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Abstract

A 43 cm by 5 cm diameter sediment core sample was obtained from Ford Lake reservoir in Washtenaw County,
Michigan, and sectioned at 1 cm intervals. The purpose of this study was to determine whether diatom communities
in this reservoir have undergone quantifiable changes in abundance and composition since its creation. Thirty-one
cm of this core appeared to represent material deposited since the creation of the reservoir based on changes in
diatom abundance, the physical composition of the sediment and the change in biogenic SiO; concentration. Forty-
seven species of diatoms were identified total concentrations of diatom remains varied from 1 x 10* g=' to 1 x 107
g~ 1. Prior to the establishment of the reservoir, the diatom flora was dominated by benthic taxa. Benthic diatoms
were numerous throughout the entire core, but eutrophic taxa (e.g., Aulacoseira italica, Aulacoseira granulata,
Stephanodiscus niagarae, Fragilaria crotonensis) dominated much of the core after the reservoir’s creation. Total
diatom density increased about tenfold in the about the first 10-15 years after the reservoir’s creation before

declining markedly.

Introduction

Reservoirs are engineered systems designed to retain
water for agriculture, flood control, municipal drink-
ing water or to generate hydroelectric power. Each of
these uses, however, requires different management
practices that have profound effects on the biologi-
cal, physical and chemical characteristics of the reser-
voir system. Reservoirs differ from lakes in that they
contain pumping mechanisms and discharge gates that
influence the limnological conditions present in each
reservoir; consequently the ability to manipulate sever-
al abiotic and biotic factors exists in these systems, but
it is difficult to predict the response of phytoplankton
communities to manipulations. In addition, because
the response of phytoplankton communities to induced
changes can occur over varying time scales, the rate
of change in algal populations in response to exten-
sive modifications in the reservoir ecosystem may not
become manifest for several years (Alavarez-Cobelas
& Arauzo, 1994).

Paleolimnological studies have examined diatoms
preserved in sediments to infer past trophic conditions
(Carney, 1982; Dixit et al., 1992; Smol, 1987; Stoer-
mer et al., 1985a). Ecological requirements for many
freshwater diatoms have been compiled and diatoms
are often excellent indicators of specific environmen-
tal conditions (Lowe, 1974). Paleolimnological tech-
niques have long been applied to lakes, but not nearly
as many studies have been performed on reservoir sys-
tems. With paleolimnological techniques, the rate of
change and response of diatom communities to chang-
ing reservoir conditions can be established, thereby
providing a basis for reconstructing the limnologi-
cal history of a developing reservoir. For example,
changes in diatom diversity, abundance and valve mor-
phology may indicate nutrient enrichment (Stoermer,
1978; Stoermer et al., 1985b). Furthermore, changes
in the proportions of benthic and planktonic diatoms
may indicate fluctuations in water retention (Soballe &
Kimmel, 1987).
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Our understanding of reservoir dynamics can be
enhanced by using diatoms as indicators of chang-
ing limnological conditions during the maturation of
a reservoir. Thus, the purpose of this study was to
determine whether diatom communities in a reservoir
in southeastern Michigan, USA (Ford Lake reservoir)
have undergone quantifiable changes in abundance
and composition since its creation. Land use in the
Ford Lake reservoir drainage basin is diverse includ-
ing urban, rural and industrial activities. The reservoir
has several documented cases of anthropogenic nutri-
ent enrichment and industrial contamination.

Materials and methods
Study site

Ford Lake (T19 N, R15W, Sec 8) was created in 1932
and is part of the Huron River watershed. It has a
surface area of 394 hectares, a maximum depth of
9.1 m and an average depth of 4.4 m (Fig. 1). Dissolved
oxygen profiles of the Ford Lake reservoir indicate
that throughout the reservoir and for most of the year,
oxygen concentrations are above 7 mg/l to a depth of
2 m (Owen, 1991).

Core sample preparation and analysis

A 43 cmlong, 5 cm diameter core sample was obtained
with a KB core sampler on October 11, 1991 from Ford
Lake, approximately 20 meters due west of the island
near the reservoir’s center (Fig. 1). The sample site is in
the deepest part of the transitional zone where the great-
est diversity of diatoms is likely to occur. The core was
frozen and stored at — 4 °C. During the sectioning pro-
cess, the core was kept frozen to limit distortion from
smearing and gas evolution. Samples were cut from
the frozen core at 1 cm intervals. Forty three samples
were weighed and dried at 95 °C for 12 hours.

