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ABSTRACT 
 
Important factors which affect the settlement and growth of the freshwater bryozoan, 
Fredericella Indica (Ectoprocta) in one harbor in southern Lake Michigan are identified 
in this paper.  Plastic plates are attached at two different depths on randomly chosen dock 
posts in Michigan City, Indiana.  Weekly photographs of these plates are analyzed to 
determine the proportion coverage of Fredericella Indica on these plates.   Also, a 
number of environmental variables including lake water temperature, pH level, secchi 
reading, nitrate level, total phosphate level, water hardness, amount of ammonia, oxygen 
level, amount of total dissolved solids in the water and water conductivity, are all 
measured on a weekly basis.  A statistical analysis reveals that the date of measurement, 
post location, length of post, depth of plates, as well as lake temperature, nitrate level and 
the phosphate level are the most important factors that affect the settlement and growth of 
Fredericella Indica on the plastic plates.  Interactions between various explanatory 
factors in the study are also found to be significant.  A discussion is given which centers 
on the significance of, in particular, the depth of the plates and the temperature of the 
water on the settlement and growth of Fredericella Indica. 
 
 
INTRODUCTION 
 
Numerous studies have investigated the dynamics and interactions of the sessile benthic 
communities inhabiting rocky intertidal, coral reef, estuarine, and deep-sea vent habitats 
(Connell 1961, Dayton 1971, Paine 1971, Jackson and Buss 1975, Menge 1976, Osman 
1977 and 1998, Buss 1979, Jackson 1979, Garrity and Levings 1981, Paine and Levin 
1981, Gaines and Roughgarden 1985, Witman 1987, Bence and Nisbet 1989, Possingham 
and Roughgarden 1990, Alexander and Roughgarden 1996, Brown and Swearington 
1998, Leonard et al. 1998, Rittschof et al. 1998,  Barnes and Arnold 1999, Fairfull and 
Harriott 1999, Smith and Witman 1999, Menge et al. 1999, Barnes and Dick 2000).  
These studies have resulted in a body of knowledge and insight into the direct/indirect 
biotic and abiotic interactions and stresses occurring within these marine communities 
(Osman and Whitlatch 1998, Menge and Olson 1990). 
 
For over a century, the ecological dynamics in the marine environment, and other 
communities, such as those observed in terrestrial habitats, have been studied (Cowles 
1899, Elton and Miller 1954, Connell 1961 and 1983, Hughes 1996).  These studies and 
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the resulting general theories and mathematical models have done much to explain and 
increase our understanding of the environmental factors controlling and supporting 
biological communities (Vance 1984, Roughgarden et al. 1985, Hughes 1990, Farrell 
1991, Dennis et al. 1995, Tanner et al. 1996, Dial and Roughgarden 1998).   However, 
even with these basic understandings, there is little known about the occurrences and 
interactions of similar benthic organisms found within the freshwater communities, 
particularly the Great Lakes region of the United States (Ricciardi and Reiswig 1993 and 
1994, Lauer and Spacie 1996, Lauer 1997, Alix and Scribailo 1998).  This lack of 
understanding in benthic communities was found to be problematic where accidental 
introductions of exotic organisms such as the freshwater mussel, Dreissena polymorpha 
have occurred (Moyle and Light 1996).  Exotic organisms can substantially modify their 
environment, creating extreme stresses on the native organisms (Griffiths 1993, Mills et 
al. 1994, Nalepa et al. 1998, Simon et al. 1998, Lauer et al. 1999).  Many potential 
negative impacts cannot be delineated due to a lack of historical data, particularly on 
sessile benthic organisms in freshwater (Karatayev et al. 1997, Ricciardi et. al 1997). 
 
Bryozoans (Bryozoa), commonly known as "moss animals" because of their plant-like 
appearance, inhabit most benthic habitats (Barnes and Ruppert 1991, Stiling 1996, Smith 
2001).  There are at least 5,000 known species of bryozoans worldwide, although only 50 
of these species are known to inhabit freshwater systems (Margulis and Schwartz 1988, 
Smith 2001).  Bryozoans are found in both lentic and lotic waters of varying degrees of 
eutrophication (Banta and Backus 1991).  These animals are colonial and may be sessile 
or motile depending on the species and life stage.   They can attach to a variety of 
substrates, including other sessile benthic organisms (Smith 2001).   
 
Biogeographical information on bryozoans in North America has been limited to the 
distribution and general ecology of these organisms (Barnes and Lauer 2003, Ricciardi 
and Reiswig 1994, Wood 1989).  In addition, bryozoan settlement and colonization 
studies have been restricted to laboratory cultures (Wood 1989).  Moreover, little is 
known about the settlement and growth patterns of specific species, such as Fredericella 
indica (Annandale 1909).  However, it is known that Fredericella Indica can grow in 
water temperatures less than 4° C and exhibits both adherent (attached to substrate) or 
erect (branched) colonial forms (Ricciardi and Reiswig 1994).  It has also been found to 
be a major food source for several species of game fish and crustaceans, such as crayfish, 
thus suggesting a possible importance to conservation agencies and commercial fisheries 
(Ricciardi and Reiswig 1994).   
 
Personal observations, surveys, and previous studies have shown that colonies 
Fredericella Indica were common within the Lake Michigan harbor basin at Michigan 
City, Indiana (Barnes; unpublished).  In addition, colonies of this species readily attach to 
and grow on artificial substrate surfaces, including PVC plates, suspended vertically 
(Barnes; unpublished).  Therefore, this species affords unique opportunities to perform 
investigative scientific studies, manipulations, and quantitative measurements on larval 
settlement, colonization patterns, seasonal growth, and competitive interactions. 
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There are three sections in the paper.  The first section describes the materials and 
methods used to not only quantify the recruitment and colonizing patterns of the bryozoan 
species, Fredericella Indica, inhabiting the harbor basin located at Michigan City 
Indiana, but also to measure the environmental conditions controlling this organism’s 
settlement and growth.  The statistical analysis is given in the second section.  The last 
section gives both a summary and discussion of the results. 
 
 
MATERIALS AND METHODS 
 
Plastic plates are attached at two different depths on randomly chosen dock posts in 
Michigan City, Indiana.  Weekly photographs of these plates analyzed to determine the 
proportion of the plates covered by Fredericella Indica.   A number of environmental 
variables including lake water temperature, pH level, secchi reading, nitrate level, total 
phosphate level, water hardness, ammonia, oxygen, total dissolved solid amount and 
conductivity, are all measured on a weekly basis.    The Michigan City harbor study area, 
test plates and environmental analyses are described in greater detail below. 
 
