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ABSTRACT. Early life stage survival often determines fish cohort strength and that survival is affected
by habitat conditions. The structure and dynamics of ichthyoplankton assemblages can tell us much about
biodiversity and fish population dynamics, but are poorly understood in nearshore areas of the Great
Lakes, where most spawning and nursery habitats exist. Ichthyoplankton samples were collected with a
neuston net in waters 2—13 m deep weekly or biweekly from mid-April through August, during 3 years
(2000-2002) as part of a study of fish assemblages in west-central Lake Erie. A suite of abiotic variables
was simultaneously measured to characterize habitat. Cluster and ordination analyses revealed several
distinct ichthyoplankton assemblages that changed seasonally. A lake whitefish (Coregonus clupeaformis)
dominated assemblage appeared first in April. In May, assemblages were dominated by several percid
species. Summer assemblages were overwhelmingly dominated by emerald shiner (Notropis atheri-
noides), with large gizzard shad (Dorosoma cepedianum) and alewife (Alosa pseudoharengus) compo-
nents. This seasonal trend in species assemblages was also associated with increasing temperature and
water clarity. Water depth and drift processes may also play a role in structuring these assemblages. The
most common and widely distributed assemblages were not associated with substratum type, which we
characterized as either hard or soft. The timing of hatch and larval growth separated the major groups in
time and may have adaptive significance for the members of each major assemblage. The quality and
locations (with reference to lake circulation) of spawning and nursery grounds may determine larval suc-
cess and affect year class strength.
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INTRODUCTION fected by a number of environmental factors (Free-

The success of larval fish often determines cohort berg er al. 1990, Matthews 1998, for example).
strength for a population (Hjort 1926) and is af- Habitat conditions change both spatially and tempo-
rally (seasonally and on longer time scales) and lar-

*Corresponding author. E-mail: jemckenna@usgs.gov val fishes are planktonic, drifting with the current.
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Orientation of spawning grounds to appropriate ju-
venile habitats is important to successful recruit-
ment of larvae to the juvenile stage (Huret et al.
2007). Survival during the larval period and effec-
tive transport to nursery grounds can depend on
how well spawning time (and subsequent hatch) co-
incides with optimal environmental conditions (Sin-
clare 1988). Food availability and avoidance of
predators are critical to larval growth and survival
(Matthews 1998). These biotic factors interact with
temperature, turbidity, and other abiotic conditions
in the water mass to influence larvae (H60k et al.
2006). For example, temperature affects physiologi-
cal rates, which determines larval respiratory needs,
growth, and other critical functions (Kleiber 1961,
Letcher and Bengston 1993). High turbidity in Lake
Superior has been associated with rainbow smelt
(Osmerus mordax) moving into shallow water and
increasing predation on larval fish (Swenson 1978).
Study of the response of ichthyoplankton to benthic
substratum is rare, but findings show correlations of
fish larvae with particular habitat types (Baily et al.
2003, Maynou et al. 2006) and indicate that larvae
can alter their behavior to arrive at appropriate
nursery habitat (Grioche et al. 1997).

Rivers are major external influences on nearshore
habitats that can affect lake circulation and the
quality of both pelagic and benthic environments
via seasonally varying discharges of material loads,
particularly plant nutrients and suspended matter
(Swenson 1978, Rukavina and Zeman 1987). Many
species of larvae depend on abundant food associ-
ated with the spring plankton bloom, high river dis-
charge, and lake mixing, especially at the first
feeding stage (Hjort 1926, Lasker 1975).

In the Laurentian Great Lakes, nearshore habitats
(approximately < 10 m depth) are critical to fishes
because many of the important feeding, spawning,
and nursery grounds are found in these areas
(Goodyear et al. 1982). Nearly all Great Lakes
fishes (> 95%) are known to spawn in waters < 1 m
or rely on shallow water for some component of the
life cycle, or both (Goodyear et al. 1982; Lane et al.
1996a,b). Thus, multispecies sympatric assem-
blages of ichthyoplankton exist in nearshore waters.
However, with a few exceptions (e.g., walleye
Sander vitreum), the distributions, abundances of,
and optimal conditions for larval and juvenile fishes
in coastal Great Lakes habitats are poorly under-
stood. This is partly because nearshore zones of
Great Lakes coasts are dynamic areas where condi-
tions can be harsh and sampling is difficult.

