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DISCLAIMER

This report to the Great Lakes Science Advisory Board was carried
out as part of the activities of the Ecosystem Objectives Committee
(formerly, the Aquatic Ecosystem Objectives Committee). While the
Board supported this work, the specific conclusions and recommendations
do not necessarily represent the views or policies of the International Joint
Commission, the Science Advisory Board or its committees.
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PROLOGUE

This Committee report is the second step of a lengthy process designed to
assess ecosystem quality in the Great Lakes basin using biological surrogates.
As with any committee effort, the final output largely represents group
consensus, but minority viewpoints are also represented as viable alternative
considerations. Because in one sense, we are plowing new ground, the output of
this contribution is not as even-handed as we would have liked, but rather, ranges
from proven fact to likely hypotheses of potential values for further
development. We do not apologize for the seeming inconsistency, as timeliness
in application is critical, and high precision a luxury we can ill afford.

As many of the premises, criteria and background concepts are similar to
those of a previous initiative designed to find appropriate biological surrogates
for oligotrophic lake ecosystems within the Great Lakes basin (Ryder and
Edwards, 1985), we will not repeat them here. Accordingly, we urge you to refer
to both the latter documents as well as the appendices of this document for
background material lending support to the principal thesis. '
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1.0 INTRODUCTION

A. Charge to Work Group

The Mesotrophic Indicators Work Group has been charged by the Ecosystem Objectives
Committee of the Intemational Joint Commission’s Science Advisory Board to identify
appropriate surrogate organisms for mesotrophic lake ecosystems of the Great Lakes basin. This
charge derives from the 1978 Great Lakes Water Quality Agreement, as amended in 1983 and
1987 (LJC 1988). The sections of the Agreement pertinent to our current charge are found in the
Supplement to Annex 1, dealing with specific objectives, which states that ecosystem objectives
should be developed for all of the Great Lakes basin, in addition to those which have already been
applied to Lake Superior. For the latter lake, the lake trout has been accepted as a key surrogate
organism and the crustacean complex typified by Pontoporeia hoyi, as an appropriate complementary
surrogate (Ryder and Edwards, 1985). In Annex 11 of the Agreement, ecologically acceptable
levels of these organisms have been proposed in order to ensure a healthy oligotrophic ecosystem.
Further background information on the development and rationale for the lake trout and Pontoporeia
as ecosystem surrogates may be found in Ryder and Edwards (1985). The current charge to the
Mesotrophic Indicators Work Group calls for not only identification and development of suitable
surrogate organisms for mesotrophic lake systems within the Great Lakes basin, but also for
quantitative assessment of the levels of abundance required for a healthy mesotrophic ecosystem.
The relevant sections of the Agreement are reprinted in Appendix A of this report.

ONTARIO

(1)  Western Basin of Lake Erie
\ (2)  Central Basin of Lake Erie
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‘\ (6)  Lower Green Bay in Lake Michigan
(7)  Black Bay in Lake Superior
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FIGURE 1. Principal geographic regions (numbered areas) of the Great Lakes
that were mesotrophic historically.




B. Mesotrophic Ecosystems

In terms of most classical definitions, mesotrophy occupies the intermediate position on the
oligotrophy/eutrophy scale (see Appendix B). For instance, mesotrophic ecosystems lie on a
trophic cline midway between the nutrient-poor oligotrophic systems and the nutrient-rich
eutrophic systems. Within the Great Lakes basin, mesotrophic waters are usually intermediate
in depth, although not necessarily so, and are represented by such waters as the western and
central basins of Lake Erie, the Bay of Quinte in Lake Ontario, Saginaw Bay and parts of
Georgian Bay in Lake Huron, lower Green Bay in Lake Michigan and Black Bay in Lake
Superior (Figure 1). Mesotrophic waters typically have fish assemblages that are qualitatively
different from those in oligotrophic and eutrophic lake systems, and are usually dominated by
percid communities (Hartman 1973; Leach et al. 1977). Benthic invertebrates also differ among
oligotrophic, mesotrophic and eutrophic systems, particularly in terms of oligochaetes
(Howmiller and Scott, 1977). Other benthic organisms such as the burrowing mayfly, Hexagenia
limbata, may find optimal habitat conditions in mesotrophic systems; the organism will diminish
in abundance as waters become either more oligotrophic or more eutrophic (or deeper or
shallower). In fact, mesotrophy may be viewed as qualitatively different from oligotrophy and
eutrophy, as determined from both its indigenous fish communities (Ryder and Kerr, 1978) and
the high levels of calcium found in bottom sediments (Ryback 1965). In this sense, mesotrophy
may be perceived as an ecological optimum for adapted organisms rather than only a clinal
intermediary between oligotrophy and eutrophy.