Study Area 
 
The study area was located in the harbor basin located at Michigan City, IN harbor (L: 
41° 43.549’N, Lo: 86° 54.431’W), on the southeastern shoreline of Lake Michigan.   It 
has one entrance/exit point that opens into the mouth of Trail Creek as it empties in Lake 
Michigan.  The study was conducted from May 21, 2002 to August 26, 2002 (15 weeks 
or 103 days; Julian calendar: day 135 to day 238).  The mean water depth of the harbor 
basin was determined on August 16, 2000 by using 23 depth readings randomly selected 
from sites within the harbor.  Water depth measurements were determined using a 
portable fishfinder (Apelco 265©, Raytheon Electronics, Lexington, MA).  The mapping 
coordinates of each site were determined with the aid of a handheld global positioning 
instrument (GPS III©, Garmin International, Inc., Olathe, KS).  The average water depth 
of the harbor was five meters.  Depth within the basin did not vary substantially over the 
summer months in prior years (Barnes personal observation).  Therefore, only a single set 
of measurements were collected. 
 
Test Plates 
 
Twenty four individual plastic (polyvinyl carbonate: PVC) settlement plates, measuring 
15cm x 10cm x 0.6cm. were placed at both the one-meter depth and two-meter depth 
from the lake surface on 12 randomly selected pier posts using black plastic electrical ties 
on May 13 and 14, 2002 (Osman 1977).  No settlement plates were placed deeper from 
the lake surface than two meters as preliminary studies done in 1997 revealed bryozoan 
settlement and coverage was less than 1% at water depths greater than two meters.  
Selection of the specific sites from the original site data set was performed using a 
random number sequence generated using a calculator (TI-83©, Texas Instruments 
Incorporated, Dallas, TX).  The sample sites were re-designated as plate sites “A” 
through “L” and each plate was photographed weekly beginning May 15, 2002 and 
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continuing until August 26, 2001 using underwater macrophotography similar to the 
techniques described in Hughes (1996) and Smith and Witman (1999). 
 
Photographs were digitized using a computer scanner and scaled under a grid overlay 
using computer software (Sigma Scan Pro© 6.0, SPSS, Inc., Chicago, IL).  Aerial 
coverage of colonizing bryozoans was determined by counting the number of times the 
organism was observed under the crosshairs of the grid (point-cross analysis) and 
converting the resulting value to a percent of the total area of the individual Plates 
(Hughes 1996, Smith and Witman 1999).  Only newly settled colonies of bryozoans 
occurring on the plates were quantified and any spreading or “branching” of established 
colonies outside the area of the plate, but extending into the photographs, was omitted.  
Photo scaling errors were avoided using mechanical means (stationary framer) which 
fixed camera distance and angle so that uniform photographic data were collected from 
all plates. 
 
Photographs and samples of bryozoan colonies were used to identify species settling and 
growing on the plates.  Colonies on the plates were not disturbed during sampling.  
Rather, species sampled for identification were taken from areas adjacent the plates.  
Identification of bryozoans was accomplished using dissecting and compound light 
microscopes and comparing their characteristics to current taxonomic keys (Ricciardi and 
Reiswig 1994, Smith 2001, Wood 2001). 
 
Environmental Analyses 
 
Environmental variables in the study area were measured weekly.  These tests were done 
at both one-meter and two-meter depths and in conjunction with the photographing of the 
24 settlement plates.  A total of five sampling sites were randomly chosen from the 
original 24 pier sites using the same protocol used in the selection of the photo plate sites; 
these same five sites were used throughout the study period.  Mean values of these five 
values were calculated for each sample period.  For the chemical analyses, lake water was 
collected using a two-liter capacity, Van Dorn sampler at both one-meter and two-meter 
depths.  These samples were mixed in a bucket on location and homogenous sub-samples 
were extracted into 500mL plastic bottles for later analyses (Figure 3).  All analyses were 
accomplished using methodologies found in Standard Methods (1998) and included the 
following ten tests: water temperature (°C), secchi disk (m), water hardness (mg/L of 
CaCO3), ammonia (mg/L), nitrate (mg/L), total phosphate (mg/L), dissolved oxygen 
(mg/L), pH (s.u.), conductivity (mS/cm3), total dissolved solids (TDS; mg/L). 
 
All chemical tests, except the analyses for dissolved nutrients (e.g. nitrate, phosphate, 
etc.) were performed on-site using a Conductivity/TDS meter (Model 44600, Hach 
Company, Loveland, CO).  Dissolved oxygen was measured using a digital meter (YSI© 
Model 85, YSI, Incorporated, MA).  For the dissolved nutrient tests, water samples were 
collected using the same methodology described above, placed in a cooler, and 
transported to the lab for final analyses on a spectrophotometer using spectra-colorimetric 
techniques (Spectronic® Genesis™ 8 UV/Visible, Standard Methods 1998). 
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STATISTICAL ANALYSES 
 
The data for this study is naturally broken into two different data sets, where one is called 
the physical data set and the other is called the environmental data set.  Statistical 
analyses are applied to these two data sets. A comparison is made between the 2002 data 
and previous preliminary data collected in 1997.  The statistical software package, SAS, 
is used in all of the statistical analyses. 
 
 
Analysis of physical data set 
 
The analysis of variance (ANOVA) statistical analysis described here shows that all three 
of the main explanatory factors in the physical data set, including date of measurement of 
the percent plate coverage by Fredericella Indica, dock post location and depth of the 
PVC plates below water surface on the dock posts, significantly affect the settlement and 
growth of Fredericella Indica on the PVC plates.  Interaction factors between the main 
explanatory factors in the study are also found to significantly influence this bryozoan’s 
growth rate. The model correlation is , which, since it is close to the 
maximum value of one (1), indicates all of the main and interaction factors, together, 
describe the growth rate of Fredericella Indica extremely well.  

926.02 =r

 
The analysis of variance (ANOVA) table for the physical data set is given below.  Every 
two weeks of data are merged into one to create enough degrees of freedom for the 
analysis and, as a consequence, factor “date2w” is used instead of the factor “date” in the 
analysis.  In addition to the main explanatory factors, “date2w”, “depth” and “post”, there 
are also a number of interaction factors, including, in particular, the two-factor 
interactions, “date2w x depth”, “date2w x post” and “depth x post”.  The arc sine 
transformation is applied to the % plate coverage measurements because this improves 
the ANOVA (Neter et al., p 773, 4th Edition, 1996).   
 