The west-central basin of Lake Erie (USA) is one

such nearshore area that contains many important
fish habitats (Ludsin and Stein 2001). We would ex-
pect to find the larvae, and possibly juveniles, of
many nearshore-dependent species in this coastal
area (Goodyear et al. 1982). However, it is unclear
which nearshore habitats are most important for
support of the early life stages of fishes in this por-
tion of Lake Erie. Better information on the factors
affecting the occurrence and relative abundance of
larval fishes would greatly enhance our ability to
predict the response of Lake Erie fish populations
to perturbations and identify those areas most in
need of protection, restoration, or other manage-
ment action. This requires an understanding of the
structure of the fish community and distribution of
biodiversity in this region.

We examined ichthyoplankton composition,
abundances, and distributions in the vicinity of
major river mouths within the west-central basin of
Lake Erie, to 1) determine whether spatial or tem-
poral structure exists, 2) describe any observed
structure using ecological community attributes,
and 3) quantify the relationship of that structure to
habitat conditions. The first objective is important
because if there is no detectable structure, then
there is also no significant habitat influence on
those assemblages (McKenna 1993). The second
objective provides standard measures of species as-
semblage status that can be compared in space and
time and with results of other studies. The third ob-
jective provides the most powerful application of
our findings by highlighting which habitat condi-
tions are most strongly associated with particular
fish assemblages and which might be managed for
some desirable objective.

METHODS

Study Area

The west-central Lake Erie basin (on the U.S.
side) extends from roughly Sandusky Bay on the
west to Avon Point on the east—a distance of ap-
proximately 75 km (Fig. 1). The three largest rivers
draining into this section of Lake Erie are the
Huron River, Vermilion River, and Black River.
Mean annual discharges for the Huron River and
Black River are nearly the same (9.2-9.8 m3/s),
while the Vermilion River supplies about 80% of
that discharge (7.7 m3/s) (USGS 2008). The
nearshore lake bottom consists of large areas of
mud, with some exposed bedrock, making it a tran-
sition zone between the western basin (muddy) and
central basin (rocky).
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areas were centered on each major river mouth (circles).

Field Collections

A series of grid cells (30 seconds longitude x 30
seconds latitude) was laid out within an arc centered
on each river mouth and having a radius of 4 km.
These sampling zones encompass nearshore areas
adjacent to approximately 32% of the basin coast-
line. Ichthyoplankton samples were collected bi-
weekly, in randomly selected map grid cells from
April-September in 2000, 2001, and 2002. The
Ohio Division of Geological Survey (ODGS) and
the U.S. Geological Survey conducted side-scan
sonar surveys to describe substrate type of the entire
coastal area of the Ohio waters of Lake Erie within

~ 3.4 km of the shore (Fuller 1998). Hence, each
cell grid could be described as containing soft or
hard substrate or a combination of both (Fig. 1). On
each sampling date, a total of six randomly selected
grid cells, stratified by substrate (three soft substrate
and three hard substrate), were sampled near each
river mouth. Huron River and Vermilion River sites
were sampled routinely each year. The Black River
site was sampled during every other sampling trip in
2001 and routinely with the other two sites in 2002.
Bottom depths ranged from 2-13 m.

Spatial and temporal sampling was designed to
characterize and compare fish and invertebrate as-
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semblages associated with a variety of aquatic habi-
tats, including contrasts between soft- or hard-bot-
tom areas in each major river-dominated zone. This
study was designed for a broad assessment of
nearshore communities and habitat associations. Al-
though this paper focuses only on ichthyoplankon,
the broad design allowed us to test for benthic habi-
tat correlations, as well as relations to pelagic condi-
tions. Other aspects of this study, which include
zooplankton, benthic, and juvenile fish assemblages,
will be discussed in subsequent publications.

Ichthyoplankton were collected at each site with
a neuston net (500-um mesh, 2 x 1 m frame)
equipped with a Rigosha 5571-B flowmeter, and
towed for 5 min at the water surface. Flow meter
measurements were then used to standardize ichthy-
oplankton catches to abundance per 1,000 m?3 fil-
tered. Samples were preserved in 80% ethanol in
the field, after excess water was removed. Individu-
als were sorted under a dissecting microscope, iden-
tified to species (using Auer 1982), enumerated,
and measured to the nearest mm in the laboratory.

