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ABSTRACT. Diporeia,Oligochaeta, and Sphaeriidae were sampled at three sites (28 to 35 m depth) in
the east basin of Lake Ontario, and at one mid-lake site (125 m) from 1982 and 1996. In abgition,
eiawas sampled at 14 more sites located in the south and eastern part of the lake in 1990 and 1995.
Before 1991, densities of all three macroinvertebrate taxa fluctuated with peaks occurring between 1988
and 1991. Between 1992 and 1988poreiadeclined rapidly from > 6,000 per#ito O at all three sites

in the east basin, while increasing from 1,050 to 5,230 Faatrthe mid lake site. Samples from the south

and eastern part of the lake confirmed the decline was extensive at depths < 100 m. Abundance and bio-
mass of the Oligochaeta and Sphaeriidae also fluctuated, but remained more similar before 1991 and
after 1993. Direct cause for the disappearanc®uforeiais unknown but declines occurred after estab-
lishment of nearshor®reissenacolonies. Lake circulation patterns suggest that the nearshore mussel
populations may intercept diatoms and other material that had been consuni@doogialocated fur-

ther offshore. A substantial biomassQiporeia(3 g/n? dry) has been lost from the food web of eastern
Lake Ontario, with serious consequences to the coldwater fisheries of the lake.

INDEX WORDS: Amphipod,Diporeia,oligochaeta, Sphaeriidae, biomass, competitidreissenapff-
shore, Lake Ontario.

INTRODUCTION adults ( >7 mm) (Dermott and Corning 1988). Den-

Off-shore areas of the Great Lakes, except cen-Sities to 30,000/ (Nalepaet al 1985), high lipid
tral and western Lake Erie, support a similar pro- I€V€lS to 50% of their dry weight (Gauvet al
fundal benthic community composed of a few 1989), and high assimilation of deposited algae
species, dominated by the burrowing amphipsd ~ (Fitzgerald and Gardner 1993) maképoreia an
poreiaspp. (Cook and Johnson 1974). B&thhoyi ~ important link in the pelagic—benthic coupling be-
brevicornisand D. hoyi filicornis are present in  tween spring algal blooms and the fish community
Lake Ontario. Since this genus may contain aOf the lakes (Wells 1980, McDonaét al. 1990). A
species complex (Bousfield 1989), the designationlarge proportion of the offshore energy flow in the
Diporeia will be used in this study. This amphipod Great Lakes passes throuBkporeia (Flint 1986).
is the main benthic invertebrate in the offshore of Reduced phosphorous loadings to the Great
the Great Lakes, and many large boreal lakes ofLakes in the 1980s improved water clarity, oxygen
North America (Dadswell 1974), while the related conditions, and reduced algae densities at many lo-
Monoporeia affinisand Pontoporeia femoratare  cations (Mullin 1980, Nalepa 1987, Charltenal
key species of the Baltic (Elmgren al 1990). Off- 1993). Later zebra mussel3réissena polymorpha
shore populations in Lake Ontario consist of two invaded the Great Lakes, with bugensisoloniz-
co-existing cohorts with a generation time of 2 ing sediments in deeper parts of Lakes Erie and On-
years, so three size classes can be present: yourtario (Mills et al. 1993). Filtering activity by the
(< 4 mm in length), juveniles (4 to 6 mm), and mussels have created ecological perturbations in
nearshore areas causing increased water clarity
(Holland et al. 1995), changing benthic populations
*Corresponding author: E-mail: dermottr@dfo-mpo.gc.ca and food-webs (Nalepa and Fahnenstiel 1995,

423



424 Ronald Dermott
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FIG. 1. Location of long-term sampling sites at Bay of Quinte (C), Quinte outlet (O), east basin site #81,
and mid lake site #41. Additional sites (#35 to #93) were sampled in 1990 and 1995. Depth contours are 50
and 150 m.