C. Surmrogate Organisms

Species that effectively integrate the physical, chemical and biological properties of an
aquatic ecosystem and thereby indicate its level of health relative to one perceived as "pristine”
or "ideal," are often termed surrogate organisms. These have been used previously, to assess
the relative well-being of an oligotrophic lake ecosystem within the Great Lakes basin, namely
Lake Superior (Ryder and Edwards, 1985), and to define the direction for a rehabilitation
trajectory (e.g. Regier er al. 1980) where ecosystem health departed markedly from the level
perceived to be ecologically appropriate. Germane to this process is the use of a dichotomous
key (Marshall e al. 1987), which provides the ecosystem manager with applicable standards for
which a health level determination may be made on a reasonably objective basis.

In order to qualify as a suitable surrogate species, an organism must satisfy a minimal set
of criteria:

be a strong integrator of the biological food web at one or more trophic levels;

be abundant and widely distributed within the system; and
s be one of perceived human value such that it may be easily sampled.
Other criteria, while perhaps not as critical, are nonetheless, important (Ryder and Edwards,
1985). Surrogate organisms in their role as integrators, reflect stresses ultimately, regardless of
where they have been introduced into the system. Hence, toxic contaminants that accumulate in
the bottom muds may be ingested first by a benthic detritivore, which is itself ingested by a bottom
feeding fish which, in tum, is preyed upon by a pelagic terminal predator. The latter species
would normally provide the most information as a surrogate organism because it would most
likely bioaccumulate the contaminant to detectable levels while the benthic invertebrate (or
benthic invertebrate community) may not and thereby serve as an early warning indicator of
impending system malaise. Yet, in another instance, where the total benthic community has been
subjected to an inordinately high, directed stress through the accumulation of contaminants in the

substrate, a benthic invertebrate may be the organism of choice for the determination of ecosystem
health.






2.0 HISTORY OF MESOTROPHIC WATERS IN THE GREAT LAKES
Water it

The historical record for comprehensive water quality measurements in the Great Lakes
mesotrophic waters is, with few exceptions, the contemporary record. In the western and central
basins of Lake Erie, for example, acceptable data (by present standards) for selected nutrients and
conservative ions began to appear in 1968 (Rathke and Edwards, 1985; Boyce et al. 1987). For
most of the measured parameters, the data indicate an improving trend in overall water quality.
An example of this improvement can be seen in the reductions to phosphorus loading and the
subsequent in-lake decline in total phosphorus concentrations (Figure 2). Conversely, trends in
nitrate plus nitrite concentrations have shown a consistent increase over the last twenty years
throughout the Great Lakes including the mesotrophic waters (Figure 3). The source(s) and
impact of these higher nitrate levels are unknown.

Clearly, one important outcome of cultural degradation of mesotrophic waters is anoxia of the
hypolimnetic zone. Since 1950, numerous accounts of oxygen depletion have been documented in
the western and central basins of Lake Erie. El-Shaarawi (1987) has concluded that water level,
water temperature of the hypolimnion and phosphorus concentration are the controlling factors in
oxygen depletion within the central basin of Lake Erie (Figure 4). On the basis of his model, it is
possible to construct situations where anoxic conditions occur even with phosphorus
concentrations less than current values, but these situations would require water levels to be lower
and/or water temperature to be higher than long-term averages. Such combinations are entirely
possible, a situation which gives credence to suggestions that hypolimnetic anoxia is not
necessarily a recent phenomenon (e.g. Charlton 1987).