A suite of abiotic variables (including benthic
substratum characterized as hard or soft) was mea-
sured along with several biological components to
characterize the habitat. At each sampling station
we recorded GPS coordinates (Garmin GPS 125
Sounder with GBR 21 differential beacon receiver)
and water depth to the nearest m (sounding line of
Ray Jefferson Model 202, depth computer). Water
samples were taken within 1 m of the water surface
and 1 m above the bottom with a Kemmerer bottle.
In situ water quality was assessed by measuring
temperature (°C) and dissolved oxygen concentra-
tions (mg/L; Yellow Springs Instruments Model 54
Oxygen Meter), clarity (m; Secchi disk), and con-
ductivity (uS/cm?; Oakton TDSTestr3) at each site.
Water samples were taken for chlorophyll a (ug/L)
and phosphorus (mg/L) seasonally in 2001 and ana-
lyzed by standard colorometric methods (USEPA
1982). In 2002, an Aquaflor 8000 flourometer was
used to obtain chlorophyll a at each sampling sta-
tion. Substratum was surveyed with side-scan sonar
(ODGS) and areal extent of hard or soft bottom was
determined within each study area (Fuller 1998).

Data Analysis

Exploratory data analysis included examination
of sample species assemblages by Bootstrapping
Cluster Analysis (BCA) (McKenna 2003a) and
Canonical Correspondence Analysis (CCA; ter
Braak 1986) to identify distinct assemblages and

ecological patterns. Sample species assemblages
consisted of the unit abundance (number /1,000 m3)
of each species collected during a given sampling
event. The BCA used the Bray-Curtis similarity
measure, the UPGMA linkage method (Boesch
1977), and 100 bootstrap samples to test each link-
age (McKenna 2003a, b); significance of each link-
age and all other statistical tests was determined at
the a = 0.05 level. CCA provides a direct gradient
analysis, revealing gradients in both biotic and abi-
otic variables and identifying significant species-
habitat relationships (ter Braak 1986). This analysis
was performed with the CANOCO program (ter
Braak 1987), using a Monte Carlo permutation pro-
cedure (499 permutations) to identify abiotic vari-
ables that significantly affected the ichthyoplankton
assemblages. Only variables of significant influence
that contributed > 10% to explained variation were
retained in the analysis. Overlay of distinct cluster
groups on the ordination triplot (samples, species
optima, and abiotic vectors [gradients]) was used to
help characterize optimal environmental conditions
and relationships among different assemblages
(McKenna 2003b). Species richness and the Shan-
non-Weaver index (Shannon and Weaver 1949)
were used as measures of biodiversity.

A %2 test for goodness of fit was used to test the
correspondence of ichthyoplankton assemblage oc-
currence and bottom substratum. Kolmogorov-
Smirnov tests were used to determine the
significance of differences in spatial distributions of
major ichthyoplankton assemblages. Long-shore
distributional differences examined frequency of oc-
currence of major cluster types within 0.05° longi-
tude (~4.2 km) classes. Onshore-offshore
distributional differences examined frequency of oc-
currence of major cluster types within 0.01° latitude
(~1.1 km) classes. One-way Analysis of Variance
(ANOVA) was used to test significance of differ-
ences in optimum values (means within clusters) of
abiotic variables among distinct species assemblages
(cluster groups). Tukey’s multiple comparison test
was applied to identify significantly different
groups, when ANOVA detected overall significant
differences among groups (Zar 1999). Simple linear
regression was used to test species-specific re-
sponses of fish abundances to Secchi depth.

RESULTS

Ichthyoplankton Community Structure

Larval fish were captured from April through
September; total abundance peaked in June or July
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FIG. 2. Larval fish abundance (mean number/1,000 m3) during the Lake

Erie Nearshore Study 2000-2002.

each year (Fig. 2). Seasonal patterns of fish density
were similar among sites, but densities were usually
higher at the Huron River. Generally, spring fish
abundance at the Vermilion River lagged 1 to 2
weeks behind that at the Huron River. Fish densities
varied greatly at some sites among years, but were
generally highest in 2000 and lowest in 2002. Fish
densities were not recorded at the Black River site
in 2000 and only intermittently in 2001; however,
fish abundance in 2001 at that site was similar to
that observed in 2002.