Schloesseet al 1996, Stewaret al 1998). In off- Quinte. At these two sites, four or five Ekman sam-
shore areas, decoupling of the algal-nutrient rela-ples (0.05/M) were taken each year during early
tionships, and community changes have occurredAugust. These samples were washed on a 0.58 mm
(Dermottet al. 1998, Millardet al. 1999), including  screen (#30 mesh), the residues preserved in 10%
reducedDiporeia density in eastern Lake Erie (Der- neutral formalin, and later transferred into alcohol,
mott and Kerec 1997). with all re-screening using a 0.25 mm screen. Loca-

This paper reports the rapid decline and disap-tion and methodology followed that of Johnson and
pearance of the amphipddiporeia from several  Brinkhurst (1971), and Johnson and McNeil (1986).
sites in eastern Lake Ontario. Data were from two All macroinvertebrates were enumerated, but only
long-term biological monitoring studies of Fisheries data for the Amphipoda, Oligochaeta, and Sphaeri-
and Oceans: Project Quinte (1972-1999), and theidae are presented in this study. After 1987, blotted
Bioindex Program (1981-1995) (Johnson and Hur-Wet biomass at sites C and O, and size frequency of
ley 1986, Johannssaet al 1998). Additional ben-  Diporeiawere also measured.

thic samples were examined from lake-wide spatial At site 81 in the middle of the east basin (=35 m,
surveys of Lake Ontario in 1990 and 1995. 43°58.9N: 076 393\/\/), and at the mid-lake site

41 (=125 m at 43°43'Q: 078°01.6W), 3 to 5 repli-
METHODS cate PONAR grabs (0.053%nwere collected in the
spring (April) and fall (October), each year from
Benthic samples were collected yearly between1982 to 1996. These samples were sieved on a 0.25
1982 to 1996 at three sites in eastern Lake Ontaricmm screen and preserved (Johannssoal 1985).
(sites C, 0, and 81) and one mid-lake site (site 41)Macroinvertebrates were enumerated and weighted
(Fig. 1). Two of the sites, C (—34 m depth; (blotted wet biomass)Diporeia were sorted into
44°06.5N: 076°54.9W) and O (—29m; 44°03'H: size classes of 2 mm intervals and weighed. Bio-
076°46.6W) were near the outlet from the Bay of mass was converted to dry shell-free g/from
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FIG. 2. Density ofDiporeia (thousands/m) at

nearshore sites C and O (top panel); east basin
site 81; and mid Lake Ontario site 41 (bottom
panel) between 1982 and 1996. Dashed lines in
panel for site 41 are diatom biomass (girfrom
Johannssonret al. 1998).

wet: dry weight relationships for each genera, andSite

shell-free ratios of the Sphaeriidae.
An additional 14 sites were sampled with a

PONAR in the eastern part and along south side of38
the lake during October 1990 and October 1995.
These sites are part of the Canada Centre for Inlan®3

Waters (CCIW) surveillance program (L'ltalien
1998). OnlyDiporeia density is presented from
these spatial surveys.

RESULTS

Between 1982 and 199%poreia averaged 8,240
+ 1,048/n? (mean * SE) at site C. After August
1993, noDiporeia were collected at this site (Fig.
2). Although inter-annual variability was significant
before 1993 (ANOVA, p < 0.001Diporeia were

always present. In 1994, 1 year after the disappear81

ance at site C, density Diiporeia at site O dropped
from an average of 6,170 + 1,5709r(1982 to
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1992) to only 76 * 38//h No specimens were col-
lected at this site after 1994. (Fig. 2).

