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OBJECTIVES:

a. To examine how species richness, composition, and total abundance of larval and
juvenile fish assemblages have changed over past 11 years (1999-2009) at sampling
stations along IL shoreline of Lake Michigan

b. To evaluate what and how abiotic (e.g., weather, habitat, and water quality) and biotic
factors (e.g., food supplies, species competition) collectively affect the temporal
dynamics of these changes by modeling and multivariate analysis

c. To develop a strong conceptual and a robust technical framework for a future project
that will be focused on the meta-analyses of basin-wide changes in larval and juvenile
fish assemblages in relation to physical environment, climate changes, and invasive
species.

PROBLEM:

The Great Lakes ecosystems have and are still experienced dramatic changes. These changes
adversely affect both sport and commercial fisheries, and ecosystem functions of the lakes.
Assesses causes of change, in Great Lakes fish communities, particularly the substantial declines
in the populations of many native fish species (e.g., yellow perch and lake trout) is one research
priority (Great Lakes Fishery Commission 2001). One of key factors that account for the



population decline has been identified to be recruitment failure (Great Lakes Fishery
Commission 2001).

Many factors have been reported to contribute to recruitment failure, including short food
supplies, predation and competition by invasive species, and reduced spawning stock by over-
fishing (e.g., Dettmers et al. 2003, Bremigan et al. 2003, Clapp and Dettmers 2004, Creque et al.
2007). These findings provide valuable guides for fisheries management (Clapp and Dettmers
2004). However, three questions remains and need to be addressed rigorously. First, many
natural environmental factors strongly affect year-to-year variability of recruitment, including
weather conditions in spawning months, lake current, and river discharge (e.g., Hoff 2004, H60k
et al. 2006). The substantial among-year natural variability makes it a great challenge to
accurately quantify the effect of specific factors of management interests (e.g., harvesting, food
supply, and predation) on recruitment, and to predict the responses of fish assemblages to
restoration efforts or anticipated environmental changes (e.g., climate, water quality, and
invasive species).

Second, most studies have been focused on the recruitment of individual species, particularly
sport fishes (e.g., yellow perch and walleye). However, such studies are unlikely to adequately
explain or predict the change of whole fish assemblages. The interactions among species or
different assemblages can be important. For example, food competition among larvae and
juveniles of different species may significantly affect the recruitment of individual species.
Similarly, predation pressure on the larvae/juvenile of a specific species can be affected by the
larval/juvenile abundance of other species. Examining a juvenile fish assemblage as a whole
could provide new insights into the problem of recruitment. The changes in species composition
and abundance of zooplankton assemblages also could selectively affect different fish species
and then can be useful predictors of juvenile fish abundances.

Finally, previous studies have been largely concentrated on the effects of individual biotic
and abiotic factors, such as food supplies or predation. However, in reality, these abiotic and
biotic factors likely work together with complex interactions to determine the change of larval
and juvenile fish abundances. Therefore, the relative contributions of different factors likely vary
with species, locations, habitat type, and time. Simple modeling approaches (e.g., linear
regression and correlation) that were often used in previous studies may not be effective to reveal
potentially non-linear and complex relationships of juvenile fish assemblages with various biotic
and abiotic factors.

RATIONALE (IMPACT OF PROBLEM):

In this proposed study, we will directly address one of the Sea-Grant core topics, “Great
Lakes Health (especially Lake Michigan)” In specific, we will seek to fill the three knowledge
gaps as identified above. We believe that our study will significantly improve our understanding
on how different abiotic and biotic factors affect juvenile fish assemblages collectively, and our
ability of predicting future changes of juvenile fish and their possible responses to certain
management practices in the Lake Michigan.

Several recent studies have highlighted the importance of considering multiple factors in
explaining the recruitment of specific species (e.g., Hoff 2004, Clapp and Dettmers 2004,
Redman et al., 2009). However, how different biotic and abiotic factors affect juvenile fish
assemblages as a whole has been poorly understood. The conceptual and technical framework
that we will develop in this study will provide a general model similar studies and a base for a
developing basin-wide project that can be expected to attract further federal and state funding.