Twenty-six fish species were collected during the
3 years of study (Table 1). Fourteen species were
found in each year of the study and several species
were consistently prominent. Lake whitefish were
the primary species collected in April each year

(Fig. 3). Percids (yellow perch, Perca flavescens;
walleye; and logperch, Percina caprodes, primarily)
were most abundant in May or June of 2000 and
2001. A large number of cyprinids (dominated by
emerald shiners, Notropis atherinoides) were abun-
dant each summer. Centrarchids (Lepomis, Mi-
cropterus, and Pomoxis spp.) and temperate basses
(Morone spp., white perch and white bass) were
also well represented in summer. Rainbow smelt,
Osmerus mordax, were most numerous in 2000,
while clupeids (alewife, Alosa pseudoharengus, and
gizzard shad, Dorosoma cepedianum) were numer-
ous in 2000 and 2002.

Initial cluster analysis results identified 14 dis-
tinct ichthyoplankton species assemblages. How-
ever, emerald shiners, a ubiquitous and abundant
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TABLE 1. Fish species recorded in neuston tows during 2000-2002 in west-central Lake Erie. The loca-
tions at which each ichthyoplankton species was present are indicated by B (Black River), H (Huron

River), or V (Vermilion River).

Years Locations
Species Common name Group Collected Present
Coregonus clupeaformis Lake Whitefish Whitefish All B,H,V
Osmerus mordax Rainbow smelt Smelt All B,H, V
Alosa pseudoharengus Alewife Clupeid 2002 B,H,V
Dorosoma cepedianum Gizzard shad Clupeid All B,H, V
Carassius auratus Goldfish Cyprinid 2000, 2002 ,
Cyprinus carpio Carp Cyprinid 2000 v
Luxilus cornutus Common shiner Cyprinid All B,H, V
Notemigonus crysoleucas Golden shiner Cyprinid 2000 H
Notropis atherinoides Emerald shiner Cyprinid All B,H,V
Notropis hudsonius Spottail shiner Cyprinid All B,
Morone americana White perch Morone All B,H,V
Morone chrysops White bass Morone All H,V
Etheostoma nigrum Johnny darter Percid 2001 v
Percina caprodes Logperch Percid All B,H,V
Perca flavescens Yellow perch Percid All B,H,V
Sander vitreum Walleye Percid All B,H, V
Lepomis spp. Sunfish Centrarchid All B,H,V
Lepomis macrochirus Bluegill Centrarchid 2000, 2001 s
Micropterus salmoides Largemouth bass Centrarchid 2000 H
Pomoxis spp. Crappie Centrarchid All B,H,V
Pomoxis nigromaculatus Black crappie Centrarchid 2000 H
Aplodinotus grunniens Freshwater drum Misc. All B,H,V
Carpiodes cyprinus Quillback carpsucker Misc. 2001 H
Erimyzon sucetta Lake chubsucker Misc. 2000, 2001 H,V
Ictiobus spp. Buffalo Misc. 2000 H
Neogobius melanostomus Round goby Misc. 2001 H,V

bl

species, obscured the pattern of other ichthyoplank-
ton assemblage components. Species assemblages
were more distinct and the seasonal pattern clearer
when emerald shiners were treated as a co-variable,
by removing them from the cluster analysis and re-
placing them as a component of each distinct clus-
ter posteriori. Controlling for the influence of
emerald shiner, BCA revealed nine distinct species
assemblages labeled A through I (Fig. 4). However,
> 95% of sample assemblages were members of
only three clusters (A, C, and E; Table 2). These
clusters represent three common assemblages corre-
sponding to an early spring lake whitefish-
dominated assemblage (A), a mid-spring percid-
dominated assemblage (E), and a late-spring to
summer emerald shiner-dominated assemblage (C).
Minor assemblages F and G (dominated by darters
and walleye) joined the mid-spring cluster (E) and
added to the general “percid” character of prevalent
assemblages at that time (Fig. 4). The other minor

assemblages (mostly dominated by emerald shiner)
were rare and generally occurred in conjunction
with the summer assemblage (C).