Diporeia density at site 81 in the east basin of
Lake Ontario averaged 8,084m 370 (n = 124)
between 1982 and 1993, and declined to 33&m
122 (n = 28) between April 1994 and 1995 (Fig.2).
Although most replicates from site 81 in 1995 had
no amphipods, specimens continued to be collected
in April, 1995. By October 1995 and in 1996, no
specimens were collected at this site. In contrast,
over the same time period (1990 to 1993iporeia
increased (p < 0.001) at the mid-lake site. Between
1982 and 1993Diporeia at site 41 averaged
2,642/n? £ 208 (n = 40), but in 1994 and 1995 the
average was 4,508An 370 (n = 14). At the 14
sites sampled in 1990 and 1993iporeia disap-
peared at most sites shallower than 50 m in the
eastern part of the lake (Table 1). In 1995, densities
at several deeper sites were reduced to < 10 % of
the 1990 population.

Densities at site 81 were relatively low in No-
vember 1983 (3,621 + 449Anand again in Octo-
ber 1990 (3,335 + 744/# and were at a maximum
in March 1982 (13,375 + 497Anand April 1989

TABLE 1. Density ofDiporeia (indiv/m2) in
southern and eastern Lake Ontario at the surveil-
lance sites sampled in October 1990 and October
1995. Site locations are in Figure 1, n.s = no sam-

ple.

CCiw Depth
m 1990 1995
South Shore
35 23 19 97
20 38 0
39 150 1,984 2,865
70 15,806 1,544
South-east
189 5,651 929
58 98 2,268 19
61 50 76 0
64 228 1,228 1,413
East
71 12 n.s 0
72 107 4,007 19
74 65 6,426 2,032
77 25 n.s 0
35 3,572 0
80 20 1,115 0
84 36 2,683 0
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(16,556 + 1,822/, giving a periodicity of about 7 (
years. After 1989, densities decreased toward a Ic 40007 K
in the cycle. At site C, densities decreased rapidl 30001 Y MidLake
to zero (Fig. 2), while at sites O and 81 the decrea Site 41
was more gradual. At site 41, the population wa 20007
low in 1983 (1,172 + 58/@), and reached a mini- 1000
mum (1,050 + 238/@) in April 1993. However, the o - e ; )
mid-lake population increased again in 1995 to lev 82 83 84 85 56 87 88 €9 S0 91927 93 94 95 9%
. . . . 1981-1990
els equal to that of the previous maximum in Apri.
1990 (Fig. 2). FIG. 4. Density of Oligochaeta (indiv/& at the

The percentage of young amphipods (< 4 mm) in Lake Ontario sites between 1982 and 1996.
the population at site 81 decreased gradually be-
tween 1987 and 1993, and was very low in 1994
(Fig. 3). In 1995 just prior to population disappear-

ance, allDiporeia were < 4 mm. Conversely, the 81, Sphaeriidae density had a maximum in 1991,
pe(r)cent of young at site O remam_ed be_tween 44 ANyt densities before 1989 and after 1993 were more
74% from 1990 to 1992, suggesting higher mortal- jiija; sphaeriidae at site O also peaked in 1991
ity in the larger size classes. In the year just prior 0y \+ qecreased to 480%nin 1996. Sphaeriidae den-
disappearance, the percent of young increased i, was less variable at site C than at the other sites
above 80%. Excluding the last year, the percent(Fig. 5).
young before 1990 was not significantly different = Near peak density in 1988, dry biomassDif
(ANOVA) from the percent after 1990 at either site. noreja was as high as 6.1 gPhat site O and 5.9
_Oligochaeta and Sphaeriidae (almost exclusively g/ at site 81 (Table 2). Prior to 1991, annual bio-
Pisidiumspp.) densities peaked at sites O and 81mass ofDiporeia in eastern Lake Ontario averaged
between 1989 and 1992 (Figs. 4 and 5), 1 to 2 year: 47 g/m, 3.44 and 3.04 g/?at sites C, O and 81,
after the peak iDiporeia. But unlike Diporeia, respectively (Table 2). Beginning in 1993, the
Oligochaeta and Sphaeriidae densities after 199%poreia biomass declined to zero progressively fur-
remained similar to or higher than densities prior to ther offshore each year. UnlikRiporeia, biomass
1987. Oligochaetes at site 81 had the greatest inof the Oligochaeta and Sphaeriidae did not consis-
crease to 23,530 + 3,090Pmn 1991 (Fig. 4). tently decrease after 1991 (Table 2). Oligochaete
Oligochaetes at mid-lake site 41 also peaked inbiomass deceased significantly only at site C, but
1991 before decreasing to < 508/im 1993. At site  increased at site O from 0.18 ¢gZrm 1993 to
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1982 to 0.86 in 1995, with minor yearly variation
5000 } (Fig. 6). Regression betwediporeia biomass and
4000 ol.J site C & O diatom biomass was poor?(x 0.04), however am-
} ¥ phipod biomass was correlated with total algal bio-
3000 & {{ mass (# = 0.51, p = .006).
2000f E N
ool DISCUSSION
e A Two potential reasons for the rapid disappear-
08283 84 65 86 87 85 89 90 01 92 93 94 95 66 ance ofDiporeia from eastern Lake Ontario are
10000, predation and decreased food supply caused by re-
~ 5000 ) . . duced nutrients and/ or competition with the exotic
Sphaeriidae L. Ontario site 81 Dreissenaspp. Johnson and McNeil (1986) sug-

