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ABSTRACT

The desirable characteristics of a biological indicator of mesotrophic conditions are: that it should provide an

appropriate and interpretable endpoint; that it should be achievable if corrective measure afe taken, that is it

should be within the environmental continuum; and that progress towards the objective can be measured.

Historical data bases from the Great Lakes suggest that Hexagenia limbata, provides an appropriate endpoint,

that the tubificid oligochaete community can be used to determine recovery, and data from other systems shows

that Hexagenia can return to locations where it was formerly abundant.




MANGEMENT PERSPECTIVE

A requirement under thé- recently revised Water Quality Agreement signed by the governments of Canada and
the United States is the develo’pmeﬁt of ecosysfem objectives for various componets of the Great Lakes system.
This report proposes siich an objective that can be applied to more naturally productive areas of the basin, such
as western Lake Erie, Green Bay and Saginaw Bay. The objective utilises the fact that the burrowing mayfly
was formerly a major portion of the biological community and as such was likely of great importance in the food
chain, The demise of this species has been related to pollution of the lakes, yet refuge populations still remain
and the return of this species to its former habitats would be an indicator of recovery of systems from which it
has been absent for 20-30 years. The recommendations in this report if édopted would drive both remediod

action plans and allow monitoring of the success of any remedial actions taken.
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EXECUTIVE SUMMARY

A standard approach to managing water quality has been the developinent of objectives and criteria. Until

recently however such criteria and objectives have been chemical only, and have established concentrations of

chemicals as targets. This approach while practical in the sense that such concentrations are absolute measures '
and thus easy to use, in that "pass - fail" is obvious, is of less value when examined more critically. Concerns
with water quality ultimately relate to “health” concerns; both human and that of the biological éommunity_._
Therefore a beginning is bemg made in the development of objectives that more accurately represent such »
values. This report proposes that the abundance of a key component of the benthic invertebrate commiunity be
ed that if a healthy

used as an objective for shallower more productive regions of the Great Lakes. It is suggest
that they may be

reproducing population of the burrowing mayfly, Hexagenia limbata, is present in such areas,

considered as being of good quality.




RESUME

Les caractéristiques souhaitables d'un indiecateur biologique
des eonditions mésotrophiques sont les suivantes: {1 doit
eonstituer un stade final approprié et 1nterpr§tab1e; ce
stade doit &tre ré&alisable, avee la nise en applieation de
mesures eorrestives, c'est—3-dire qu'il doit tre {ntégré
dans le eontinuum environnemental; et 1'&volution vers
L'objeetif doit &tre mésurable. Les bases de données

ehronologiques sur les Grands Lacs indiquent que Hexagenia

L4{mbata constitue un stade final appropri€@, que la zommunauté

d'oligoechetes tubisoles peut servir 3 {ndiquer le
rétabli{ssenent et, enfin, que des donn@es reaueillies dans
d'autres réseaux hydrographiques montremnt que Hexagenia peut

reeoloniser des seeteurs ol 11 &tait autrefois abondant.



PERSPECTIVE GESTION

Une exigence de L'Aecord relatif 3 La qualit€ de 1'eau dans
les Grands Laas, signé par les gouvernements du Canada et des
Etats-Unis, et récemment'révisé, econeerne L'€laboration
d'objeetifs pour diverses composantes de L'Eeosystéme des
Grands Laes. Ce rapport propose un objeetif qui peut
s'appliquer & des régions plus naturellement produetives du
bassi{n eomme la partie ouest du lae Eri&, la baie Green et la
baie Saginaw. L'objeeti{f découle du fait que 1'éphémere
foulsseuse constituait autrefois une eomposante majeure de la
eommunauté biologique et, 3 ce titre, avait probablement ume
grande importanee dans la chafne ali{mentaire. Cependant,
bien que la régression de 1'esp@ece soit 1ie 3 la pbllﬁtion
des laes, 1l existe encofe des populations.relictes, et le

retour d'Hexagenia dans son ancien habitat serait un




)

indice du rétablissement des réseaux hydrographiques qu'elle
a désertés depuis vingt 3 trente ans. Les rezommandations de
ce rapport, si elles sont adoptées, préeonisent 1'application

de mesures correctives et le sufivi &ecologique de 2es

interventions.