Although some overlap of the hyperspaces
(CCA) occupied by the three major assemblages
(clusters) occurred in the ordination space, assem-
blage boundaries were clear (Fig. 5). Assemblage
changes were evident with increasing temperature
and assemblages moved inshore as the seasons pro-
gressed. Most species optima (ordination location
of maximum species abundance) were located
within the bounds (ordination) of the summer
shiner assemblage (C). However, johnny darter,
Etheostoma nigrum, yellow perch, walleye, and
logperch optima were associated with the mid-
spring percid (E) assemblage and the lake whitefish
(A) optimum was unique to the early spring assem-
blage. Monte Carlo tests of ordination results
showed that month was the strongest factor affect-
ing species assemblage structure and was closely
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FIG. 3. Taxonomic composition as percent of

total abundance for each group of larval fish
caught during Lake Erie Nearshore Study during
2000, 2001, and 2002. The “other” group con-
sisted primarily of clupeids and smelt, but also
may include the other species listed in Table 1 as
Centrarchid or Misc.

associated with surface water temperature and de-
creasing depth (Fig. 5). The CCA also identified
important associations (environmental gradient vec-
tors) of assemblages with Secchi depth and sub-
strate, and to a lesser extent surface conductivity.
However, we found no significant association be-
tween occurrence of the major species assemblages
and substrate type (Whitefish-y2( os5(2).43 = 0.00,
Percid-y29.05(2),66 = 1.23, Shiner-x2¢.05.2),178 =
0.68).

Superclusters were formed by joining similar as-

semblages to aid in statistical tests of the broadest
species assemblage patterns. The three superclus-
ters consisted of the whitefish assemblage (cluster
A only), the percid assemblage (Clusters E, F, and
G), and all other clusters (the shiner assemblage);
minor clusters B, D, H, and I were grouped with the
shiner assemblage, because of their dominant
cyprinid composition or summer occurrence (or
both). Hereafter, discussion will focus on these
three superclusters (which will be referred to as
major assemblages), except where noted otherwise.
Relative abundances and biodiversity were
clearly different among the major assemblages
(Table 2). Overall ichthyoplankton abundance of
the shiner assemblage was significantly greater than
that of either the whitefish or percid assemblages
(Fo.05(1),2,285 = 6.7, P < 0.001). Species richness sig-
nificantly increased as assemblage dominance
shifted over time (Fg 5(1)2,285 = 43.0, P < 0.001)
and diversity of the whitefish assemblage was sig-
nificantly less than that of the two subsequent as-
semblages (FO.OS(I),Z,ZSS =25.8, P <0.001).

Environmental Conditions and
Larval-habitat Relationships

The seasonal river discharge patterns were nearly
identical among the three rivers in the sampling
area, with nearly linear decreases from high April
values (13—18 m3/s) to low July and August values
(< 1-3 m3/s). Water temperature did not differ no-
ticeably among the three study years and did not ac-
count for the differences in overall abundances of
the assemblages (Fig. 6). Dissolved oxygen (D.O.)
varied somewhat with year, but correlations with
changing species abundance were not apparent
(Fig. 6). Water temperatures increased (Fg os5(1),2,232
=411.38, P < 0.001) and D.O. (F0.05(1)’2’232 =74.55,
P < 0001) and COl’ldUCtiVity (FO.OS(I),2,232 = 4192,
P < 0.001) decreased as spring progressed to sum-
mer. Water clarity (Secchi depth) also increased
(Fo.05(1).2,232 = 14.50, P < 0.001) with season (Fig.
6)

ANOVA results indicated that month and eight
habitat variables differed significantly among
ichthyoplankton assemblages (Table 3), corroborat-
ing most multivariate patterns. The summer shiner
assemblage occurred significantly later than did the
whitefish or percid assemblage. The whitefish as-
semblage occurred earlier than any other assem-
blage (except minor assemblage F, walleye only).
Secchi depth increased after the peak of the percid
assemblage. Of the dominant species in each as-
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rence (or both).

semblage, only lake whitefish displayed a signifi-
cant (negative) response (log-linear) to water clarity
(Secchi depth, FO.OS(l),1,367 = 421, P < 0001, R2 =
0.10). Surface and bottom water temperatures in-
creased significantly as the peak of each major as-
semblage occurred (Table 3). Surface conductivity
was significantly greater when the early (whitefish)
and mid-spring (percid) assemblages were domi-
nant, than later in the year. Surface and bottom
D.O. remained high while the early and mid-spring
assemblages (whitefish and percid) were dominant,
but decreased significantly during the time of the
summer shiner assemblage.