 
Table 1:  ANOVA of physical data set 
 
                                              Sum of 
      Source                      DF         Squares     Mean Square    F Value   P-value 
 
      Model                      191     123.8298455       0.6483238     105.13    <.0001 
 
      date2w                       7     91.91346662     13.13049523    2129.14    <.0001 
      depth                        1      2.71312174      2.71312174     439.94    <.0001 
      post                        11     10.70998057      0.97363460     157.88    <.0001 
      date2w*depth                 7      1.45662601      0.20808943      33.74    <.0001 
      date2w*post                 77     10.22173432      0.13274980      21.53    <.0001 
      depth*post                  11      2.13592559      0.19417505      31.49    <.0001 
      date2w*depth*post           77      4.67899062      0.06076611       9.85    <.0001 
 
      Error                     1608      9.9166134       0.0061670 
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      Corrected Total           1799     133.7464589 

 
On the one hand, as shown in the ANOVA table, all of the main explanatory factors, 
date2w, depth and post, for bryozoan growth are highly significant (p-value < 0.0001).  
This means that Fredericella Indica growth is different throughout the season; plotted 
data shows this difference involves a bloom and die-out period.  This also means there is 
difference in this bryozoan growth at 1 meter below the lake surface as compared to 
bryozoan growth at 2 meters below the lake surface; in particular, plotted data shows 
greater bryozoan growth occurs at 1 meter, than at 2 meters.  Finally, this indicates this 
bryozoan growth is different at the different post locations. 
  
On the other hand, not only are all main factors, date2w, depth and post, highly 
significant, but also all of the two-factor interaction factors, date2w x depth, date2w x 
post and depth x post, are also highly significant (p-value < 0.0001).  These three 
pairwise significant interactions bring up a number of interesting issues. 
 
Consider the significant date2w x depth pairwise interaction.  As shown in Figure 2, the 
upper curve of the three curves is the % Fredericella Indica coverage of the plates which 
are attached one meter below the lake surface level on the selected posts over the study 
period; the lower curve is the % coverage of the plates which are attached two meters 
below the lake surface level on the selected posts over the study period and the middle 
curve is the average of the upper and lower curves.  The test dates, between May 15th, 
2002, and August 26th, 2002, are replaced by the numbers 1, 2… 15.  In this case, 
although there is a higher percentage of bryozoan growth on all dates during the study on 
the plates attached at 1 meter below lake level, rather than on the plates attached at 2 
meters below lake level, the amount of difference between the two percentages varies 
over the course of the season.  In particular, there is a greater spread in the % plate 
coverages in the middle of the season, on dates 7 through to 11, than at any other time in 
the season.  It appears that once the growth of this bryozoan starts in earnest, those in the 
upper warmer more nutrient-filled water level of the water column spread more rapidly 
than those in the lower colder less nutrient-filled levels of the water column.  
 
 
Figure2: Various % coverage over the season 
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Consider the significant date2w x post pairwise interaction.  In this case, there is a higher 
percentage of Fredericella Indica growth occurring on the plates on dock posts I and L 
throughout the peak (dates 7 to 12) season, except for at dates 10 and 11, when the plates 
on dock post D have the greatest % plate coverage by these bryozoans. In other words, 
during some periods of the season, these bryozoans grow well at particular dock post 
locations, but, during other parts of the season, bryozoans grow well on other different 
dock post locations.  This suggests the conditions beneficial for this bryozoan growth 
move from one post location to the other throughout the season.  One possible reason for 
these transient beneficial conditions could be boat traffic in the harbor. 
 
Finally, consider the significant depth x post pairwise interaction.  As shown in Table 2, 
there is a higher percentage of Fredericella Indica growth on the plates attached on posts 
at 1 meter below surface level, rather than on the plates attached on posts at 2 meters 
below surface level, expect for at posts I and L, where the reverse is true.  A closer study 
of posts I and L reveal they are both in high traffic areas close to the lake break wall in 
the Michigan City harbor and so it is conceivable that churned up sediment as well as a 
mixed temperature water column in these locations caused this reversal. 
 
Table 2:  depth x post interaction 
 

 A B C D E F G H I J K L 
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1m 0.85% 3.44% 4.66% 7.75% 4.65% 2.32% 5.22% 4.49% 4.32% 2.44% 6.02% 5.75%
2m 0.43% 2.05% 2.43% 5.80% 2.12% 1.89% 1.42% 1.91% 6.53% 1.34% 2.17% 6.64%
 
Related to the depth x post pairwise interaction, is the plot in Figure 2 which indicates 
that the % Fredericella Indica coverage increases for increasing length of post.   That is, 
the % coverage is greater for plates attached to longer posts, or, in other words, for plates 
further from the lake bottom.  It seems as thought that these bryozoans, found at similar 
depths of water, grow faster the farther away from the lake bottom they are. 
 
Figure 2:  % coverage versus post length 
 

 
 
 
Summary 
 
The Fredericella Indica growth rate is different throughout the season, involving a bloom 
and die-out period.  There is greater growth rate at 1 meter below the lake surface, than at 
2 meters below the lake surface.  The growth rate is different at the different post 
locations.  Significant interactions between these three main factors could be due to boat 
traffic in the harbor.  Indeed, the correlation of the model without interactions, 

,  is not too much smaller than the correlation of the model with interactions, 
. 

822.02 =r
926.02 =r
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Residual plots, not shown here, indicate the assumptions necessary to use this model to fit 
the data are somewhat suspect.  In particular, a slight upward trend in the standardized 
residual versus observed arc sine coverage plot indicates a variable is missing or that 
another transformation is required to alter the model to better fit the data.  Also, a non-
linear normal probability plot indicates non-normal error when the error should, in fact, 
be normal.  Neither one of these concerns about the residuals invalidates the analysis, but 
would need to be addressed in any future analyses of the data.  In addition, all factors are 
treated as fixed factors, rather than random factors.  Some analysis has been done which 
assumed “depth” and “post” are repeatedly measured on “date” and that “post” and 
“date” are random factors, but, in the end, these complications did not seem to help or 
significantly change the results of the study as conducted here.  
 
 
Analysis of environmental data set 
 
The two linear regression analyses and the one time series analysis given in this section 
demonstrate that of the ten environmental variables, the three most important variables 
that affect the settlement and growth of Fredericella Indica on the PVC plates are lake 
temperature, nitrate level and the phosphate level. 
 
The environmental data set is given in Table 3 below.   For example, on June 11th, 2002, 
the average % plate coverage by Fredericella Indica is 0.054%, the average temperature 
is 20.80 degrees Celsius, and the pH level is 7.878 and so on.   On the one hand, the 
average % plate coverage of 0.054% is determined by averaging all twenty-four % plate 
coverages observed for dock posts A, B, C, D, E, F, G, H, I, J, K and L, at both the one 
meter and two meter depths on June 11th, 2002.  On the other hand, the average 
environmental variable temperature of 20.80, for example, was determined by averaging 
the five temperatures measured at five post test site locations chosen at random from the 
twelve in the study (where each of these five measurements are themselves the average of 
two measurements taken at one meter and two meters) on June 11th, 2002.  The other 
environmental variable averages are determined in a similar way.  
 