METHODOLOGY:
1) Framework

We will conduct two types of analyses. First, we will model the change in total juvenile fish
abundance and species richness based on a range of abiotic and biotic factors. The abiotic factors
will include nutrient concentrations, light input, and water temperature, Secchi depth. These
factors affect primary productivity and therefore zooplankton abundances. Water temperature,
wind speed, and water level also affect the growth and survival of larval fish and available
habitats. We will also consider a variety of biotic factors, including total zooplankton abundance,
the abundance of each species or taxon (not all juveniles can be identified to species level). Both
factors have been shown to be important for recruitment (Clapp and Dettmers 2004, Redman et
al. 2009). We also consider adult abundance of common species (e.g., yellow perch, alewife) and
larval fish densities in the previous year. However, two potentially important factors could not be
included in our modeling. One is lake current, which may significantly change the density of
larval fish at certain locations and then affect juvenile abundance (Clapp and Dettmers 2004).
However, water-mass movements appear highly variable and difficult to track (HO0k et al.
2006). We also do not have enough data to evaluate effects of predation. However, the effects do
not appear highly significant (Clapp and Dettmers 2004).

In the second analysis, we will use multivariate techniques to examine how changes in juvenile
fish assemblages as whole are related to the biotic and abiotic factors described above,
particularly to the abundances of different zooplankton species.

2). Data Sources

We will base our analysis primarily on a long-term monitoring project conducted by Illinois
Natural History Survey (INHS) at the Lake-Michigan Biological Station. The project was
initialized in 1999, focusing on larval and juvenile fish assemblages in South Chicago and
Waukegan areas. Two sampling stations were established in each area. Samples of zooplankton,
larval fish, and juvenile fish were collected from each station 2-4 times in summer months in the
past decade. We will also obtain abundance data of adult yellow perch, alewife, and some other
common species at our sampling stations or adjacent areas from IL Department of Natural
Resources, and include them in our modeling.

Water temperature has been recorded daily and Secchi depth twice a month in summer at our
sampling stations. We will compile weather and hydrology data for the study period from online
database (e.g., USGS, USEPA, and NOAA). The variables we are interested in include water
level, monthly precipitation, light input, wind direction and speed. We also will obtain data for a
range of water-quality variables, particularly, nutrients, from IL-EPA for our sampling locations
or adjacent areas.

3) Analytic Approaches

We will use Random Forests (Brieman 2001) to model the changes of species richness of
juvenile fish, their total abundance, and the abundance of key species (e.g., yellow perch).
Random Forests can effectively deal with non-linear responses, interactions among predictive
variables, and over-fitting issue (Cutler et al. 2007, Olden et al. 2008). The relative importance of
various biotic and abiotic factors and how each predicted assemblage attribute responds to a
given factor will be examined using the summary tools of Random Forests.

We will also use non-metric multidimensional scaling, a robust ordination technique, to
examine how juvenile fish assemblages changed over time. Correlation and randomization tests,



such as Procrustes test (Peres-Neto and Jackson, 2001), will be used to examine how different
biotic and abiotic factors affect juvenile fish assemblages. All analyses will be implemented
within R-package (R Development Core Team, 2009).

EXPECTED RESULTS AND IMPACT:

1) A primary database for juvenile fish and related biotic and abiotic variables at the two
sampling areas. We will use this database and the conceptual and technical framework
developed in this study to develop a major proposal that will be submitted to Federal or
State funding agencies (e.g., NSF, USEPA and NOAA).

2) Predictive models for near-shore juvenile fish species richness and abundance. The
models can be used to infer the role of different factors in fish recruitment and to predict
the effectiveness of certain management practices.

3) Assessments of relative contribution of different abiotic and biotic factors to the long-
term changes in juvenile fish species composition and relative abundances. This
information is critical for developing an ecosystem-based management strategy for Lake-
Michigan fisheries and will also be used in future proposal development.

4) One presentation at a regional or national scientific conference.

5) One or two publications in peer-reviewed ecological or fisheries journals.
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