Bartish (1984) observed an ephemeral period of anoxia in the bottom waters of the western
basin of Lake Erie and equated its cause with a brief period of meterological calm and high
oxygen demand at the sediment/water interface. Again, this sequence of events is not necessarily
restricted to contemporary conditions. Such events may have occurred after 1930 (or before) and
would provide an explanation for the shift in year-class dominance of Hexagenia, identified by
Chandler (unpubl.) in 1943 and described later in this chapter.

Another outcome of cultural degradation has been the accumulation of naturally occurring
and anthropogenically derived chemicals at concentrations that are either directly or indirectly
harmful to organisms (including humans) within the Great Lakes waters. Because a
preponderance of these chemicals is present in minute quantities in the water column, their
detection as represented by trend-through-time plots, has been limited by the slow development of
sophisticated analytical technology. To overcome this shortcoming, scientists have taken
advantage of the propensity of many of these chemicals to accumulate at detectable levels in
organisms and sediments.

The use of chemical concentrations in organisms has produced results that generally denote
an overall declining trend for the small selection of parameters investigated. For example, Figure
5 shows a declining trend in PCB concentrations in herring gull eggs collected from Saginaw Bay,
Green Bay and western Lake Erie. Conversely, the data in Figure 6 show a static situation for
dieldrin in eggs from the colonies at these same locations, even though most uses of dieldrin have
been banned since 1974.

The analysis of sediment cores, which is also a relatively new approach, has the advantage of
producing longer trend-through-time information through radiodating procedures (e.g. Reynoldson
et al. 1988). This feature, combined with chemical analysis of the radiodated sediment layers,
yields some rather impressive trend-through-time plots, as shown by the examples in Figures 7
and 8. These data, although limited in the number of parameters studied, unequivocally support
the supposition that the chemical degradation of the Great Lakes began to accelerate after World
War Il and reached its zenith in the late '60s and early *70s. Whether the present levels are
sufficiently low to permit an unencumbered recovery of the mesotrophic waters of the Great Lakes
is unknown.
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Benthos

The Great Lakes benthic community has clearly responded to anthropogenic changes in Lake
Erie, Green Bay, Saginaw Bay and the other mesotrophic regions of the Great Lakes. A long-term
data set documenting the benthic response to these changing conditions is available from the
westemn basin of Lake Erie. A complete record of changes in the central basin, Saginaw Bay and
Green Bay does not exist but there is sufficient evidence in these regions to demonstrate the onset
of a general system malaise in response to environmental degradation.

Early surveys of the western basin of Lake Erie were limited in scope, encompassing but a
small area and only one or two benthic taxa (Walter 1906; Osburn 1926a, b; Cutler 1929; Miller
1929). The first comprehensive survey was conducted by Wright and Tidd (1933) who sampled
the western basin in 1928, 1929 and 1930, and identified 41 taxa of benthic invertebrates (Wright
1955). In the major part of the limnetic region of the western basin, nymphs of the burrowing
mayfly, Hexagenia, were the most abundant benthic organism, more abundant than all other
organisms combined, while tubificid oligochaetes were rare. At the mouths of the Maumee,
Raisin and Detroit Rivers, tubificid oligochaetes were considerably more common, while Hexagenia
was rare or absent.

Shelford and Boesel (1942) surveyed the western basin in 1937 and identified three
communities, which they associated with physical conditions, turbulence and substrate. A
Goniobasis-Hydropsyche community was found in the turbulent rocky areas, primarily in the shallow
shoreline zones;, a Pleurocera-Lampsilis community was found in the sandy zones; and a
Hexagenia-Oecetis community was found in the less turbulent muddy zones, which constituted the
greatest part of the survey area. Other taxa common to these collections were the chironomidae
and tubificid oligochaetes.

Chandler conducted surveys of Hexagenia in 1941-43, which, unfortunately, have never been
published. However, an abstract of this survey (Chandler 1963) is notable for the evidence which
suggested that a year-class dominance shift had occurred between 1930 and 1940.