 
Table 3:  Environmental data set 
 

Environmental variables 
Date 

Cov 
temp pH secchi oxygen ammonia nitrate phosphate hardness conduct TDS 

May 15 0.000 13.14 7.366 0.26 7.38 0.484 0.077 0.050 120.4 0.371 0.183 
May 21 0.000 12.52 7.480 1.36 7.58 0.471 0.073 0.049 162.6 0.515 0.255 
May 28 0.000 15.98 7.720 2.66 4.94 0.422 0.062 0.075 163.0 0.569 0.292 
June 04 0.000 17.44 7.902 1.56 7.92 0.415 0.254 0.047 130.8 0.444 0.227 
June 11 0.054 20.80 7.878 3.34 8.58 0.558 0.184 0.329 143.2 0.475 0.239 
June 18 1.071 21.12 7.854 3.16 7.56 0.713 0.169 0.334 158.6 0.518 0.264 
June 25 3.300 24.38 8.200 2.56 4.81 0.619 0.082 0.396 133.6 0.413 0.207 
July 02 7.392 23.20 8.226 2.90 8.28 0.385 0.154 0.300 113.8 0.358 0.180 
July 09 9.433 26.72 7.728 2.86 7.40 0.640 0.067 0.261 143.2 0.440 0.221 
July 16 9.946 25.10 8.214 5.00 6.44 0.451 0.067 0.319 124.6 0.375 0.188 
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July 23 9.663 25.78 7.988 0.58 6.48 0.445 0.084 0.102 135.2 0.452 0.227 
July 30 6.325 25.16 8.292 0.92 8.42 0.383 0.083 0.236 166.2 0.459 0.230 
Aug 06 2.721 21.00 7.916 3.36 9.03 0.380 0.060 0.327 159.8 0.357 0.178 
Aug 13 2.163 19.80 7.636 0.76 7.97 0.374 0.071 0.251 134.2 0.363 0.181 
Aug 26 2.083 20.26 7.688 1.00 8.02 0.377 0.072 0.125 154.8 0.361 0.184 
 
 
Three analyses of this data set are discussed.   The first analysis involves applying a 
linear regression analysis that does not include either interactions between or time lags 
for the environmental variables on the environmental data set.   The second and third 
analyses involve looking into, respectively, interactions between and time lags for the 
main environmental variables.  The logit transformation is applied to the % plate 
coverage measurements because this improves the linear regression (Example 4.6.1, 
pages 128-135, McCullagh and Nelder, 2nd Edition, 1989).   
 
Linear regression analysis of the environmental data set, without interactions or time 
lagged variables 
 
All ten environmental predictor variables are more likely than a model with only a few of 
these variables to fit the data better, to better describe the growth rate of Fredericella 
Indica.  However, a model with a lot of variables is more complicated, harder to interpret, 
than a model with a few variables.  The main goal in the analysis, then, is to select the 
smallest set of environmental variables that describes the growth rate of Fredericella 
Indica as best as is possible.  It is discovered that two environmental variables, 
temperature and nitrate levels, are chosen on the basis of this analysis as the best 
environmental variables to describe the growth rate of Fredericella Indica. 
 
The linear regression relationship between the growth rate of Fredericella Indica and the 
two environmental variables, temperature and nitrate levels, is given by: % coverage by 
Fredericella Indica =   temperature + b  nitrate + , where  and are parameters 
associated with each environmental variable and c  is the regression intercept.   The 
correlation of this model is .  The plot in Figure 3 below demonstrates that 
the % plate coverage by Fredericella Indica is directly related to the environmental 
variable, temperature: the % plate coverage increases (or decreases) when the 
temperature increases (or decreases). The scale of the temperature measurement is altered 
(divided by 3) so that both % plate coverage and temperature measurements can be 
plotted with one another on the same graph.   

a c a b

8702.02 =r

  
 
Figure3: mean percentage plate coverage and temperature 
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Correlation analysis of the regression, % coverage by Fredericella Indica =   
temperature + b  nitrate + c , demonstrate that, of the two environmental variables, 
temperature is the most important influence on the % plate coverage by Fredericella 
Indica.   In particular, the % coverage variable is found to be significantly (p-value < 
0.01) correlated with temperature, but not correlated with nitrate, although the variables 
temperature and nitrate are uncorrelated with one another. 

a

  
Residual plots, not shown here, indicate the assumptions necessary to use this regression 
model to fit the data are a little worrying.  In particular, similar to the ANOVA analysis, 
there is a slight upward trend in the standardized residuals versus observed logit coverage 
plot indicating a variable is missing or that a transformation is required in the model.  
However, the linear normal probability plot of the residuals does indicate the error is 
normal, as it should be, to allow the regression model to properly fit the data.   
 
 
Analysis of the environmental data set, with interactions 
 
The environmental data set is analyzed using a regression model where the % coverage is 
regressed on not only the three main environmental variables, temperature, nitrate and 
TDS, but also the three pairwise interactions: % coverage = a   temperature +  nitrate + 

 TDS +  (temperature x nitrate) +  (temperature x TDS) + (nitrate x TDS)  +  .  
On the one hand, similar to the previous ANOVA analysis, the three pairwise interactions 

b
c d e f h
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are investigated here to determine if the three main predictors act together in a non-
additive way on the % plate coverage by Fredericella Indica.  On the other hand, 
whereas the pairwise interactions proved to be of significant interest in the ANOVA 
analysis, here in the regression analysis, they do not.  Although the correlation for the 
linear regression model with interactions, , is a slight improvement over the 
model without interactions, , all of the t-statistics for the tests of whether any 
of the parameters associated with the main predictors and interactions are zero are 
insignificant, indicating

9495.02 =r
9061.02 =r

0======= hfedcba .  That is, none of the 
environmental variables significantly influence % coverage by Fredericella Indica 
according to this t-statistic diagnostic test. As a consequence of this analysis, it was clear 
that the % plate coverage by Fredericella Indica is best described using the main 
environmental variables, temperature and nitrate alone, without any pairwise interactions. 
 