One gram of dried sample material was taken
from each interval for diatom analysis. The hydro-
gen peroxide, potassium dichromate method was used
to clean diatom sample material (Patrick & Reimer,
1966). Sample material was rinsed in distilled water
and allowed to settle for 12 hours repeatedly until
the yellow dichromate color was removed. Diatom
material was removed, the volume of liquid contain-
ing diatom material was recorded and one ml of lig-
uid sample was placed on a 0.5 mm coverslip and
allowed to air dry. Three coverslips were prepared for

Table 1. Dissolved oxygen
concentrations (mg 1~!) in
Ford Lake at the core sam-
ple site averaged over all sam-
pling dates for each depth
from May 1990 through April
1991, (from Owen, 1991)

Depth N Dissolved
oxygen
(mgi~1)

0 40 101

1 40 9.8

2 32 9.6

3 30 9.4

4 28 9.2

5 20 8.6

6 20 8.4

7 19 8.0

8 10 5.4

9 4 54

each 1 cm interval. Hyrax® was used as a mounting
medium. Diatoms were identified and counted with a
Leitz Ortholux microscope with a 1.32 numerical aper-
ture and 1000 x oil immersion lens. Enumeration tech-
niques described by Glover (1982) were utilized dur-
ing analysis. Random transects were enumerated com-
pletely until approximately 150 diatoms were counted.
Between one and three transects were necessary to ful-
fill this requirement. Diatom valves and recognizable
portions of valves were counted as one intact unit.
Diatoms were identified by using standard taxonomic
keys, including Hustedt (1930) and Patrick & Reimer
(1966).

Biogenic silica analysis was conducted on core
intervals following the techniques described by Davis
& Simmons (1979) and the Braun-Lubbe, AutoAna-
lyzer 1 Method number 696-82.

Results and discussion

Reasonably accurate dating of a sediment core is essen-
tial for interpretation of limnological events represent-
ed by core stratigraphy. Unfortunately, we are unable to
date this core using conventional techniques, i.e., Cs-
137 or 219Ph dating; however, the Ford Lake core seems
representative of a period extending from the present
to a time period prior to the reservoir’s establishment
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FORD LAKE RESERYOIR

WASHTENAYW COUNTY MICHIGAN

Fig. 1. A map of Ford Lake reservoir. Asterisk indicates sample location.

(1932). This assumption is based on three observations.
First, both benthic and planktonic diatoms increased at
approximately the 31 cm interval (Fig. 2), an event
very likely associated with increased algal productivi-
ty typical of reservoir creation (Baxter, 1977). Second,
a gradual, modest increase in the concentration of bio-
genic silica in the 40-35 cm interval was punctuated
by an abrupt increase in silica from approximately 10
to greater than 40 mg kg~! of sediment near the 32 cm
interval (Fig. 2). Clearly, the increased in silica is con-
sistent with the increase in diatom remains found in
the reservoir sediments. Third, two visibly different
regions, 43 to 30 cm and 29 cm to surface, were evi-
dent in the core. The texture of material between 43
and 30 cm was a medium sand with dark grey silt.
The 29 cm to surface region was characterized by fine
light grey silt with some fine sand and did not display
laminations; however, a lamination was clearly visible
at the 30 cm depth. While we can never be absolutely
certain without more specific dating techniques, these
data suggest that the 30-32 cm interval corresponds to

the creation of the reservoir, i.e., 30-32 cm of sedi-
ment have accumulated site in the 60 years since the
reservoir’s creation. Although sediment deposition in
hydrologically dynamic systems such as reservoirs is
extremely variable, Ford Lake seems to have expe-
rienced an average net-annual sedimentation rate of
about 0.5 cm yr—! since its creation.

Forty-seven species of diatoms were identified
from the Ford Lake core with total abundance ranging
from a minimum of ~1 x 10* diatoms g~! in the 43 cm
interval to 1 x 107 diatoms g~! in the 25 cm interval
(Fig. 2). Regions of the Ford Lake reservoir are evi-
dently equally suited for the development of benthic
and planktonic diatom flora (Fig. 2). In both absolute
and relative abundance, benthic diatoms were general-
ly more numerous in the 40-32 cm region of the core
than in other regions (Fig. 2). In contrast, planktonic
diatoms began to dominate at the 31-29 cm interval,
Only in a few instances, e.g., 20, 14, 7 and 4 cm
intervals, did benthic diatom densities exceed plank-
tonic diatom numbers. The more abundant species of
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Fig. 2. The change in absolute density of diatoms (per gram of dry sediment), the percent composition of benthic and planktonic diatoms, and
the biogenic silicon concentration in a 40 cm core from Ford Lake reservoir, Michigan, USA.

benthic diatoms were Fragilaria brevistriata Grun.,
Fragilaria vaucheriae (Kiitz.) Peters, and Nitzschia
spp. The morphometry of the reservoir and fluctuating
water levels have no doubt contributed to the periodi-
cally high abundance of benthic diatoms. In particular,
the northern portion of the reservoir (North Bay) may
be acting as a source of benthic diatoms which are
being deposited down reservoir. North Bay is char-
acterized by shallow water (<2 meters), as well as
relative protection from wind and wave action; conse-
quently, aquatic plants are abundant only in this region
of the reservoir. Nutrient discharge from the Huron
River impacts this area first and undoubtedly stimu-
lates rich periphytic communities in the warm, shallow
water. In addition, the Huron River may be a source of
diatoms which are carried and deposited down reser-
voir, particularly during scouring events. For example,
heavy rain storms in April 1968 resulted in flow rates
>6900 cubic feet per second upstream of the reservoir,
a flow so large that it caused the collapse of a bridge
in a tributary of the Huron River just upstream of the
reservoir. Clearly, such events are conducive to scour-

ing, transport and deposition of materials, including
diatoms, far into the reservoir.

