic growth in the region. The timber
resources of the Saginaw River and its tributaries were rich and easily
accessible which led to early development of the area and the establishment
of an early industrial base. Once cleared of its natural vegetation, much of
the land was found suitable for intensive agricultural practices. Finally,
the presence of subsurface resources, primarily petroleum and salt, made
possible the establishment of one of the midwest's centers of chemical
industry. Unfortunately, the development of the Saginaw-Bay City-Midland
industrial complex and intensive regional agriculture proceeded at the
expense of severe deterioration of water quality within Saginaw Bay. At the
present time it is one of the most seriously modified parts of the Great
Lakes system. During the past few decades Saginaw Bay has been beset with
water quality problems including obnoxious algal blooms, taste and odor
problems in municipal water supplies, and fish flesh tainting. The history
of these problems and the context of the present investigation have been
outlined by the International Joint Commission (1976). The literature
pertaining to pollution problems in Saginaw Bay has been reviewed by Freedman
(1974) and need not be extensively recapitulated here. It should be pointed
out, however, that the perturbation of primary producer communities in this
region reflects the effects of many factors. The most obvious of these are
the effects of excessive nutrient loadings. At the present time the waters
of Saginaw Bay are probably the most productive in the entire Great Lakes
system. The composition of the phytoplankton and benthic algal flora also
reflects the effects of extreme conservative element loadings. Although
these loadings have apparently been decreased to some degree in recent years
(Smith et al., 1977), the flora of the bay still contains many elements
usually found in brackish water. localities. Finally, although not
experimentally documented, certain population distributions within the bay
can most plausibly be explained by direct toxic effects.

Saginaw Bay is also an extremely dynamic system. There are strong
gradients in almost all factors of physiological interest between the lower
bay and the open waters of Lake Huron. As might be expected, these gradients
‘are reflected in the population and community responses of the phytoplankton
flora. This situation is complicated by the physical dynamics of the system
(Richardson, 1974). Idealized dilution gradients are grossly modified by
mass transport of water masses and their entrained chemical constituents,
fauna, and flora into and away from the bay. Schelske et al. (1974) have
demonstrated the transport of populations developed in Saginaw Bay into the
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open waters of Lake Huron. One of the most interesting aspects of this study
is the fact that there appears to be considerable selection among the
population components of the assemblage being transported. Certain
populations, primarily blue-green algae, appear to be conserved, in the sense
that their abundance is highly correlated with the concentration of
biologically conservative chemical elements being discharged from the bay.
Other populations, primarily diatoms, are apparently subjected to much
greater losses during transport. Because of the different physical
characteristics of the populations involved, it is attractive to attribute
such losses to sinking. Without further direct evidence, however, other
possible losses, such as predation or direct cell death and lysis, cannot be
excluded. Equally interesting, conservation of mass demands that transient
mass flow export of water from Saginaw Bay be compensated by import of water
masses from Lake Huron. Such water masses contain biological communities
adapted to physical and chemical conditions found in the open lake. As they
are diluted with, and enriched by, Saginaw Bay water such populations might
be expected to undergo variable responses ranging from death to growth
stimulation depending on both their own physiological requirements and the
degree and rate of mixing.

A meaningful analysis of such a dynamic system requires either extremely
intensive sampling, both areally and timewise, or recourse to simulation of
the system from a more limited measurement base. Since a sampling program of
the density demanded is probably beyond the available regional resources, and
the simulation approach offers the additional advantage of making more
reasonable forecast and hindcast projections, the primary emphasis in this
project was directed toward facilitating this type of analysis. A number of
types of information regarding phytoplankton are necessary. Since any
assemblage is likely to contain representatives of several major
physiological groups with differing absolute or relative nutrient
requirements, it is necessary that qualitative information be retained in the
model data input. It is also necessary that the input be in some uniform
measure. Since phytoplankton cells vary considerably in size, even within a
given species, it is highly attractive to rely upon some secondary estimate
of biomass such as total carbon or extracted chlorophyll.