gested fish predation kefiporeia density low
(340 to 2,660/M) in the Bay of Quinte prior to
1977. Lake whitefish feed extensively Diporeia,
selecting adult sized amphipods buried in the sedi-
‘ ment (Larkin 1948, Christiet al. 1987). The in-
82 83 84 85 86 87 85 89 90 91 92 03 94 95 96 creased whitefish populations in eastern Lake
Ontario during the late 1980s (Casselnetnal.
1996) could have reduced amphipod density, but at
site 81, the percent of amphipods < 4 mm remained
stable or decreased between 1988 to 1993 suggest-
ing little change in predation pressure. The higher
percent of young at site O suggested greater preda-
tion closer to shore. Coregonids aDgporeia have
R R e e Sk S co-existed together since the evolution of the Great
1981 - 1996 Lakes, so cycles in prey—predator densities have
occurred previously without eliminating the prey
FIG. 5. Density of the Sphaeriidae (indiv/at  from favorable habitats. Fish predation would re-
the Lake Ontario sites between 1982 and 1996. duce theDiporeia population with a few scattered
areas of higher density, rather than complete re-
moval of all prey over large areas. Sphaeriid clams
i i . are important coregonid prey (Larkin 1948, Tohtz
1.30 g/n# following the disappearance Bfiporeia  1993), so had whitefish predation been excessive,
At the same time, Sphaeriidae biomass decreased ¢pjsidium biomass would also have been signifi-
|nSh0re sites C and O from 014 and 017 ZQfm ) Cantly reduced at the same t|md:apore|a.
0.6 and 0.01 g/m reSpeC“VGIy. At site 81, Sphae”‘ A Secondary predator daiporeia was the ben-
idae biomass Changed little before or after lgglth|c Nemertea wornProstoma canadensiwhich
(Table 2). _ _ _ became common after 1988 at depths between 0.5
Spring diatom biomass peaked at site 81 in 1985m to 125 m (Dermott unpublished data). Density of
(1.2 g/n¥) and again in 1990 (1.5 gAnJohannsson  this 1.5 cm carnivorous worm increased rapidly in
et al. 1998). PealDiporeia biomass followed the eastern Lake Ontario, reached a maximum of
diatom biomass peak by 2 to 3 years (Fig. 6). Lows156/n? in 1992, and 19/@&at the mid lake site.
in Diporeia biomass coincided with the lows in di- However,P. canadensisapidly became rare again,
atom biomass which occurred in 1983 and in 1986averaging 20 + 7/éat site 81 in 1994. Marine ne-
(0.1 to 0.2 g/rA). At site 41, diatom biomass mertea prey on amphipods, feeding about once per
showed less annual variation, with no reduction week (McDermott 1993, Thiel and Reise 1993).
after 1993 (Fig. 2). At site 81, mean seasonal di-Thus, at maximum density?. canadensisould
atom biomass decreased from 0.37 in 1991 to onlyhave reducediporeia at site 81 by 8,000/&yr.
0.12 g/n? in 1994 before thdiporeia population  Although potentially high, it is unlikely excessive
disappeared. However, seasonal total algal biomasiNemertea or fish predation caused the complete dis-
at site 81 only gradually declined from 1.4 §/m appearance dbiporeia from eastern Lake Ontario.