We found significant differences among spatial
distributions of the major ichthyoplankton assem-
blages. Latitudinal distributions of the whitefish
and percid assemblages did not differ significantly
from that of the shiner assemblage, but the white-
fish assemblage was more offshore (higher latitude)
than the percid assemblage (D = 0.34, df = 14, P =
0.05). Longitudinal distributions of the whitefish
and percid assemblages did not differ significantly
from that of the shiner assemblage, but tended to be
found in more westerly waters (D = 0.431,df =8, P
< 0.06). The whitefish assemblage was distributed

more easterly than the percid assemblage (D =
0.619, df =8, P < 0.001).

DISCUSSION

Ichthyoplankton Community Structure

West-central Lake Erie is known to be a valuable
production area for larval and juvenile stages of
nearshore-dependent sport, commercial, and forage
fishes (Ludsin and Stein 2001). Yellow perch was a
dominant component of one major ichthyoplankton
assemblage and is an important sport and commer-
cial species in central Lake Erie. Commercial and
recreational catches of yellow perch in central Lake
Erie accounted for 68% and 32% of the statewide
Ohio landings (ODNR 2007). Forage fishes, espe-
cially dominant members of the shiner assemblage
(e.g., emerald shiners and gizzard shad) are major
prey items for valuable Lake Erie piscivores such as
walleye, smallmouth bass, and yellow perch
(Knight et al. 1984). However, the Great Lakes are
more like oceans than inland lakes (Meadows et al.
2005) and difficulty of working in the nearshore
zone means that relatively few studies have been
conducted there (Uzarski et al. 2005). Previous
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TABLE 2. Distinct Ichthyoplankton assemblages in nearshore habitats of west-central Lake Erie. Super-
clusters are a combination of similar, but distinct assemblages. Mean values are averages of all sample

assemblages within each supercluster.

Mean Fish Species Species Species Mean Species

Supercluster ~ Cluster Cluster Abundance Richness  Diversity Composition Abundance
Whitefish A 44 36 4 0.06 Lake Whitefish 35.5
other 0.3
Percid E 62 65 14 1.24 Logperch 38.8
Yellow Perch 14.5
Walleye 5.2
Lake Whitefish 3.2
White Perch 1.1
other 2.4
F 3 44 1 0.00 Walleye 43.7
G 2 3 2 0.69 Walleye 1.4
Johnny Darter 1.2

Mean 67 63 2.22 0.48
Shiner B 3 57 2 0.19 Emerald Shiner 53.9
White Perch 2.7
C 171 904 24 1.19 Emerald Shiner 490.5
Gizzard Shad 272.8
Rainbow Smelt 90.1
Alewife 19.6
other 31.2
D 3 242 3 0.06 Emerald Shiner 239.1
other 2.6
H 1 3 1 0.00 Bluegill 2.6
I 1 22 2 0.45 Emerald Shiner 18.3
Round Goby 3.7
Mean 179 787 3.04 0.49

work provides only a few scattered accounts of the
presence of young fish in the west-central basin of
Lake Erie (e.g., Goodyear et al. 1982) and some in-
dications of habitat associations (Goforth and Car-
man 2005). This study provides a more systematic
investigation of larval fish communities in this re-
gion of the lake. The open-water nearshore area in
our study consistently supported a dynamic and di-
verse larval fish assemblage, with at least 26
species contributing to the ichthyoplankton. Similar
ichthyoplankton species richness has been observed
in western Lake Erie (Mizera et al. 1981) and this
value is higher than that reported for other Great
Lakes areas (Klumb et al. 2003; Oyadomari and
Auer 2004; D. Crabtree, The Nature Conservancy,
June 2008, pers. comm.). We identified significant
ichthyoplankton community structure associated
with both taxonomic groups and temporal changes.
That structure was characterized by three main as-
semblages that overlapped somewhat in time, but
followed each other sequentially through the sea-

sons—whitefish, percid, and then shiner. The same
general timing of peak larval abundances was also
observed by Mizera et al. (1981) in western Lake
Erie. These common assemblages provide the best
information about the broad general patterns of fish
assemblage structure and habitat associations that
are likely to most strongly influence the west-
central Lake Erie ecosystem.