 
Analysis of the environmental data set, with time lags 
 
Using the Schwarz’s Bayesian criterion (SBC) criterion as a measure of how well a time 
series model fits the data,  one particularly good fitting model, with , is of 
the form: % coverage (at time t) =  temperature (at time t) +  phosphate (at times t-1 
and t-2) +  nitrate (at times t, t-5 and t-6) + .  In other words, temperature and nitrate 
influence the bryozoan growth rate immediately, phosphate influences the bryozoan 
growth rate after a time lag of one and two weeks and nitrate influences the bryozoan 
growth rate after a time lag of five and six weeks.  This finding indicates that a change in 
phosphate, for example, indirectly, rather than directly, influences bryozoan growth rate.  
A chain reaction of intermediate environmental variables must occur before the initial 
change in phosphate finally influences the Fredericella Indica growth rate itself.  These 
statistical results are corroborated by mean treatment plots for all environmental variables 
similar to the plot given in Figure 3 above.   

08.24−=SBC
a b

c d

 
The assumptions necessary to use the various time series models used to fit the data here 
are satisfied.  The residual autocorrelations and crosscorrelations are all statistical 
insignificant (p-value < 0.05), indicating the time series are, as they should be, stationary.  
Also, the t-statistics associated with the environmental parameters in the various models 
are significant indicating that these parameters are, in fact, significantly influencing the 
bryozoan growth rate.  
 
Summary 
 
Of the ten environmental variables investigated in this study, three influence the 
Fredericella Indica growth rate more than the others: temperature, nitrate, and phosphate.   
The temperature environmental variable acts on this bryozoan’s growth rate immediately, 
the phosphate environmental variable acts on this bryozoan’s growth rate after a delay of 
a week of more and the nitrate environmental variable act both immediately and after a 
delay of a few weeks or more. 
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Combined Physical-Environmental data set 
 
When combined, the physical variables, depth, post (length) and date, dominate the 
environmental variables: water temperature, pH level, secchi reading, nitrate level, 
phosphate level, hardness, ammonia, oxygen, total dissolved solids and water 
conductivity.  That is, the physical factors appear to be more important than the 
environmental variables, in influencing the Fredericella Indica growth rate.  However, 
this finding might well be a consequence of the manner in which the two data sets were 
combined, rather than physical factors actually being more influential than the 
environmental variables when describing bryozoan growth rate.   
 
The combined physical-environmental data set is analyzed using a regression model 
where the % coverage is regressed on both the physical factors, depth, post (length) and 
date, and also the environmental variables: water temperature, pH level, secchi reading, 
nitrate level, phosphate level, hardness, ammonia, oxygen, total dissolved solids and 
water conductivity.  There is no one best way to combine these two different data sets.  
However, it is decided to assign every % of plate coverage measurement by Fredericella 
Indica to every environmental variable observation on every date of the study.  
Consequently, there is a  total of 2 depths x 12 posts x 5 environmental test sites x 15 
dates = 1800 data points. Based on different linear regression selection procedures, the 
three physical variables, depth, post and date are consistently chosen from the entire 
combined collection of physical factors and environmental variables, as the best 
predictors to describe the Fredericella Indica growth rate.  
 
 
Statistical analysis of 1997 data set and comparison to 2002 study 
 
In the summer of 1997, a similar but smaller precursor study to the one conducted in 
2002 was undertaken to again identify how each of the physical and environmental 
variables influenced the bryozoan growth rate.  In spite of the many differences, an 
attempt is made to compare the 48 useable points in the 1997 data set with the 
comparable 1440 useable points in the 2002 data set.  The main results are given below.    
 

1. Although the % plate coverage peaked at about the same time in each season, the 
% plate coverage in 1997 was much greater, peaking at 100% coverage, than the 
% plate coverage in 2002, peaking at around 20%. 

2. A greater proportion of each plate was covered at two meters by Fredericella 
Indica, than at one meter in 1997, which is essentially the reverse of the results of 
the 2002 data analysis. 

3. In 1997, an analysis of the physical data set revealed all main factors, depth, post 
and date, were significant, but all interaction factors including depth post, 
depth date, post date and depth post date were either non-significant or only 
mildly significant.  In 2002, recall, all effects, main and interaction, are 
significant, although, as explained above, the interactions do not change the 
results concerning the main factor. 

x
x x x x
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4. An analysis of the environmental data set revealed that the important 
environmental variables included temperature, secchi, oxygen and ammonia in 
1997, as compared to, recall, the variables temperature, nitrate and phosphate in 
2002.  It is interesting to note that the one variable common to both analyses is the 
variable temperature. 

5. A second type of bryozoan, Lophopodella carteri, appeared on the plates used in 
the 1997 study that did not appear in the 2002 study. 

 
On the one hand, there are a number of similarities between the 1997 and 2002 studies.  
The data collection procedure for the 1997 study proceeded pretty much in the same way 
as the data collection procedure for the 2002 study.   In 1997, like in 2002, metal (not 
plastic) plates are attached to various dock posts in the Michigan City harbor.  In both 
studies, pictures are taken of these plates on a weekly basis and later analyzed to 
determine the proportion of plate coverage by F. indica.  Also in both studies, a number 
of environmental measurements are taken on a weekly basis.   
 
On the other hand, there are a number of big differences between the 1997 and 2002 
studies that, really, make them incomparable.  The main big difference between the 1997 
and 2002 studies is related to the dock posts: the posts used in the 1997 study are not the 
same posts used in the 2002 study.  All nine (9) posts used in the 1997 study are from one 
dock, the 300 dock---the same 300 dock that had posts C and D in the 2002 study.  In 
other words, all of the posts in the 1997 study are “close to” posts C and D in the 2002 
study.  The 300 dock was replaced by a new 300 dock after 1997 and, in particular, the 
wooden posts were replaced by metal posts. In other words, even though all of the posts 
in the 1997 study are close to posts C and D in the 2002 study, the posts are made of 
different material in the two different years.   Furthermore, at the same time the 300 dock 
was replaced, the lake bottom sediment associated with this dock was dredged.  This 
dock was the last dock replaced in the harbor.  The other docks had been replaced and the 
associated lake bottom dredged in the harbor in previous years. 
 
 
SUMMARY OF RESULTS AND DISCUSSION 
 
The date of measurement, post location, length of post, depth of plates, as well lake 
temperature, nitrate level and phosphate level are the most important factors that affect 
the settlement and growth rate of Fredericella Indica.  After reviewing the results of the 
study, a discussion is provided which explores the implications of these results.  The 
discussion centers on the significance of the depth of the plates and the temperature of the 
water on the settlement and growth of Fredericella Indica. 
 