RESUME

Une approche normalis€e de gestion de la qualité de 1'eau
consdstait 3 €laborer des objeetifs et des eritéres.
Cependant, jusqu'd récemment de tels aritéres et objeetifs ne
cancerﬁaient que Ye domaine de 1a ehimie et les eibles
€tajent des coneentratifons &tablies de substanses chimiques.
Malgré son 26té pratique dans le sens ol de telles
eongentrations 2onstituent des mesures absolues et sont
faciles 3 utiliser, e'est—-3-dire qu'il est alair qu'elles
satisfornt ou ne satisfont pas 3 la norme, ecette approche a
moi{ns de valeur lorsqu'on 1'examine d'un oeil plus aritique.
Les préoeecupations sur 1a qualit€ de 1'eau sont en définitive
11&es 3 celles sur la "sant&", tant pour la ecommunauté
biologique que pour Y'homme. En eonséquence, on a eommencé 3
&laborer des objeetifs qui représentent ees valeurs avee une
plus grande exaetitude. Ce rapport propose que 1'abondanee

d'une composante elé de la communaut& d'invert&brés



benthiques solt utilisée comme objeetif dans les zones moins
profondes et plus productives des Grands Laes. Ainsi, la
présenece d'une population saine et reproduetrice de

1'€éphémére fouisseuse Hexagenia limbata dans de tels secteurs

gndiquerait 1a bonne qualité& du mitiea.



INTRODUCTION

The most sighificant impacts on the Great Lakes from human activity, have been eutrophication, toxic
contaminants, and habitat loss. As part of the Great Lakes Water Quality Agreement, objectives have been
established for many chemicals of concern. There bas, however, been a developing awareness that chemical
objectives alone are insufficient as an indication of overall health of the Great Lakes ecosystem, and that
ultimately the biological integrity of the ecosystem is of prime concern. Therefore biological criteria are more
appropriate. Accordingly, more broadly based, integrative, ecosystem objectives require development.

Past approaches to lake classification systems have used geological background, thermal regime and trophic
level. While arguably the classification of lakes into oligotrophic, mesotrophic and eutrophic is simplistic, and in
reality, lake habitats comprise a continuum of productivity, the trophic se‘fies does provide an intellectual
framework and individual lakes do have a specific level of productivity determined by morphology, climate, and
watershed characteristics. However this specific level of productivity can be affected by changes in any of the

determining variables.

A previous initiative (Ryder and Edwards 1985) in developing biological criteria was the recommendation of an
oligotrophic index. This utilizes aspects of lake trdut and Pontoporeia hoyi populations and has been
incorporated into the recently revised Great Lakes Water Quality Agreement signed by the Governments of
Canada and the United States in 1987. However, this index can only be used in evéluating the larger lakes such
as Superior, Michigan, Huron and Ontario. These components of the Great Lakes system have historically
been less prodictive and may be characterized as oligotrophic. In contrast large, shallow embayments, such as
Green Bay, Saginaw Bay, Hamilton Harbour, the Bay of Quinte and Lake St. Clair and the shallower west and
central basins of Lake Erie, are naturally more productive regions of the basin. These historically would have
bceﬁ more appropriately characterized as mesotrophic. No index has been developed for these regions and

therefore an ecosystem objective for these areas is required.

This paper proposes that aspects of the benthic invertebrate community are appropriate as indicators of
ecosystem health, and that characteristics of this component of the lake community are suitable for objective
development. The background, historical changes, and current conditions are described for selected
mesotrophic systems in the Great Lakes particularly western Lake Erie and recommendations made as to

possible ecosystem objectives for this and other mesotrophic systems in the Great Lakes.