Lake whitefish comprised a monospecific unique
assemblage that occurred in early spring, when tem-
peratures were coldest and clarity was lowest. This
historically important native species is a cold water
coregonid and benthic feeder (Trautman 1981), well
known for wide, environmentally-driven population
fluctuations (Freeburg et al. 1990). These fish have
adapted to spawn in late fall-winter (often under
ice), broadcasting their eggs over rocky substrate in
nearshore areas. Their larvae are some of the first to
hatch and start feeding each spring.

In mid-spring, the percid assemblage became
prominent, as temperature increased. This group in-
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FIG. 5. Canonical correspondence analysis triplot of species optima, sample locations,
and significant temporal and environmental gradients within the first two axes of the ordi-
nation space. Species optima are indicated by open triangles (A); only species mentioned in
the text are labeled in the figure. Sample assemblages of each superclusters are enclosed
within polygons. Whitefish sample assemblages are indicated by circles, percid assemblages
by squares, and shiner assemblages by diamonds. Each environmental gradient increases
in the direction the vector points and strength of the influence on the fish assemblage is

indicated by the length of each vector.

cluded yellow perch, logperch, johnny darter, and
walleye. The observed overlap in time and space of
these species’ optima (CCA) indicates similar re-
source requirements of the percids at this larval
stage. Ontogenetic and habitat shifts at other stages
likely minimize competition as fish grow and food
availability becomes limiting (Craig 2000). These
Percidae species deposit eggs on a variety of sub-
strate and invest different amounts of parental pro-
tection in the young, from none in walleye, to
territorial guarding by johnny darter. As adults,
darters are benthic insectivores. Walleye and yellow
perch are demersal and raptorial; walleye begin eat-

ing fish at a young age. Juveniles of these species
are often associated with submerged aquatic vegeta-
tion and other benthic structures (Trautman 1981).
The shiner assemblage was most diverse, abun-
dant, and widespread, but dominated by emerald
shiner, gizzard shad, rainbow smelt, and alewife.
These species are generally r-selected, broadcast
spawners that deposit many eggs in nearshore wa-
ters or tributaries. Parental care of young varies
widely within this assemblage, but the dominant
species do not invest in protection of larvae, which
drift with the plankton. As adults, they are typically
pelagic planktivores. This assemblage includes sev-
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TABLE 3. Mean habitat variable values by major ichthyoplankton assemblage (supercluster). Results of
one-way ANOVA testing (a = 0.05) for differences among supercluster means are provided by F and P,
where model d.f. = 2 and error d.f. = 232. Multiple comparison test results indicate significant differences
among specific assemblages. The depth associated with the shiner supercluster was not significantly dif-

ferent from that of the whitefish or percid clusters.

Mean by Super Cluster

Habitat Variable Whitefish ~ Percid Shiner F P Multiple Comparisons
Conductivity (surface) 323.6 313.0 272.0 41.92 < 0.0001 Shiner < Whitefish = Percid
Depth 8.8 6.50 7.52 4.60 0.0109 Whitefish > Percid

D.O. (bottom) 9.77 10.21 6.58 127.58 < 0.0001 Shiner < Whitefish = Percid
D.O. (surface) 9.78 10.38 7.62 74.55 < 0.0001 Shiner < Whitefish = Percid
Month 4.04 4.92 6.66 223.73 < 0.0001 Shiner > Percid > Whitefish.
Secchi depth 1.05 1.46 2.31 14.50 < 0.0001 Shiner < Whitefish = Percid
Substrate 1.56 1.58 1.53 0.28 0.7565 no significance
Temperature (bottom) 9.05 12.19 20.68 228.77 < 0.0001 Shiner > Percid > Whitefish
Temperature (surface) 9.92 12.60 22.40 411.38 < 0.0001 Shiner > Percid > Whitefish

eral non-native species (e.g., rainbow smelt and
alewife). Members of this assemblage were most
numerous in late summer when water temperatures
were high and were found in shallow waters
throughout west-central Lake Erie.