The absolute and percent abundance of diatoms
increased ten-fold at approximately the 31 cm inter-
val (Figs 3 and 4). This pattern was observed for
most species, particularly for planktonic taxa such as
Aulacoseira italica (Ehrenb.) Simons., A. granulata
(Ehrenb.) Simons., Stephanodiscus niagarae Ehrenb.
and Diatoma vulgare Bory. (Figs 3 and 4). After this
initial increase during the first 10 years of the reser-
voir’s existence, diatom density declined precipitously
in the 25 to 21 cm region (presumably the mid-1940’s)
of the core (Figs 3 and 4). Aulacoseira granulata,
Cocconeis placentula Ehrenb., D. vulgare and others
(Figs 3 and 4) are particularly exemplary of this pat-
tern. If we are correct in our assessment that the 32 cm
interval represents the creation of the reservoir, the
interval from 32-25 cm corresponds to approximate-
Iy the first 14 years after the reservoir’s creation and
a time period in which the reservoir rapidly became
eutrophic. The creation of a reservoir produces a large
body of water that is enriched with nutrients from new-
ly submerged soil and decaying plant material, Of the
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Fig. 3. The density (per gram of dry sediment) of diatom taxa in a 40 cm core from Ford Lake reservoir, Michigan, USA.

dominant planktonic species, S. niagara and Fragilar-
ia crotonensis Kitt. are often associated with eutroph-
ic conditions and increased dramatically before their
eventual decline (Figs 3 and 4). Stephanodiscus nia-
gara is particularly indicative of eutrophic waters in
the Great Lakes region of North America (Stoermer,
1978).

The dramatic decline in planktonic diatoms, par-
ticularly taxa representative of eutrophic conditions,
would suggest that nutrient concentrations and/or oth-
er conditions necessary for the growth of some diatom
species changed with the reservoir’s maturation. With
respect to nufrients, in particular phosphorus, there
is no reason to believe that concentrations declined.
The Ypsilanti Wastewater Treatment Plant on the north
shore of the Ford Lake reservoir was placed into ser-
vice in 1935 and remained operational through 1982.
As aresult of discharge from the plant and run-off from
other sources, the US Environmental Protection Agen-
cy estimated in 1975 that phosphorus loadings to Ford
Lake were seven-fold higher than necessary to result
in eutrophic conditions (USEPA, 1975), 44% of phos-
phorus loading was attributable to discharge from the
wastewater treatment plant. Today, phosphorus loads

to Ford Lake remain high, about five fold higher than
necessary to create eutrophic conditions (Owen, 1991).
On the other hand, some species have remained rela-
tively constant in density throughout the reservoir’s
existence, e.g., Nitzschia linearis (Ag.) W. Smith and
C. placentula, while others have oscillated in abun-
dance, e.g., F construens (Ehrenb.) Grun., N. acuta
Hantzsch. Consequently, it scems that at least phos-
phorus loading has been consistently high throughout
Ford Lake’s history and cannot be identified as the rea-
son for the dramatic decline in diatoms in the 2015 cm
interval.

The decline in diatom density also seems unrelat-
ed to silicon availability. The Huron River should be
a constant source of many elements, including silica.
Interestingly, estimates of biogenic silica did not cor-
respond to the pattern of diatom density and were quite
high in the top 25 cm of the core (Fig. 2); obviously,
these observations are not consistent with a hypothesis
of silicon limitation.

Numerous other hypotheses might be advanced for
the decline in diatom abundance, e.g. introduction
of metals and hydrocarbons from industrial sources,
changes in turbidity and chloride concentration due to
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Fig. 4. The percent abundance (per gram of dry sediment) of diatom taxa in a 40 cm core from Ford Lake reservoir, Michigan, USA.

increased urbanization in the watershed or alleopathic
interactions with blue green algae. Some combination
of these factors have probably caused the precipitous
decline in the density of some major planktonic diatom
taxa. This pattern may be characteristic of the response
of algal communities in reservoirs to environmental
stress from urban and industrial sources. The closing
of the Ypsilanti treatment plant and continued efforts
by industry to reduce metal and hydrocarbon discharge
into Ford Lake reservoir have probably stimulated the
recovery of diatom populations in the last ten years
(surface to 5 cm intervals). Further examination of a
series of impoundments each with an increasing per-
centage of urban and industrial land use patterns in their
respective watershed areas could help to verify this
proposed pattern. We can say with some certainty that
the species composition, absolute number of diatoms,
biogenic silicon regimes and phosphorus loading rates
indicate that Ford Lake reservoir has been eutrophic
since its creation.
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