Number/ m
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TABLE 2. Mean dry biomass + 1 S.E. (gArshell-free), minimum and maxi-
mum averages for macroinvertebrates at eastern Lake Ontario sites C, O, and 81
for periods before and after 1991. Data available at site 81 for 1985-1996.

Diporeia Oligochaeta Sphaeriidae
Year n g/n? £ S.E. g/n? + S.E. g/ +S.E
Site C
1987-91 15 1.468 £ 0.164 0.463 + 0.051 0.074 £ 0.011
min. 0.609 + 0.045 0.240 + 0.048 0.009 + 0.003
max. 2.332+0.106 0.706 +0.131 0.122 +0.010
1992-96 15 0.200 +£0.107 0.165 £ 0.022 0.095 £ 0.012
min. 0.000 + 0.000 0.088 +0.018 0.031 + 0.007
max. 1.002 +£0.055 0.310 £ 0.043 0.143 £ 0.033
F-value. 41.79 28.65 1.76
p df 1,28 < 0.0001 <0.001 0.19
Site O
1987-91 15 3.444 + 0.425 0.263 + 0.053 0.172 £ 0.028
min. 1.550 £ 0.289 0.030 + 0.008 0.027 £0.011
max. 6.153 +1.218 0.592 + 0.155 0.308 + 0.105
1992-96 15 0.176 +0.059 0.455 +0.129 0.104 +0.016
min. 0.000 + 0.000 0.121 £ 0.041 0.013 £ 0.004
max. 0.443 +0.176 1.302 £ 0.563 0.167 £ 0.054
F-value. 57.86 1.90 4.29
p df 1,28 < 0.0001 0.18 < 0.05
Site 81
1985-91 58 3.040 +0.197 1.213+0.101 0.153 + 0.009
min. 1.164 £ 0.068 0.374 £ 0.063 0.070 £ 0.013
max. 5.924 +0.223 2.655 + 0.492 0.315 +0.064
1992-96 27 0.975+0.234 1.035+£0.145 0.181 £ 0.010
min. 0.000 + 0.000 0.428 + 0.068 0.109 +0.013
max. 3.562 + 0.667 2.421 +0.630 0.257 £ 0.050
F-value. 38.9 2.52 3.25
p value. df 1,83 < 0.0001 0.12 0.07

Decrease from Reduced Food
In Europe,Monoporeia affinishas shown

increased again to a peak in 1995 in phase with an
expected population cycle.
A~ : . : C Reduced food supply could be partly responsible
?Tgti:)mynggl?ggpvsalg igg?%c\),\rlllrzgopr?r;%?jlc\llale%fer-for the decline oDiporeia. Total phosphate levels

’ o dropped by about 50%, from 14.3 pg/L in 1981 to
holm 1989). These population oscillations have ; g ug/L in 1995 (Johannssen al 1998). This re-
been attributed to inter-generation interaction (Hill 4,ceq total phytoplankton biomass in eastern Lake
1992) and interannual variability of the diatom food ontario by 34% (from 1.4 to 0.86 gAnbetween
source (Johnson and Wiederholm 1992). In Lake1982 and 1995. A similar reduction in phosphorous
Ontario, cycles were similar at site 81 and at site 41jpadings to the Bay of Quinte resulted in a decline
until 1992. But after 1992, density in the east basinof phytoplankton biovolume from 13.1 ndfh in
continued to drop, while the mid-lake population 1977 to 6.7 in 1986 (Nicholls and Hurley 1989).
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This algal reduction could account for a gradual de-
cline in Diporeia biomass of 35 to 50 %, but not the
sudden disappearance of the species.