Unfortunately this approach, although the one generally utilized in such
studies, is subject to a number of difficulties and the correlation between
such measures and independent estimates of phytoplankton biomass for
assemblages occurring in the Great Lakes is often surprisingly low :
(Vollenweider et al., 1974). Although considerably more laborious, direct
enumeration of the cells present and subsequent reduction of this information
to some standard unit appears to offer a desirable alternative, especially
since qualitative information can be preserved in the resultant data set.
Although perhaps the most desirable approach, this method is not without its
own significant difficulties. The most generally utilized approach is to
estimate the volume of the cells present, then to directly convert the
volumetric estimate to mass. As may be easily appreciated, precise estimates
of volume are difficult to obtain because of the complex form of many species .
and the degree of variability present in many populations. A fundamentally
more serious problem is the variation in cytologic structure and composition
between the major physiological groups of phytoplankton or, in some cases,
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within members of a single division. It has long been recognized (Lohmann,
1908) that relatively large proportions of the total volume of the cells of
certain phytoplankton species ‘are constituted by their vacuoles. If the
fractional volume constituted by metabolically inert wall materials is added
to this, it is easy to see that direct conversions from cell volume to
estimates of biomass are difficult to interpret precisely. It is indeed
unfortunate that estimates of phytoplankton abundance in the current
literature are reported in units of "biovolume" since this neither provides
an unambiguous estimate of biomass nor preserves individual population
abundance information. Perhaps the most commonly utilized method of
converting phytoplankton abundance estimates to estimates of biomass is
regression of cell volume or plasma volume estimates on independent estimates
of cell carbon content (Strathmann, 1967). While this method may be
applicable when dealing with relatively homogeneous oceanic phytoplankton
assemblages, it is somewhat questionable in a situation such as Saginaw Bay
which has exceedingly diverse assemblages containing many pseudoplanktonic or
tychoplanktonic populations.

These considerations make it evident that determination of precise
estimates of phytoplankton composition and biomass within the Saginaw Bay
system is a considerable challenge within the inevitable constraints of
available resources. Additional constraints are introduced by consideration
of the overall project objectives. The entire investigation involved the
first really large scale investigation on the Lake Huron system and consisted
of several components. Although each of the components was the prime
responsibility of a separate laboratory, they are linked to the project
reported here through a common sampling base. 1In some cases the data
generated by this project have been incorporated into the results of other
projects. The major projects interfacing with this one are the following:

1. A study of physical and chemical conditions in Saginaw Bay reported
by Smith et al. (1977).

2. Construction of a process oriented model of Saginaw Bay reported by
Biermann et al. (1980). One of the major efforts in the present
investigation was the generation of phytoplankton volume/abundance estimates
which provided a major input to the above study. The synthesized results of
this effort are reported there.

3. Studies of the distribution of primary consumer organisms in Saginaw
Bay and southern Lake Huron (Gannon, in prep., Stemberger et al. (1979).

4. Studies of physical and chemical conditions and biological
productivity in southern Lake Huron by Schelske et al. (1980).

5. A study of phytoplankton abundance and distribution in southern Lake
Huron by Stoermer and Kreis (1980).



MAJOR COMPONENTS OF THIS PROJECT

The major effort in this investigation was to provide data on
phytoplankton biovolume to support a model of processes in Saginaw Bay. This
information has been reported by Beirmann et al. (1980). For purposes of the
model, the data were summarized in categories representing the major
physiological groups of phytoplankton which occupy the base. It was felt
that the actual numbers of organisms and the time sequence of development are
also important in interpreting trends within the bay. This information is
reported in the first section of the present report.

The interpretation of cell volumes in terms of biomass, although
demonstrably preferable to traditional methods of biomass estimation,
contains certain problems which have not been adequately addressed. As part
of this study, we undertook research directed to developing a method of
estimating the actual viable fraction of the cell volumes of representatives
of the various physiological groups of phytoplankton found in Saginaw Bay.
The results of this study are presented in Section 2 of this report.

- Relatively early in the project it became apparent that at least certain
populations generated within Saginaw Bay exhibit delayed response to
phosphorus enrichment, or at least thrive far beyond the zones of the bay
most directly affected by high phosphorus loadings. Since some blue-green
algal populations contained polyphosphate bodies apparent at the light
microscope level, we undertook further research to investigate several
questions:

1. Are polyphosphate bodies quantitatively important in some of the
more abundant potential nuisance organisms, particularly species of
blue-green algae? )

2. Are the bodies present in populations advected from the bay in
sufficient quantitatives to allow further growth of potential nuisance
.organisms in southern Lake Huron?