Environmental Conditions

Environmental variables generally followed the
normal seasonal progression of increasing water
temperature and clarity. Water temperature was one
of the strongest correlates with ichthyoplankton as-
semblage structure and represented a general index
of seasonal change. Temperature affects physiologi-
cal rates, including respiratory and feeding rates,
and possibly growth efficiency (Klieber 1961).
There was little difference in water temperature
trends during this study, but in longer-term studies
(> 30 years), fish growth has been positively corre-
lated with increasing temperature (Hall and Rud-
stam 1999). Water clarity also was a strong
correlate with assemblage structure and lake white-
fish abundance was negatively correlated with Sec-
chi depth. Turbid conditions may be an indication
of suspended sediment or abundant food for the
more pelagic groups. Ichthyoplankton densities
(e.g., walleye) have also been correlated with de-
creasing water clarity in other Great Lakes areas
(Roseman et al. 2005).

The absence of a significant relationship between
larvae and any particular bottom location is not sur-
prising given that, by definition, planktonic larvae
cannot effectively swim against a current (though
they may adjust their depth to take advantage of
different food environments and flow regimes).

Thus, they are at the whim of lake circulation.
However, suitable spawning locations (relative to
that circulation) are critical to larval survival and
for fish populations to persist, the larvae must suc-
cessfully reach the nursery areas. Our results indi-
cate that even as coastal conditions change and
sediment input to the lake changes in quality and
volume (Rukavina and Zeman 1987), the nearshore
zone remains a viable and important habitat for
Lake Erie fishes, many of which spawn on rocky
substrate. Future diet and benthic invertebrate
analyses associated with this research should pro-
vide additional insights into the value of these habi-
tats for older fish.

Ecological Implications

The annual cycle of primary production is well
known in temperate aquatic systems (Wetzel 1975,
Haffner et al. 1984). The location of spawning
grounds and timing of spawning and hatching for
the major ichthyoplankton groups is likely to have
adaptive significance for this fish community be-
cause of coordination with this annual cycle
(Lasker 1975). The large, high-quality lake white-
fish eggs hatch at a time when there is abundant lar-
val food available from the spring phytoplankton
bloom and associated zooplankton increase. Com-
petition for this resource is weak, because few other
species hatch at that time. Increased zooplankton
production provides abundant food for the emerg-
ing Percid larvae at the tail end of the planktonic
bloom (Wetzel 1975, Patalas 1972, Haffner et al.
1984, Gardner et al. 1989). Benthic invertebrate
production may be stimulated a short time later as
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much of the spring bloom production is transferred
to the bottom (Dermott and Corning 1988). The
warm late spring-summer season provides a sus-
tained period of pelagic production and a diverse
assemblage of ichthyoplankton species is sup-
ported. The older, more mobile juveniles of species
hatched earlier in the year may also take advantage
of the summer productivity.

It is unclear why the Whitefish assemblage was
distributed more easterly than the Percid assem-
blage. Both lake whitefish and walleye (dominant
species of each assemblage) have major spawning
grounds in Lake Erie’s west-central basin
(Goodyear et al. 1982). Perhaps downlake circula-
tion was more intense in the early spring when the
whitefish assemblage was most prominent. We are
not aware of local circulation studies in the area,
but the general downlake transport and complexity
of nearshore circulation is known (Saylor and
Miller 1987). Wind and currents are also important
in concentrating larvae (e.g., walleye) in nearshore
areas of western Lake Erie, where ichthyoplankton
prey and warm waters are most prevalent (Roseman
et al. 2005). This spatial difference may also be evi-
dence of river-specific effects. The three major
study rivers have flows (18 m3/s in spring to 1-2
m3/s in summer) within the range that can affect
lake conditions (Bedford 1992). Ludsin and Stein
(2001) found that enhanced river discharge during
April, May, and summer from central Lake Erie
streams was positively correlated with improved
fish production, especially yellow perch. Although
phosphorus loading does not appear to be directly
related to fish year class formation (Ludsin and
Stein 2001), increased river flow is often related to
enhanced system productivity through increased
lower trophic level production (Makarewicz 1993,
Livinston 1997). This often corresponds with in-
creased fish biomass (Nakashima and Leggett 1975,
Ney 1996).

The ichthyoplankton community structure eluci-
dated by this work highlights the relationships of
valuable fisheries to habitat conditions and ecosys-
tem processes. Understanding habitat changes and
their effects on the early life history stages of fishes
is critical to formulation of effective measures that
ensure the sustainability of offshore fisheries and
continued production of nearshore areas. This study
identifies the distinct groups of ichthyoplankton in
west-central Lake Erie and highlights their temporal
succession and associated habitat conditions. We
hope this information will help managers identify
critical areas or processes in need of protection.
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