Recent increased spring silica levels in Lake On-
tario, from 190 to 351 pg/L (1992 to 1995) suggest
reduced diatom production (Johannssatnal.
1998).Diporeia are known to rely on the spring di-
atom bloom for much of their annual energy re-
quirement and increased lipid reserves (Gardter
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plankton abundance. Both the oligochaetes Rid
sidiumtook advantage of the food resources in
1990 to 1992, following the decreased amphipod
populations in 1989. However after the disappear-
ance in 1994, oligochaetes increased little in the ab-
sence of amphipods. Like fish predation, declining
algal biomass should not eliminate tBéporeia,

but reduce all the macroinvertebrates to densities
similar to that in oligotrophic Lake Superior
(250/n?, Cook 1975).

Dermott and Munawar (1993) hypothesized com-
petition with the exotidDreissenaspecies for set-
tling algae caused the disappearancé®iforeia
from eastern Lake Erie. Unlike Lake Ontario,
bugensisis present on the sediment surface
throughout the deeper eastern basin of Lake Erie
(Dermott and Kerec 1997, Dermadt al 1998).
There, mussels directly competed for settling algae
with the amphipods burrowing beneath them. The
feeding habits and niche Bfiporeia are unlike that
of the scavenging amphipo@ammarus fasciatus
andEchinogammarus ischnwghich have benefited
from theDreissenacolonies on nearshore substrates
in depths < 20 m (Stewasdt al 1998).Diporeia
feed on settled plankton, organic detritus, and bac-
teria in soft sediments, while the Gammaridae,
which live on rocks and macrophytes, use their well
developed gnathopods to tear algae, animal and
plant material. (Larkin 1948, Segerstrale 1959).

and again in 1990 (Johannssenal. 1998) were
about 2 years or 1 generation ahead of the Digh
poreia densities in eastern Lake Ontario. Correla-

present along the east shore of Lake Ontario in
1991, densities in the east basin remained low in
1992 (Wormingtonet al. 1993). Prior to 1993,

tion with seasonal diatom biomass at site 81 waspreissenawas rare in the Bay of Quinte, but be-