A BENTHIC INDICATOR

A suitable mesotrophic indicator should have three characteristics: it should provide a suitable endpoint; it
should have characteristics that allow progress to the desired endpoint to be measured and; it should be

achievable if recovery actions are taken, that is it should be in the environmental continuum. It is suggested that

the benthic community meet these three requirements. -

1. A Suitable Endpoint

Examination of the response of the benthic invertebrate community to environmental stress provides an

indication of an appropriate end point for a healthy community. Data from three mesotrophic systems in the

Great Lakes basin, western Lake Erie, Saginaw Bay and Green Bay are described.

TABLE 1.
QUANTITATIVE AND SEMi-QUANTI'r 'ATIVE SURVEYS OF LAKE ERIE OPEN WATER
BENTHOS.
DATE REGION SAMPLED SAMPLER
1928-30 Western basin Petersen
1937 Western basin Petersen
1942-44 Western basin Petersen
1950 River mouths Unknown
1951-52 Western basin Drag/Eckman
1953 Western basin Eckman
1954 Western basin Eckman
1957-58 Western basin Unknown
1961 Western basin Petersen
1963 Whole lake Franklin
1963-64 Whole lake Unknown
1967 Western basin/nrshr Ponar
1967-68 Whole lake Unknown
1973-75 Whole lake Ponar
1979 Western basin/nrshr Ponar
1982-83 Western basin Ponar

AUTHOR(S)
Wright
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Brown
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Britt

Beeton

Carr & Hiltunen
Brinkhurst et al.
FWP.CA

Veal & Osmond
FWPCA
Thornley

" Schloesser et al
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Most data are available for the western basin of Lake Erie and the first quantitative surveys were conducted by
Wright in 1928-30 (Wright 1955). Some earlier work was done prior to this but was of a qualitative nature
addressing only one or two benthic groups or, small areas (Osburn 1926a,b, Miller 1929, Cutler 1929). Since
Wright's surveys, many similar community studies have been conducted (Table 1).

The changes in abundance of the four majot invertebrate groups are summarized in Figure 1. Given the

variation in site selection, time of sampling and differences in methodology, the results do show qualitative

changes in the western basin. It is evident that in the early 1950's a major community change occurred whereby
the burrowing mayfly, Hexagenia, declined markedly, from dominance in the early 1950's to being absent by 1960.
Conversely, over the same period, the oligochaetes, chironomids and sphaeriids increased markedly. The
chironomids appeared to reach a stable density, the Sphaeriidae peaked in the early 1960's and declined in

numbers in the mid 1970's, and the oligochaetes which increased in numbers through the 1960's to become the

most abundant benthic group. While the early 1950's appear to have been the time when community structure
changed, there is evidence that the system had been destabilised prior to that time. Figure 1 shows that
Hexagenia abundance was highly variable prior to 1950 and oscillated considerably. Chandler (1963) suggested
that a catastrophic crash of Hexagenia had occurred between 1930 and 1940 as evidenced by a change in year
class dominance. It is likely that the western basin of Lake Erie was uinstable prior to the 1950's and may have
been a stressed system at the time of Wright's first surveys in the late 1920's. To illustrate the spatial changes in
western Lake Erie, the data from two surveys have been used, 1930 (Wright 1955) and 1961 (Carr and Hiltunen
1965). A recent survey was also conducted and these data will be reported (Manny et al, in prep). These data
were collected by staff of the U.S. Fish and Wildlife Service, who sampled identical site locations and used the
same or comparable sampling devices. | Data from these surveys have been re-analyzed using cluster analysis to
define spatial trends and develop community characteristics associated with those spatial differences. Figure 2
provides the summary synthesis of that data, using benthic community structure. Because the level of
taxonomic detail varies spaﬁal characterization was done using the major components of the community at that

time. The variables used were nﬁmbers of Tubificidae, Chironomidae, Sphaeriidae and Hexdgenia.