Review of study results 
 
The Fredericella Indica growth rate is different throughout the season, involving a bloom 
and die-out period.  There is greater growth rate at 1 meter below the lake surface, than at 
2 meters below the lake surface.  The growth rate is different at the different post 
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locations. Significant interactions between these three main factors could be due to boat 
traffic in the harbor. 
 
Of the ten environmental variables investigated in this study, three influence the 
Fredericella Indica growth rate more than the others: temperature, nitrate, and phosphate.   
The temperature environmental variable acts on this bryozoan’s growth rate immediately, 
the phosphate environmental variable acts on this bryozoan’s growth rate after a delay of 
a week of more and the nitrate environmental variable act both immediately and after a 
delay of a few weeks or more. 
 
When combined, the physical variables (depth, post and date) dominate the 
environmental variables (water temperature, pH level, secchi reading, nitrate level, 
phosphate level, hardness, ammonia, oxygen, total dissolved solids and water 
conductivity).  That is, the physical variables are more important than the environmental 
variables in describing the growth rate of Fredericella Indica.   However, this might well 
be a consequence of the manner in which the two data sets were combined, rather than 
physical factors actually being more influential than the environmental variables when 
describing bryozoan growth rate.   
 
In spite of the difficulty in comparing the small 1997 study with the large 2002 study, it 
was discovered that the environmental variable temperature was significant in both the 
1997 and 2002 studies.  
 
 
Implication of study results: depth 
 
An environmental variable that affected % plate coverage by Fredericella Indica was 
depth.  Coverage by this species of bryozoan was significantly less at two meters 
compared to coverage at one meter.  These results suggest that, although there was equal 
space on the settlement plates at the two depths, settlement and growth were inhibited at 
two meters.  It is not known why this phenomenon occurred.  One possibility is that 
temperature differences between the two depths led to differential settlement and growth.  
However, water temperature profiles within the harbor during previous years revealed 
that the water temperature only varied by approximately one degree Celsius between the 
surface and the first four to five meters of depth within the harbor basin.  Additionally, 
normal lake stratification in southern Lake Michigan was unlikely to play a role because 
primary thermoclines are usually observed at approximately five meters or deeper during 
the summer months well below the depth of the sample plates (Horne and Goldman 1994, 
Barnes personal observations).   
 
Bryozoan settlement (percent coverage) at two meters was reduced whereas the length of 
time the colonies remained on the plates after settlement was not.  This suggested that 
larval recruitment was inhibited by factors other than temperature.  For example, 
interspecific competitive interactions, such as interference by other sessile benthic 
organisms (Vance 1984), might have inhibited bryozoan settlement relative to water 
depth.  Although this study did not investigate the settlement patterns of bryozoans 
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beyond the two-meter depth, numerous studies have shown colonization by the exotic 
freshwater mussel, Dreissena polymorpha (zebra mussels), on hard substrata increases 
with water depth (Smit et al.1993, Stanczykowska and Lewandowski 1993, Lauer 1997, 
Barnes unpublished).  Therefore, since both zebra mussels and bryozoans are filter-
feeding organisms requiring hard substrata to colonize and both F. indica and zebra 
mussels inhabit the harbor habitat in close proximity, a form of exploitation competition, 
often observed in marine benthic communities, for suspended food particles, may have 
occurred between these species (Paine 1971, Buss 1979, Nandakumar and Tanaka 1997, 
Osman and Whitlatch 1998, Barnes and Dick 2000, Sepkoski et al. 2000).  Moreover, 
zebra mussels may be inadvertently feeding on the planktonic larvae of F. indica 
(predation) thus causing a reduction in the abundance below two meters (Lauer et al. 
1999). 
 
A third possible reason for the reduction in settlement relative to depth observed in this 
study is that larvae of this species of bryozoan could be photophilic, similar to some 
marine bryozoan species (Cancino et al. 1991), and negatively respond to the reduced 
levels of light that are common with increased depth (Nybakken 2001). 
 
 
Implication of study results: temperature 
 
Water temperature showed the single greatest influence on bryozoan colonization serving 
as a cue to initiate larval settlement of Fredericella Indica.  When the surrounding water 
temperature rose above 20°C, colonization and growth of F. indica increased.  The 
distinct occurrence of settlement on all the plates at the same time by Fredericella Indica 
suggested that numerous planktonic larvae of this species were present in the water 
column.  This supports the hypothesis that spawning of Fredericella Indica may also be 
temperature dependent.  Other freshwater organisms, such as zebra mussels have used 
this same reproductive strategy in order to increase the survival of offspring (Garton and 
Haag 1993, Neumann et al. 1993, Sprung 1993). These findings are also evident in 
marine environments where temperature has played an important role in regulating 
spawning and larval recruitment of benthic invertebrates, including bryozoans (Gaines 
and Roughgarden 1985, Brown and Swearington 1998, Rittschof et al. 1998, Fairfull and 
Harriott 1999, Okland and Okland 2000).  However they do contradict findings from a 
recent study in Norway where F. indica was absent in lake waters 19°C or above (Okland 
and Okland 2001).  This environmental difference/preference could be indicative of 
ecotypic variation within the genome of this species (Futuyma 1998). 
 
Summary 
 
The findings of this study provide the first record of how various environmental variables 
impact the colonization and growth of the freshwater bryozoan, Fredericella Indica.  This 
study has also shown that freshwater benthic communities may be as dynamic as those 
found in the marine environment, showing distinct changes and interactions.  Although 
the results of this study raise additional questions about the ecological interactions 
occurring within freshwater habitats these questions will be better answered by future 
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investigations into several areas including continuing measurements of successional 
change (multiple seasons), competitive interactions, planktonic larvae and recruitment, 
and habitat and water quality indicators (Index of Biotic Integrity: I.B.I.; Banta and 
Backus 1991) to name a few. 
 
 
ACKNOWLEDGEMENTS 
 
The authors would like to thank Nilupa Gunaratna, a graduate student in statistics at 
Purdue University, and Bruce Craig, associate Professor of statistics at Purdue University 
for their suggestions. 
 
LIST OF REFERENCES 
 
Alexander, S. E. and J. Roughgarden.  1996.  Ecological Monographs.  Larval transport 

and population dynamics of intertidal barnacles: a coupled benthic/oceanic model.  
66(3): 259-275. 

 
Alix, M. S. and R. W. Scribailo.  1998.  Aquatic plant species diversity and floristic 

quality assessment of Saugany Lake, Indiana.  Proceedings of the Indiana 
Academy of Science. 107: 123-139. 

 
Annandale, N.  1909.  A new species of Fredericella from the Indian lakes.  Rec.  Indian 
 Mus.  (Calcutta), 3: 373-374. 
 