poor in spite of correcting for a 2 year lag. How- came common in the lower Bay in 1993, the year
ever, the decrease in seasonal diatom biomass frorpiporeia disappeared at site C, and mussel density
0.6 g/n®in 1990 to 0.1 g/fin 1994 and 1995 (Jo- increased rapidly in 1994 (Wormingten al. 1995).
hannssoret al 1998 and Fig. 6) coincided with the However, on the soft sediments at all the sites in the
decline ofDiporeia. This could account for Bi- east basin (C, O, and 8Dreissenawas very rare,
poreia biomass decline of 80%, but again not their gveraging 0.1/mhbetween 1990 and 1995. Numer-
complete absence. ous rocky islands and gravel ridges are present
All three macroinvertebrates responded to the throughout the east basin (Sly 1984), which support
same favorable abiotic and food conditions in east-dense populations of mussels. Wormingtnal.
ern Lake Ontario since densities of all three peaked(1995) foundDreissenapopulations of 18,000/t
between 1988 and 1991. Oligochaetes feed deepeat the entrance to the Bay of Quinte in 1993, while
in the sediments thaDiporeia and use more of the Mills et al. (1999) found high densities along the
sediment bacterial production (Robbins 1982, Van south shore of Lake Ontario above 50 m, with
de Bundet al 1994). LikewisePisidiumspp. feed  greatest biomass at 35 Breissenaon these shoals
extensively on interstitial bacteria in the sediments can intercept algae that would otherwise have set-
(Lopez and Holopainen 1987) as an alternate to settled in deeper depositional zones inhabitedDdy
tling algae. Thus both would rely less on freshly poreia This may explain why the disappearance
settled algae than the surface feeding amphipodsoccurred first at sites closest to shore, and later pro-
and have a delayed response to reduced phytogressed further out into the lake, while populations
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at mid-lake, located far from the mussels colonies, The lake whitefish populations in eastern Lake
did not decline. Ontario (Casselmast al. 1996) supported 50% of
Most areas in the Great Lakes whéporeia the lake’s total commercial harvest of all fish
populations have recently disappeared are influ-species in the 1990s. Since 1993, Hogleal
enced by longshore currents which transport parti-(1999) found a significant decrease in whitefish
cles from elsewhere. In Lake Ontario, the Niagarabody condition, decreased juvenile and adult abun-
plume (Masse and Murthy 1992) moves material dance, poor survival, and reduced production in
pastDreissenaalong the south shore (Millst al. eastern Lake Ontaridiporeia had been the major
1999), and then into the east basin of Lake Ontariodiet item of the whitefish, but since their disappear-
across the shoals and ridges near the eastern islan@ance,Dreissenawere present in 90% of the white-
(Fig. 1). In Lake Erie, the Long Point current fish stomachs. A similar reduction in production
sweeps material from the central basin into the can be expected in forage fish that fed heavily on
deepest part of the lake (Thonmetsal. 1976), where  Diporeia, especially alewife Alosa pseudo-
denseD. bugensigopulations exist (Dermott al harengu$ and rainbow smelt@smerus mordgx
1998). The southern Lake Michigan gyre moves which attained 40% and 11% of their energy budget
water from Chicago toward the east shore (Beletskyfrom Diporeia, respectively (Flint 1986). These two
et al. 1999) past abundamreissenapopulations  fish support a large part of the salmonid stocks in
nearshore (Nalepat al. 1998). Nalepat al (1998) the Great Lakes.
found Diporeia densities approached zero at most The absence dDiporeia in the upper profundal
sites above 50 m in the south east region the lakezone has altered food-web structure and left vacant
In this manner, théreissenapopulations may be the niche of surface feeding detritivore. The profun-
long-range competitors with the depositional feed- dal benthos of eastern Lake Ontario is now a sim-
ing Diporeia in the offshore profundal zone. How- plified community of oligochaetes, a feRisidium
ever, even when combined, decreasing algalostracods, and nematods (Johannssial 1985).
resources, and indirect competition with nearshoreThe disappearance &iporeia from eastern Lake
zebra mussel colonies should redimiporeia pop- Ontario has not resulted in a corresponding increase
ulations, but cannot explain the total elimination in other benthic macroinvertebrates (Table 2). This
from favorable habitats. This study cannot addressis very different from Lake Erie, whel2. bugensis
if an unknown factor, perhaps associated with has utilized all the habitat previously occupied by
Dreissena may be the direct cause of tBgoreia Diporeia, resulting in an increase in total biomass

decrease. (Dermott and Kerec 1997).
Regardless of the direct cause, the vacancy of the
Consequences dDiporeia Declines niche of the deepwater amphipod in eastern Lake

: . . Ontario, disappearance Diporeia from Lake Erie,
The absence oDiporeia from its most produc- 5 goo, decline in southern Lake Michigan at depths

tive zone (25 to 60 m depth; Johannssdnal. < 50 m (Nale o
o . ; paet al 1998), and perhaps a similar
1985, Sly and Christie 1992), will have serious con- yecjine in southern Lake Huron, will uncouple the

sequences to food web structure and energy transfe|in aqes between algal production and cold-water
efficiency in the Great Lakes. Where absent, thefighes (Wells 1980, Flint 1986, Gardnet al.
major link in the benthic-pelagic coupling between 1990y This will lead to a significant reduction in

spring diatom blooms to offshore benthos has beerfish carrvina capacity in a larae area of the Great
broken. Lakewiddiporeia production in Lake On- ying capacity g

tario was calculated as 34 kilotonnes/yr dry weight akes.

in 1981 (Johannssaat al. 1985). Elimination of the
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