In 1950, Brown (1953) sampled 15 stations in western Lake Erie. Even though the sites and
sampling methods were not specified, the results are noteworthy as they were the first data
showing oligochaetes to be more abundant than Hexagenia in the benthic zone of the open lake.
Wood (1953), sampling with a large dredge in 1951-52, had similar results in that oligochaetes
were found in most samples and chironomids were about 50% as common as Hexagenia.

The most dramatic change in the benthic invertebrate community was shkown in samples
collected in 1953 by Britt (1955a, b). These data revealed large numbers of dead Hexagenia
nymphs in many samples, particularly in the region north of the Bass Islands, and low densities
elsewhere. This result was associated with an extended period of thermal stratification and low
oxygen concentrations.

Beeton (1961) provided evidence from a 1957 survey of the western basin that Hexagenia
numbers had declined dramatically and that oligochaetes and chironomids had increased in
abundance. Similar results were obtained in their 1958-1959 surveys.

In 1961, Carr and Hiltunen (1965) repeated the initial survey of Wright and Tidd (1933) by
sampling the same locations, using similar equipment. The benthic fauna was principally
composed of the oligochaeta, chironomidae, sphaeriidae and gastropoda. Stations near the
Maumee, Raisin and Detroit Rivers had large numbers of oligochaetes; stations with fewer
oligochaetes and a more diverse fauna were furthest from the influence of these rivers. The
population of Hexagenia had been reduced from an average of 139 m-2 in 1930 to less than 1 m=2 in
1961. From 1930 to 1961, there was an apparent nine-fold increase in oligochaetes, a four-fold
increase in chironomids, a two-fold increase in sphaerids and a six-fold increase in gastopods,
while Hexagenia was reduced to less than 1% of its former abundance.

SER.




Veal and Osmond (1968) sampled the benthos of the western basin and the nearshore areas of
the eastern and central basins of Lake Erie in 1967. This study found conditions similar to those in
a 1963 study by Brinkhurst et al. (1968) and 1963 and 1964 surveys by the Federal Water Pollution
Control Administration (FWPCA 1968). In general, the eastern basin supported a wide variety of
taxa, dominated by Pontoporeia hoyi and Hyalella sp. In the central basin, P. hoyi was predominant in
the eastern zone, while Spirosperma ferox was common in the western zone. The western basin
supported a large population of tubificids, with Limnodrilus hoffmeisteri and L. cervix as the dominant
species. The formerly dominant mayflies were only recorded in the eastern basin. These results
were verified by a subsequent FWPCA survey in 1967 and 1968. Additional studies by
Pliodzinskas (1978) from 1973 to 1975 and Keeler (1981) confirmed the wide distribution and
high densities of oligochaetes, the secondary importance of chironomidae, and the continued
absence of Hexagenia.

An extensive survey of the western basin in 1979 by Thomley (Ontario Ministry of the
Environment 1981) repeated the 1967 survey of Veal and Osmond (1968). Although the benthic
community was still dominated by the oligochaetes, Limnodrilus hoffmeisteri, L. cervix and L.
maumeensis, other tubificids such as Spirosperma ferox and the chironomidae accounted for a larger
percentage of the organisms compared with the 1967 survey. Additionaily, Hexagenia was found
near the mouth of the Detroit River. Thus, this study identified changes in the benthic community
which were indicative of improving conditions.

A survey conducted in 1982 by the U.S. Fish and Wildlife Service (unpublished) repeated the
earlier studies of Wright and Tidd (1933) and Carr and Hiltunen (1961). Hexagenia nymphs were
found in small numbers at the mouths of the Detroit, Raisin and Maumee Rivers. Numbers of
oligochaetes were noticeably lower, particularly at the river mouths, and the species composition
had changed significantly compared with the 1961 survey. These data provide quantitative
evidence of improving conditions in the nearshore waters of the western basin of Lake Erie,
including reduction in the numbers of species associated with eutrophic waters. Despite these
improvements, the mayfly was not even a minor component of the benthic community.