3. Are the eukaryotic organisms which display distribution patterns
similar to thse blue-green algal populations also capable of storing excess
phosphorus in areas of high loading and subsequently metabolizing it after
being advected into areas not receiving direct loadings? :

The results of this study are reported in Section 3 of this report.
Also, as part of this study, we discovered that appreciable quantities of
certain heavy metals, particularly Pb, are also sequestered in polyphosphate
bodies in Saginaw Bay phytoplankton. These observations have been separately
published (Stoermer et al., 1980).



SECTION 1
DISTRIBUTION OF MAJOR PHYTOPLANKTON GROUPS

MATERIALS AND METHODS

The samples utilized in this study were taken in conjunction with water
chemistry and zooplankton samples as part of the combined study discussed
above. The general sampling strategy employed has been discussed by Smith
et al. (1977) and will not be recapitulated here.

In most instances phytoplankton samples were taken by submersible pump.
In some cases either Niskin or Van Dorn bottles were used due to mechanical
failures of the pumping system. In all cases the phytoplankton samples were
taken in 125 ml polyethylene bottles and fixed with 4% (vol./vol.)
glutaraldehyde immediately upon collection. Samples were kept on ice in
darkness until they were processed into slides.

Material was prepared for analysis by the membrane clearing technique
(Schelske et al., 1976). 1In most instances 50 ml of the original fixed
sample was prepared. Due to the extremely dense phytoplankton assemblages
encountered at some stations, it was necessary to reduce the volume filtered
in some preparations to either 25 or 12.5 ml.

Population estimates were developed from replicate 1 mm strip counts of
randomly selected areas of the slide preparations. Populations present were
enumerated and the mean dimensions of the taxa were recorded. Estimates of
the volume of the phytoplankton present were developed from calculations
based on approximate shape formulae of the species present. The volume data
were converted to an estimate of carbon biomass (Bierman et al., 1980).

Material fixed according to the schedule used for preparation for
electron microscopy (see Section 2) was used for verification of
identifications in some instances, since this procedure finishes superior
preservation of cellular structure.

The first sampling cruise took place 25 March. Relatively few stations
were actually sampled due to adverse weather conditions. Diatoms were
dominant in the samples taken, with very large populations present at cne
station in the southeastern sector (Fig. 1). The abundance of diatoms at
this station dominated the total abundance pattern, since other stations had
much smaller phytoplankton densities. Other groups were of minor importance.
Green and blue-green algae were noted at scattered stations, but heterocyst
forming blue-greens were totally absent. Flagellates were present at all
stations, but did not approach diatoms in total numbers.
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DIRTOMS BLUE-GREENS W/ OTHERS

GREENS BLUE-GREENS W/0

Figure 1. Distribution of major phytoplankton groups in Saginaw Bay for cruise
beginning 25 March 1974.



Much more complete sampling, particularly of the lower bay, was
accomplished during the second cruise which began 16 April (Fig. 2).
Although no station achieved the very high total phytoplankton density noted
during the previous cruise, there was an 1increase in the average
phytoplankton abundance at the stations sampled. Diatoms again were the most
abundant group, although the abundance of other groups increased
significantly. Isolated large populations of green and blue-green algae were
found, although heterocyst—forming blue-greens were still essentially absent.
The distribution of flagellates was interesting. Largest abundances were

found in the western half of the bay, which was opposite the trend of diatom
abundance.

The fourth cruise began 28 April (Fig. 3). Total phytoplankton
abundance continued to increase, with the largest proportional increases
occurring in the flagellate groups. As had been true during the previous
sampling period, there appeared to be an inverse relationship between the
abundance of diatoms and flagellates. Green algae began to appear in
significant abundance at stations in and near the Saginaw River. The
abundance of blue-green algae remained relatively low, and heterocyst-forming
taxa were still essentially absent.

The fifth cruise was started 13 May (Fig. 4). Overall phytoplankton
abundance continued to increase and extremely large abundances were noted at
stations near the mouth of the Saginaw River. All of the major phytoplankton
groups were abundant at one or more stations in this region. Flagellates
were less abundant at most stations than during the previous cruise, but
green and blue-green algae continued to increase. Relatively large
populations of heterocyst—forming blue-green algae were found for the first
time, particularly at shoreward stationms.

The sixth cruise was begun 3 June (Fig. 5). During this cruise, a
distinct change in the 