Banta, W. C. and B. T. Backus. 1991. Bryozoans as Indicators of Water Quality 

in the Washington DC Area. Final Report for U. S. Department of the Interior. 
August 13, 1991. pp. 19. 

 
Barnes, D. K. and T. E. Lauer.  2003.  Distribution of freshwater sponges and bryozoans 
 in Northwest Indiana.  Proceedings of the Indiana Academy of Science. 
 112(1):29-35. 
 
Barnes, D. K. A., and R. J. Arnold.  1999.  Possible latitudinal dines in Antarctic 

intertidal and subtidal zone communities encrusting ephemeral hard substrata.  
Journal of Biogeography 26(2): 207-213. 

 
Bence, J. R. and R. M. Nisbet.  1989.  Space-limited recruitment in open systems: the 

importance of time delays.  Ecology.  70(5).  pp. 1434-1441. 
 
Brown, K. M., and D. C. Swearington.  1998.  Effects of seasonality, length of 

immersion, locality and predation on a intertidal fouling assemblage in the 
Northern Gulf of Mexico.  Journal of Experimental Marine Biology and Ecology 
225(1): 107-121. 

 
Cancino, J. M., R. N. Hughes, and C. Ramirez.  1991.  Environmental cues and the 



2/19/2005 

 phasing of larval release in the bryozoan Celleporella hyaline.  Proceedings of the 
 Royal Society of London Series B Biological Sciences.  246(1315).  pp. 39-46. 
 
Cowles, H. C.  1899.  The ecological relations of the vegetation on the sand dunes of 
 Lake Michigan. Part I.-Geographical Relations of the dune floras.  Botanical 
 Gazette.  (27)2.  pp. 95-117. 
 
Dayton, P. K.  1971.  Competition, disturbance, and community organization: the 

provision and subsequent utilization of space in a rocky intertidal community.  
Ecological Monographs 41:351-389. 

 
Dennis, B., R. A. Desharnais, J. M. Cushing, and R. F. Costantino.  1995.  Nonlinear 

demographic dynamics: mathematical models, statistical methods, and biological 
experiments.  Ecological Monographs.  65(3).  pp. 261-281. 

 
Dial, R. and J. Roughgarden.  1998.  Theory of marine communities: the intermediate 
 Disturbance hypothesis.  Ecology.  79(4).  pp. 1421-1424. 
 
Elton, C. S. and R. S. Miller.  1954.  The ecological survey of animal communities: with 

a practical system of classifying habitats by structural characters.  Ecology 42(2): 
460-496. 

 
Fairfull, S. J. L. and V. J. Harriott.  1999. Succession, space, and coral recruitment in a 

subtropical fouling community.  Marine and Freshwater Research 50(3): 235-242. 
 
Farrell, T. M.  1991.  Models and mechanisms of succession: an example from a rocky 
 intertidal community.  Ecological Monographs.  61(1): 95-113. 
 
Futuyma, D. J. 1998.  Evolutionary Biology.  3rd Ed.  Sinauer Associates, Inc., 
 Sunderland, Massachusetts.  pp.  763. 
 
Gaines, S., and J. Roughgarden.  1985.  Larval settlement rate: a leading determinant of 

structure in an ecological community of the marine intertidal zone.  Proceedings 
of the National Academy of Science 82:3707-3711. 

 
Garrity, S. D. and S. C. Levings.  1981.  A predator-prey interaction between two 

physically and biologically constrained tropical rocky shore gastropods: direct, 
indirect and community effects.  Ecological Monographs.  51(3): 267-286. 

 
Garton, D. W. and W. R. Haag.  1993.  Seasonal reproductive cycles and settlement 
 patterns of Dreissena polymorpha in western Lake Erie: in Zebra mussels: 
 biology, impact, and control, T. F. Nalepa and D. W. Schloesser, editors.  Lewis 
 Publishers, Boca Raton, Florida, USA.  pp. 415-438 
 
Griffiths, R. W.  1993.  Effects of zebra mussels (Dreissena polymorpha) on benthic 



2/19/2005 

fauna of Lake St. Clair; in Zebra mussels: biology, impact, and control, T. F. 
Nalepa and D. W. Schloesser, editors.  Lewis Publishers, Boca Raton, Florida, 
USA.  pp. 415-438. 

 
Horne, A. J., and C. R. Goldman.  1994.  Limnology.  McGraw-Hill, Inc.  New York. 
 pp. 576. 
 
Hughes, T. P.  1990.  Recruitment limitation, mortality, and population regulation in open 
 systems: a case study.  Ecology.  71(1).  pp. 12-20. 
 
Hughes, T. P.  1996.  Demographic approaches to community dynamics: a coral reef 
 example.  Ecology.  77(7): 2256-2260. 
 
Jackson, J. B. C.  1979.  Overgrowth competition between encrusting Cheilostome 

ectoprocts in a Jamaican cryptic reef environment.  Journal of Animal Ecology 
48:805-823. 

 
Karatayev, A. Y., L. E. Burlakova, and D. K. Padilla.  1997.  The effects of Dreissena 

polymorpha (Pallas) invasion on aquatic communities in Eastern Europe.  Journal 
of Shellfish Research 16(1): 187-203. 

 
Lauer, T. E. and A. Spacie. 1996.  New records of freshwater sponges (Porifera) for 
 Southern Lake Michigan.  Journal of Great Lakes Research.  22(1):77-82. 
 
Leonard, G. H., J. M. Levine, P. R. Schmidt, and M. D. Bertness.  1998.  Flow-driven 
 variation in intertidal community structure in a Maine estuary.  Ecology.  79(4): 
 1395-1411. 
 
Margulis, L. and K. V. Schwartz. 1988. Five Kingdoms: An Illustrated Guide to 

the Phyla of Life on Earth. W. H. Freeman and Company, New York, New York. 
pp. 376. 

 
Menge, B. A.  1976.  Organization of the New England rocky intertidal community: role 

of predation, competition, and environmental heterogeneity.  Ecological 
Monographs.  46: 355-593. 

 
 
Menge, B. A. and A. M. Olson. 1990.  Role of scale and environmental factors in 
 regulation of community structure.  Trends in Ecology and Evolution 5:52-57. 
 
Menge, B. A., B. A. Daley, J. Lubchenco, E. Sanford, E. Dahloff, P. M. Halpin, 

G. Hudson, and J. L. Burnaford.  1999.  Top-down and bottom-up regulation of 
New Zealand rocky intertidal communities.  Ecological Monographs.  69(3): 297-
300. 

 
Moyle, P. B. and T. Light.  1996.  Biological invasions of freshwater: empirical rules and 



2/19/2005 

 assembly theory.  Biological Conservation.  78:149-161. 
 