While most of the benthic data for mesotrophic regions are from the western basin of Lake
Erie, surveys have also been conducted in Saginaw Bay, Green Bay and other nearshore areas.
These data show a similar sequence of changes in community structure over time. In Green Bay,
the abundance of oligochaetes had increased, while amphipods, leeches, gastropods, sphaeriids
and Hexagenia had dramatically declined or disappeared between 1952 and 1969 (Surber and
Cooley, 1952; Howmiller and Beeton, 1970). Howmiller and Scott (1976), using an index derived
from the species composition of the tubificid oligochaetes, demonstrated a eutrophic to
mesotrophic cline from the Fox River to the upper bay. Cook and Powers (1964) observed a
similar trend when comparing the benthic fauna adjacent to Benton Harbor with that of a less
degraded area near Little Sable Point, Lake Michigan.

In Saginaw Bay, the results of three surveys between 1955 and 1965, showed similar changes
in the benthic fauna. Hexagenia declined from 63 m-2 in 1955, to 9 m-2 in 1956, to 1 m"2 in 1965.
Oddly, no concomitant increase in oligochaetes was observed, a phenomenon that Schneider ez al.
(1969) considered to be a conspicuous departure from the normal pattern observed following
Hexagenia declines, as typified not only by the Lake Erie experience but also observed in other
areas outside the Great Lakes, including Oneida Lake (Jacobsen 1966) and the Mississippi River
(Carlander et al. 1967).

In Lake Erie, Green Bay and Saginaw Bay, there is sufficient evidence to demonstrate a
characteristic response to environmental degradation in each system. In part, this response is due
to the inability of Hexagenia to tolerate extended periods of anoxia, resulting from nutrient loads
that are characteristic of many perturbed regions in the Great Lakes. Thus, the disappearance of -
the burrowing mayfly is an indication of a stressed mesotrophic system.
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With the exception of the phenomenon mentioned in Saginaw Bay, a sequential and orderly
response to environmental stress has been documented in each of the mesotrophic systems
described. This response is identified by the elimination of Hexagenia and the proliferation of a
community dominated by oligochaetes and increased numbers of chironomids. Thus, the
occurrence and population dynamics of Hexagenia make it an obvious choice as a complementary
surrogate organism depicting a healthy mesotrophic system. There are disadvantages in using
Hexagenia alone: there are no intermediate measures of system recovery; recovery may not yield a
Hexagenia dominated community but may instead produce an alternative mesotrophic climax
benthic community. In addition, the niche attributes of the organism are not completely known so
that causal links to system degradation are difficult to make.

Obviously, an organic substrate and aerobic conditions are essential requirements for
Hexagenia. Less obvious are the effects of contaminants, depth and predation on the maintenance
of a viable population of this species, a condition which would be indicative of healthy
mesotrophic ecosystems. Clearly, additional data will be required before these parameters can be
factored into a quantitative approach to the ecosystem management of mesotrophic systems that
utilize this species as an integrator organism.

FISHES

The commercial catch records for the Great Lakes dating back to 1867 were assembled by
Baldwin ez al. (1979). This compilation, as well as a synthesis by Hartman (1988) and reports by
Smith and Snell (1891) and Hile ez al. (1953), provide the information base for this section. While
catch statistics do not necessarily reflect the actual abundance of a particular species,
discrepancies are usually short-term. Such inaccuracies may be caused by: variation in effort
(fishing intensity), changes in fishing gear, changes in market prices, imprecise reporting,
non-reporting of illegal harvest, omission of sport-fish harvest, mixing of species (e.g. walleye and
sauger), pooling or splitting catch from different zones, and other factors of lesser importance.
Even with all of these qualifications, it is generally agreed that the data adequately represent the
abundance of the Great Lakes fishery over the period of record. Accordingly, these data represent
the only record available for tracing the long-term trends of species within the mesotrophic
ecosystem.