In 1930 the zone of impact was estimated to be off the Maumee, Raisin and Defroit rivers (Fig 2a), and the
greatest effect was observed off the Maumee River. Only one station was impacted off the Raisin Rivér and off
the Detroit and Maumee Rivers a gradient was observed of declining numbers of Hexagenia and increasing
numbers of tubificid oligochaetes (Fig 2a). By 1961 not only the zone of impact but also the degree of impact
had increased markedly (Fig 2b), this is best shown by the much higher numbers of oligochaetes at the river
mouth zones. An analysis of the data series together, rather than in separate years, most dramatically illustrates
the extent of the impact. From Figure 2c the results show the 1930 zone 1 to include not only the one site off
the Maumee River but also four sites off the Detroit River and two sites off the Raisin River. The 1930 zone 2,
which only comprised one site off the Raisin river, in 1961 included 13 additional sites and had extended its



boundary half way into the study area. Zone 3 in 1930 which was restricted to one site off the Maumee and the
only Detroit River site to demonstrate impact in 1961 includes all the remaining sites except one, and only one '
station in 1961 was associated with the large lake zone of 1930, that being off the north shore of the lake well
away from the Detroit River plume. This confirms the major impacts described by Carr and Hiltinen (1965)
but suggests that at the least the entire western half of the basin (the entire study area) was severely affected.

Less frequent surveys have been conducted on Sagihaw and Green Bays (Table 2). These systems show
evidence of a similar sequence of changes in community structure that can be documented from temporal

surveys or inferred from spatial patterns.

| . TABLE?2
DENSITY OF BENTHIC INVERTEBRATES IN SAGINAW BAY IN 1955, 1956 AND 1965

TAXA NUMBER PER SQUARE METRE

19551 19562 1965
EPHEMEROPTERA 63 9 1
AMPHIPODA ' 123 200 330
SPHAERIIDAE - 122 tr - 100
CHIRONOMIDAE 424 294 360
OLIGOCHAETA 2174 3532 3060
1 SURBER 1955
2 SCHNEIDER ET AL 1969

3 SCHUYTEMA AND POWERS 1966

In Green Bay documented changes are a consequence of pollution from the Fox River. Between 1952 and
1969 the abundance of oligochactes had increased generally over the whole bay, while amphipods, leeches,
gastropods, sphaeriids and Hexagenia had disappeared or uﬁdergone drastic declines. Increased n_umbc_ré of
Chironomidae were observed at most rstations, but had decliied in relative importance, a result of the huge
increases in oligochaetes. Howmiller and Scott (19‘77) demonstrated using an index derived from species
composition of the tubificid oligochaetes a eutrophic to mesotrophic spatial series in Green Bay from the Fox
River to the connection with L. Michigan. Their data ranged from the maximum of 2.0 (eutrophic) to 0.0
(oligotrophic). The eutrophic community was formed by two species of Limnodrilus, and the oligotrophic
community by Stylodrilus heringianius. The mesotrophic species dominated in the range of 1.6 - 0.8.

()



In Saginaw Bay similar drastic changes occurred in the benthic fauna between 1959 and 1965, the results of
three surveys are summarized in Table 3. Hexagenia declined most dramatically from 63 m2 in 1955 to 9 m™2
in1956 to 1 m2 in 1965. Althollgh no increase in oligochaetes was observed, as in the western basin of Lake
Erie, these results only represent a brief snapshot of events occurring in the system.

In neither Saginaw nor Green Bay can a complete record of changes in the benthic fauna be established.

However there is sufficient evidence to demonstrate a similar response to environmental degradation in each
system. All three systems had in the early part of the record, ie. 1950 or earlier, significant numbers of
Hexagenia, and over a 10 year period showed a loss of Hexagenia to a community dominated by tubificid

oligochaetes and increased numbers of Chironomidae.

Two hypotheses have been proposed to explain the disappearance of Hexagenia and consequent changes in
benthic community strucﬁixe (Burns 1985). The first attributes the losses to anoxia resulting from changes in
trophic state, and the fact that Hexagenia cannot tolerate extended anoxia. The decline in 1953 in western Lake
Erie was certainly associated with a major anoxic event (Britt 1955a,b). A second explanation ascribes the
decline to increased contaminants in the sediments, notably pesticides such as DDT. Proponents of this view
cite the similar disappearance of this species from several regions of the Great Lakes at the same time, howe\}er
these systems were also being subject to nutrient loading stress and the associated onset of anoxia. Significantly
Hexagenia has always been abundant in the Lake St Clair system which did not experience occurrences of }ow
oxygen events and presumably had similar pesticide exposures. Furthermore, Hexageriia has been successfﬁlly
raised on western basin sediment (Burns 1985). Therefore, although contaminants may be a contributing
factor, the weight of evidence suggests oxygen depletion as a result of nutrient loads as the major arbiter of

changes in benthic community structure.