McCullagh, P. and J.A. Nelder.  1996.  Generalized Linear Models.  Chapman and Hall,   
 New York, New York.  pp. 511. 
 
 
Nalepa, T. F., D. J. Hartson, G. A. Fanslow, G. A. Lang, and S. J. Lozano.  1998.  
 Declines in benthic macroinvertebrate populations in southern Lake Michigan, 
 1980-1993.  Canadian Journal of Fisheries and Aquatic Sciences.  55: 2402-2413. 
 
Nandakumar K., and M. Tanaka.  1997.  Effect of colony size on the competitive 

outcome of encrusting colonial organisms.  Ecological Research 12(3): 223-230. 
 
Neumann, D. J. Borcherding, and B. Jantz.  1993.  Growth and seasonal reproduction of 
 Dreissena polymorpha in the Rhine river and adjacent waters: in Zebra mussels: 
 biology, impact, and control, T. F. Nalepa and D. W. Schloesser, editors.  Lewis 
 Publishers, Boca Raton, Florida, USA.  pp. 415-438 
 
Nybakken, J. W.  2001.  Marine Biology: an ecological approach.  Benjamin Cummings. 

New York.  pp. 516. 
 
Okland, K. A., and  J. Okland.  2000.  Freshwater bryozoans (Bryozoa) of Norway: 

distribution and ecology of Cristatella mucedo and Paludicella articulata.  
Hydrobiologia 421: 1-24. 

 
Okland, K. A., and  J. Okland.  2001.  Freshwater bryozoans (Bryozoa) of Norway II:  
 Distribution and ecology of two species of Fredericella.  Hydrobiologia.  
 459:103-123. 
 
Osman, R. W.  1977.  The establishment and development of a marine epifaunal 
 community.  Ecological Monographs.  47: 37-63. 
 
Osman, R. W., and R. B. Whitlatch.  1998.  Local control of recruitment in an epifaunal 

community and the consequences to colonization processes.  Hydrobiologia 376: 
 113-123. 
 
Paine, R. T. 1971. A Short-term Experimental Investigation of Resource Partitioning in a 

New Zealand Rocky Intertidal Habitat. Ecology 52(6): pp. 1096-1106. 
 
Paine, R. T. and S. A. Levin.  1981.  Intertidal landscapes: Disturbance and the dynamics 
 of pattern.  Ecological Monographs.  51(2): 145-178. 
 
Possingham, H. P. and J. Roughgarden.  1990.  Spatial population dynamics of a marine 
 organism with a complex life cycle.  Ecology.  71(3): 973-985. 
 
Ricciardi, A., and H. M. Reiswig.  1994.  Taxonomy, distribution, and ecology of the 



2/19/2005 

freshwater bryozoans (Ectoprocta) of eastern Canada.  Canadian Journal of 
Zoology 72: 339-359. 

 
Rittschof, D., R. B. Forward, G. Cannon, J. M. Welch, M. McClary, E. R. Holm, 

A. S. Clare, S. Conova, L. M. McKelvey, P. Bryan, and C. L. Dover.  1998.  
Cues and context: larval responses to physical and chemical cues.  Biofouling 
12(1-3): 31-44. 

 
Roughgarden, J., Y. Iwasa, and C. Baxter.  1985.  Demographic theory for an open 
 marine population with space-limited recruitment.  Ecology.  66(1).  pp. 54-67. 
 
SAS Institute Inc. 1991. SAS/ETS Software: Applications Guide 1, Time Series 

Modeling and Forecasting, Financial Reporting, 
 and Loan Analysis, Version 6, First Edition. 
 
SAS Institute Inc. 1993a. SAS/ETS Software: Applications Guide 2, Econometric 
 Modeling, Simulation, and Forecasting, Version 6, 
 First Edition. 
 
SAS Institute Inc. 1993b. SAS/ETS User's Guide, Version 6, Second Edition. 
 
Smit, H., A. bij de Vaate, H. H. Reeders, E. H. van Nes, and R. Noordhuis.  1993. 
 Colonization, ecology, and positive aspects of zebra mussels (Dreissena 
 polymorpha) in the Netherlands: in Zebra mussels: biology, impact, and control, 
 T. F. Nalepa and D. W. Schloesser, editors.  Lewis Publishers, Boca Raton, 
 Florida, USA.  pp. 415-438. 
 
Smith, D. G.  2001.  Pennak’s Freshwater Invertebrates of the United States: Porifera to 

Crustacea, 4th edition.  John Wiley and Sons, New York.  pp. 638. 
 
Smith, F. and J. D. Witman.  1999.  Species diversity in subtidal landscapes: maintenance 
 by physical processes and larval recruitment.  Ecology.  80(1): 51-68. 
 
Sprung, M.  1993.  The other life: an account of present knowledge of the larval phase 
 of Dreissena polymorpha: in Zebra mussels: biology, impact, and control, T. F. 
 Nalepa and D. W. Schloesser, editors.  Lewis Publishers, Boca Raton, Florida, 
 USA.  pp. 415-438 
 
Stanczykowska, A. and K. Lewandowski.  1993.  Thirty years of studies of Dreissena 
 polymorpha ecology in mazurian lakes of northeastern Poland: in Zebra mussels: 
 biology, impact, and control, T. F. Nalepa and D. W. Schloesser, editors.  Lewis 
 Publishers, Boca Raton, Florida, USA.  pp. 415-438. 
 
Standard methods for the examination of water and wastewater.  20th Ed.  1998. 
 
Stiling, P. D. 1996. Ecology: Theories and Applications. Prentice Hall, Upper Saddle 



2/19/2005 

River, New Jersey. pp. 539. 
 
Tanner, J. E., T. P. Hughes, and J. H. Connell.  1996.  The role of history in community 
 dynamics: a modeling approach.  Ecology.  77(1).  pp. 108-117. 
 
Vance, R. R..  1984.  Interference competition and the coexistence of two competitors on 
 a single limiting resource.  Ecology.  65(5).  pp. 1349-1357. 
 
Witman, J. D.  1987.  Subtidal coexistence: storms, grazing, mutualism, and the zonation 
 of kelps and mussels.  Ecological Monographs.  57(2): 167-187. 
 
Wood, T. S.  1989.  Ectoproct bryozoans of Ohio.  Ohio Biological Survey 8(2).  pp.70. 
 
Wood, T. S.  2001.  Bryozoans, p. 505-525.  In: J. H. Thorp and A. P. Covich (eds.) 
 Ecology and physical of North American freshwater invertebrates.  2nd Ed. 
 Academic Press, Inc., New York. 
 