Walleye

Historically, most of the commercial fishing for walleye in Lake Erie occurréd in the western
and central basins. The harvest was relatively constant at about two million pounds (900,000 kg)
annually from 1915 until the mid 1930s (Figure 9), when a steady increase began, with the harvest
peaking at over 15 million pounds in 1956. This was followed by a precipitous decline to less than
86,000 (39,000 kg) pounds by 1969. Speculation on the reasons for this decline included
over-fishing as the foremost factor, followed by loss of the spawning habitat through siltation,
summer anoxia in the central basin hypolimnion, or loss of the burrowing mayfly in the westem
basin and predation on walleye fry by the proliferating populations of rainbow smelt.

Mercury contamination of western basin walleye, discovered in 1970, resulted in the closure
of commercial fisheries in Ontario and Ohio waters. Commercial fishing had been closed earlier
in Michigan waters for other reasons. This moratorium provided an opportunity for that
population to rebuild and the subsequent recovery of the walleye population has been impressive.
For example, the estimated fishable stock of walleyes longer than 37 cm in the spring of 1985 was
21.8 million fish, and the total allowable catch for all fisheries combined was set at 4.9 million
fish. Obviously, the environment was still able to sustain a thriving walleye population and
over-exploitation must have been a leading factor in the decline of the walleye during the 1960s.
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FIGURE 9. Commercial fish catch: Lake Erie (millions of pounds)

In Saginaw Bay, commercial harvests of walleye generally fluctuated between one and 1.7
million pounds (0.8 million kg) annually from 1890 into the mid 1920s. After that period, a
steady, rapid increase in catches occurred, peaking at two million pounds (0.9 million kg) in 1942
(Figure 10). An abrupt and considerable decline then took place and the species became
essentially "commercially” extinct by the mid 1960s (Schneider 1977). Schneider and Leach
(1979) concluded that the relatively high commercial catch of walleyes from 1932 to 1943 resulted
from a combination of three factors: high walleye abundance, improved somatic growth and
reduced minimum size limits. They also concluded that the severe collapse of the resource was
not due to sea lamprey predation and was only partly due to intensive fishing. They identified the
primary cause as recruitment failure, induced by the effects of pollution and sedimentation of the
critical spawning grounds. The loss of habitat hypothesis is supported by recent evidence of the
survival and reasonable growth of stocked walleye, although natural reproduction has yet to be
detected in the bay. Substantial reproduction does, however, occur in the Tittabawassee River.

In northemn Green Bay (Figure 11a), annual catches of walleye ranged between 150,000 and
300,000 pounds (68,000 and 136,000 kg) from 1891 to 1907. The harvest then dropped to under
100,000 pounds (45,000 kg); suddenly increased in 1947, peaking at 1.3 million pounds (0.6
million kg) in 1950; steadily declined to below 100,000 pounds (45,000 kg) in 1961 and was
essentially non-existent by 1969, when the commercial fishery was closed. Pycha (1961)
attributes the sudden increase during the 1947-57 period to an exceptionally strong year-class in
1943, in addition to strong year-classes produced in 1950, 1951 and 1952. Reviewing all available
evidence, Schneider and Leach (1979) concluded that it is unlikely that over-fishing, pollution and
sea lamprey predation, alone or in concert, caused the walleye decline in Green Bay since the late
1950s. Rather, they considered poor recruitment of walleyes from predation by alewives and/or
smelt on larval walleye as the cause for the decline. However, others consider that heavy
commercial fishing in the late 1950s was also a significant factor. During the last decade,
evidently as a result of stocking fingerling walleyes, populations are rebuilding and walleyes are
now more abundant than they were 10 to 15 years ago, and natural reproduction is now occurring
in the Whitefish River (Jerry Peterson, Michigan DNR, personal communication). About 30,000
pounds (14,000 kg) were landed by anglers in 1986, primarily from Little Bay de Noc.
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FIGURE 10. Commercial fish catch: Saginaw Bay (millions of pounds)

In southern Green Bay, catches of walleye were generally comparable to those in the northem
region from 1911 to 1930. Catches gradually declined to low levels until a slight recovery in
1945, with a peak catch of 120,000 pounds (54,000 kg) in 1946. The population then collapsed
and annual catches were consistently below 20,000 pounds (9,000 kg) after 1956. It is generally
considered (e.g. Schneider and Leach, 1979) that the long d