A similar sequential response to environmental stress occurred in each of the described mesotrophic systems .
This consists of the elimination of Hexagenia to be replaced by a community dominated by oligochaetes, and
with increased umbers of chironomids. It is suggested that benthic community structure should be used as an
indicator of mesotrophic conditions with a desirable objective being the presence of a benthic community

dominated by Hexagenia.

The disadvantage of using Hexagenia alone is that, first there are no intermediate measures of system recovery,
second that récov‘ery may not be to a Hexagenia system but rather an alternate mesotrophic climax community.

These two problems are discussed below.
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2. Tracking Progress

Data from the western basin of Lake Erie (Fig.1), Saginaw Bay and Green Bay (Table 2), have described the
decline of mesotrophic systems. However appropriate markers are required as intermediate points if system
recovery is to be identified. In the last thirty years tubificid oligochaetes have been numerically the most

* important members of the benthic community in the western basin of L. Erie. In a recent paper (Schloesser et

al, in prep) we have shown that oligochaete species can successfully be used to track spatial and temporal
changes in trophic state. These results are briefly discussed below.

Using agglomerative clustering techniques 1961 results from the oligochaete species (Scﬂoesser et al in prep)
are very similar to that shown by using the complete benthic fauna (Figs 2b and 3a), zones of impact being
observed off each of the three major rivers. In 1982 however an impact zone was only identifiable off the
Detroit River and those sites that in 1961 formed impact zones at the Maumee and Raisin Rivers were in 1982
part of the lake zone. This demonstrates that trends can be measured before a recovery of Hexagenia occurs,

and when the benthic community is still almost exclusively oligochaete worms.

An alternative method of using the oligochaete fauna to track change in trophic state is the use of a trophic
index based on oligochaete species composition. Such indices use a scoring system for species depending on
whether they are classified as mesotrophic or eutrophic. A number. of such indices have been proposed
(Brinkhurst et al 1968, Mozley and Howmiller 1977, Howmiller and Scott 1977, Uzunov 1979, Milbrink 1983,
Lauritsen et al 1985), and all rank species into three or four categories representing conditions ranging from
oligotrophy to eutrophy, or clean to polluted conditions. The relative proportions of numbers of individuals in
each category producing an index value. The key to these systems is the category to which species are assigned
and there are differences between authors which can efect interpretation of change in trophic state. These

differences are to be the subject of a subsequent paper.

The ranking given to the species used from these data (Table 3) are those defined by Milbrink (1983). The
index used here is that described by Milbrink (1983) and is a modification of that proposed by Howmiller and
Scott (1977) and has been calculated for the zones defined by cluster analysis.



TABLE 3
RANKING OF OLIGOCHAETE SPECIES IN WESTERN L. ERIE

MESOTROPHIC EUTROPHIC
Aulodrilus americanus Limnodrilus cervix
A. limnobius L. claparedeianus
A.pigueti L. hoffmeisteri

A bluriseta L. maumeensis
Ilyodfilus templetoni L. udekemianus
Spirdsperma ferox Tubifex tubifex
Potamothrix moldaviensis

P. vejdovskyi

Using this trophic index the changes obsefved in western L. Erie can be simply explained (Table 4). In all the
zones, defined by 1961 analysis (Fig. 3a) the trophic condition has declined, indicating less eitrophic conditions.
The greatest decline being at those sites which comprised the Maumee/Raisin River zone in 1961. Using this
index the trophic condition in the sites in 1982 that formed the 1961 zone was similar to that in the open lake

~ (Table 4). This general change in trophic state over the 20 year period can be attributed to both a decline in

numbers of species tolerant of organic pollution (€utrophic species) and an increase in species characteristic of
mesotrophic or somewhat enriched conditions (Fig. 4). There are however some other points of interest. In
1961 mesotrophic species océirred in higher numbers at sites at the mouth of the Detroit R., this may be due to
the fact that the river mouth areas had higher oxygen levels or a lower frequency of anoxic events. The changes
in the open lake from 1961 to 1982 wefe minimal and due more to an increase in numbers of mesotrophic
species rather than a decline in eutrophic _spécies. The d'e,cl'ine.in eutrophic species from 1961 to 1982 occured.
primarily at the river mouths, indicating that the system has responded to point source loadings and the effects

of loading reductions are greatest in the vicinity of the sources.

TABLE 4
TROPHIC INDEX IN SITES IN LAKE ERIE IDENTIFIED BY CLUSTER ANALYSIS OF THE 1961
DATA SET
ZONE REGION 1961 1982 % CHNG
Zone 1 Detroit R. 1 1.46 121 - -171
Zone 3 Detroit R. 2 141 1.08 -234
Zone 4 Detroit R. 3 125 1.19 ] -48
Zone 2 Maumee/Raisin 143 1.07 252

Zone 5 Lake 1.10 1.03 .64



This represents a major shift in species composition over the 20 year period, and is indicative of a major

improvement at the river mouths. It is hypothesized that this is due to changes in the dissolved oxygen status of

. the basin, resulting from reductions in nutrient and organic loadings from point sources associated with the

three major rivers (Fraser 1987, Rosa 1987). The annual loadings of phosphorus having declined from between
27-30 metric tonnes in 1967 to approximately 10 metric tonnes in 1982, with the greatest reductions being from
the Detroit River (Fraser 1987). .

As well as using a trophic indéx which simplifies the data set and makes presumptions about the distributions
and representatxveness of species, oligochaete assemblages have been determined for both 1961 and 1982. The

species exaxmned were those identified by cluster (complete linkage method) and principal component analyses
as contributing significantly to site separation. These. resufts have been represented in 3-dimensional space
'(Fig., 5), each axis represénting one of the first three principal components, and represents a continuum from a
more to a less eutrophic state. Ellipses have been hand drawn around what appear to form distinct species
groups. In 1961 four distinct species groupings are observed, two of single species and two of multiple species
(Figure 5): 1. L. hoﬁ‘meisteri, 2. an assembla’ge in which Q. multisetosus is the most abundant spccics 3. L.
species groupings were observed, although L. varietas was associated with L. hoffmeisteri. In 1961 the first
factor (Fig. 5) explained 74% of the variance, compared to 39% in 1982, This indicates that the species groups
in 1961 are being highly directed by discharges at the river mouths on factor 1 with sites closest to the river
mouths (zones 1 & 2) being mbst eutrophic. The species groupings are therefore indicative of trophic state with
L. hoffmeisteri tolerating the worst conditions the others of improving conditions and the Q. mulfisetosus

assemblage being intermediate.

Examination of species selected from the above species assemblages from zones identified in 1961 (Fig. 3a), and
based on reported information as to their trophic range, illustrates the changes that have occurred in their
abundance (Table 5). Limnodrilus hoffmeisteri was the most abundant speciés in all zones in 1961 but only at
sites off the Mauxﬁec and Raisin rivers (zone 2) and at a few off the Detroit R.(zones 3 & 4) in 1982.
Furthermore its relative abundance declined niarkedly in the 20 year period. 1In 1961 this species formed 20 -
30% of the community at the river mouths and 15 % in the open lake. In 1982 this was reduced to 2 - 10% at
the river mouths and 3.5% in the open lake. In 1982 the most abundant species at the most impacted sites,
those at the mouth of the Detroit River, zones 1 and 2 in 1982 (Fig. 3b) was the Quistodrilus complex, this is
made up of two species, Q. multisetosus multisetosus and Q. multisetosus longidentus. The three mesotrophic
species shown in Table 6 are Aulodrilus pluriseta, A pigueti and Ilyodrilus templetoni. Of these the species of
Aulodrilus are known to be mesotrophic species with 4. pluriseta béing reported to be more tolerant of higher
productivity (Brinkhurst, 1969b; Milbrink, 1973; Spencer, 1980). Both species of Aulodrilus have either



increased in relative abundance or remained as a similar proportion of the tota.l population. Interestingly A.
pluriseta, the more tolerant of the two species, has increased in abundance at the sites associatéd with ‘the
Detroit R. mouth and 4. pigu‘eti at sites in the open lake and off the Maummee and Raisin Rivers, those that in
1982 formed part of the lake zone. Although I. templetoni is not an abandant species it is known to be sensitive
to extended periods of anoxia. It has been shown that this species cannot survive longer than 4 weeks of anoxia
as compared to more than 10 weeks for L. hoffmeisteri and up to 16 weeks for T. tubifex (Reynoldson, 1987).

This species also increased in relative abundance in the sites in the open lake and off the Maumee and Raisin

rivers.
TABLE 5
ABUNDANCE OF FIVE TUBIFICID SPECIES
IN SITES DEFINED BY 1961 ZONES
(No. m"%; corrected for sampler efficiency)
DETROIT1  DETROIT2  DETROIT3 MAUMEE/  OPEN LAKE
’ RAISIN
1961 1982 1961 1982 1961 1982 1961 1982 1961 1982
SPECIES
L. hof. 228441984 7182 711 2673 438 3412 583 2360 338
Q.mul. 68695670 1365 4310 36 33 39 0 520 480
Apln 6247 506 1224 18 45 2 4 29 72
A. pig. 5 147 58 251 18 490 4 9 14 217
L. tmp. 67 157 174 129 23 133 23 104 22 95
TOTAL NO '
(x10%) 78 18 37 28 9 10 17 6 10 7

3. Recovery - Can Hexagenia return?

The last requirement for an appropriate mesotrophic indicator is that it be achievable. There are two aspects to
this, can conditions return to those that are appropriate for the species, and if those conditions recur can the
species return. With regard to the former, it is suggested that this is primarily a question of technology, both
hard and soft, in reducing loadings and whether society has the political will to take the necessary action. Once
loadings are reduced however it is likely that as a result of sediment storage of contaminants and oxygen
demanding materials that recovery will be delayed. However once conditions are appropriate the question has
been raised as to whether the mayfly can return. For this to occur there needs to be both a source population
and an ability of the spec.les to recolonize. Both the Detroit River and Lake St Clair have resident populations



of Hexagenia (Hiltunen and Manny 1982, OMOE 1984), and evidence from the Mississippi R. (Ffemling, 19 )

suggests they ¢an return to former habitats, once conditions have improved.

In summary it is suggested that even though Hexagenia has not returned to the west basin of Lake Erie that
there has been a change towards mesotrophy in the lake as evidenced by the tubificid community structure.
Furthermore that trends in the status of the benthic community can be tracked by observation of the benthic

comimunity, and finally there is evidence that Hexagenia can return to former habitats.

RECOMMENDATIONS

It is concluded that the benthic community has the three attributes required by a mesotrophic indicator as
defined above. That a suifablc end point can be defined, that is an open lake community where Hexagenia is the
dominant benthic invertebrate. That progress toward that objective can be readily measured, by using the
existing species complex of the benthic commﬁnity, and that in the western basin of Lake Erie the species
complex of tubificid worms shows clear evidence of recovery on spatial and temporal scales. Third that there is

sufficient evidence as described above that the system can recover to a Hexagenia community.

Further work is required to implement this objective. Historic data bases need to be assembled to more
precisely document spatial changes and confirm the exact nature of the decline in Hexagema Also more

detailed information is required on the environimental requirements of Hexagenia.

It is recommended therefore that G mesotrophic objective should be the maintenance of densities of the mayfly
Hexagenia limbata in mesotrophic regions of the Great Lakes in densities similar to those observed in the west

basin of L. Erie in the period 1928 - 1930; at 180 individuals m2.

It is further recommended that the benthic community in toto be monitored on a regular basis at key identified
locations in order to track progress toward attaining the desired objective.
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