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Executive Summary

To assess the feasibility and efficacy of restoring portions of discontinued fish monitoring, the first period of fish sampling for Pool 13, Pool 26, the La Grange Reach, and the Open River Reach was reinstated from 2007 to 2009.  Our objectives for this study were to 1) examine how the omission of data from the first period affects species detection and the number of individuals captured (catch), 2) examine how the omission of data from the first period affects trends in species richness, 3) examine the effects of the omission of data from the first period on detection of strong reproductive output for dominant fishes, and 4) examine how the omission of data from the first period influences the correspondence of young-of-the-year fish community patterns relative to flooding events in the UMRS.  

With data from the first period removed, the total number of fishes captured was reduced from 446,965 to 216,990, a 51% reduction.  The reduction in total catch would have been expected to be closer to 33% if catch was equally distributed among the three time period of fish sampling.  Factors that may have contributed to the observed reduction in catch include the production of YOY fishes during or slightly before the first period, seasonal migrations of fishes, and movement of fishes too and from tributary streams during high water events.  For skipjack herring and silver carp, two species of particular concern to UMRS managers, the reduction in catch was over 80%.
For the three years of this study and across the entire time series examined (1994 to 2009), from three to ten species of fish were captured only during the first period of sampling in each of the four trend areas.  Most of these species were rare species represented by only a single individual within our data, but each trend area also had at least one species where multiple individuals were captured.  These results may reflect fishes moving to and from tributaries at the tail end of annual high water events.  
The omission of data from the first period reduced species richness in each trend area by an average of four species.  When all data were included, no trends in species richness were found for any of the four trend areas from 1994 to 2009.  When data from the first period were removed from 2007 to 2009, a significant negative trend in species richness was detected for two trend areas across the entire time series.  This suggests that if the first period of fish sampling is dropped (as is currently the case in Pools 4 and 8), researchers would need to omit data from the first period for all years when analyzing trends in species richness and possibly certain diversity indices.  The Long Term Resource Monitoring (LTRM) element should devise guidelines to advise researchers on suggested ways to handle substantial cases of missing data (i.e., the omission of one or more time periods of sampling).
From 2007 to 2009, the number of species where strong reproductive output was detected varied from eight and nine in the La Grange Reach and Pool 26, to three in the Open River Reach.  In all but the Open River Reach, six or seven examples of discrepancies in the estimation of reproductive output were found in each trend area when data from the first period were omitted.  Exactly which species and years were affected by the omission of data from the first period was not consistent among the trend areas.  Five of the eleven species displayed discrepancies in the detection of a strong reproductive output in only one of the four trend areas.  Discrepancies in the detection of strong reproductive output were found for white bass and gizzard shad in three of the four trend areas, whereas none of the eleven species had discrepancies in all four trend areas.  Channel catfish and bluegill were the only species where discrepancies in the estimation of reproductive output were not found in any trend area.  Eliminating data from the first period had the most consistent effects for Pool 13, where all four of the species showing strong reproductive output during the study also displayed discrepancies when first period data were omitted.  The Open River Reach was the only trend area where discrepancies in the estimation of reproductive output were not observed, but only three of the species examined showed strong reproductive output during this study.  Given this variation, it would be difficult to predict with any certainty which species in which trend area would show discrepancies should fish sampling in the first period be eliminated. 
Omission of the data from the first period had little effect on the groupings of fish during years of major flooding in Pool 26 and the La Grange Reach.  In Pool 13, the omission of data from the first period changed the grouping of YOY fishes in 2008, a year with moderate flooding.  The omission of data from the first period had inconsistent effects on other years of moderate flooding.  We note, however, that the specific timing of flooding likely is important when trying to match flood patterns to fish community patterns.  Examining data from different periods separately may be useful in more thorough analyses of trends in flooding and the production of YOY fishes.  

We believe our analyses demonstrate that the omission of data collection from the first period hinders the ability to use LTRM data to analyze differences in the production of YOY fishes and in the ability to use these data to look for correspondence with patterns with environmental factors potentially influencing YOY production and survival.  Additionally, the elimination of data from the first period had significant effects on species richness and total catch, and the program will need to provide guidelines on how researchers should account for these differences in analyzing LTRM data should first-period sampling be dropped.  Given the relatively low cost associated with collecting and maintaining data from the first period, we recommend that the program maintain the reinstatement of first period sampling in the four trend areas.

Introduction

In response to variable and insufficient funding for the LTRM, a Minimum Sustainable Program (MSP) was developed in 2004 and implemented in 2005.  The objective of the MSP was to develop a five-year plan that fit the monitoring program into specified and restricted funding guidelines.  Consequently, large cuts to monitoring activity were made to fit into the proposed funding guidelines.  The invertebrate component was dropped from all study areas.  Vegetation monitoring was dropped from Pool 26 and the La Grange Reach and was reduced by at least 100 sites each in Pools 13, 8, and 4.  First period sampling for fishes was dropped for all study areas, and reductions in the number and frequency of fixed site monitoring for water quality were made for all study areas.  
Several members of the LTRM partnership were dissatisfied with the decision to drop the first period of fish sampling, believing these data yielded important information on the production of young-of-the-year (YOY) fishes (hereafter referred to as reproductive output) in the Upper Mississippi River System (UMRS).  As outlined in the Water Resources Development Act of 1986, the goals of the LTRM “…. include: (1) Develop a better understanding of the ecology of the UMRS and its resource problems; (2) Monitor resource change; (3) Develop alternatives to better manage the UMRS; and (4) Provide for the proper management of long term resource monitoring program information.”  Information on variation in the strength of reproductive output of fishes falls under goal 1, providing information to help us better understand the ecology of the UMRS.  Although possibly not critically damaging to the detection of long-term trends in the overall status of fish populations, information on reproductive output can provide insight into the factors contributing to these trends.  
Information on the processes that determine year class strength of fishes, the relative abundance of a particular year class or cohort within the stock of a given fish species, is fundamental to understanding population dynamics of fishes.  The process of recruitment of fishes (i.e., surviving to stock size) involves several life history stages including the initial production of eggs, hatching and survival through the larval stages, and survival through the juvenile stage.  What we are defining as reproductive output in this report is a combination of the abundance of fish in the post-larval and the juvenile stages.  We believe that a measure of the strength of reproductive output during the first time period could be useful in analyses of LTRM data conducted with the goal of gaining insight into LTMRP patterns of fish abundance.  For example, a significant decline in the CPUE of stock size fishes may be the result of poor reproductive output, poor survival of YOY fishes through the growing season, poor overwinter survival of YOY fishes or poor survival of adult fishes.  Each of these possible stages likely would be addressed through different management actions.  Having a measure of reproductive output could be useful in identifying where specific population bottlenecks might be occurring.  This study will evaluate how omission of data from the first period of LTRM fish sampling affects the ability to detect strong reproductive output within a given year.
To assess the feasibility and efficacy of restoring portions of the discontinued monitoring, the first-period fish sampling for Pool 13, Pool 26, the La Grange Reach, and the Open River Reach was restored from 2007 to 2009.  We report on findings of this restored monitoring by providing a summary of basic catch data including a list species captured uniquely during the first period, an analysis of trends in species richness, and by analyzing the ability to detect strong reproductive output of dominant fishes in the four trend areas from.  
The specific objectives of our analyses were:
1) To examine how the omission of data from the first time period affects species detection and number of individuals captured.
2) To examine how the omission of data from the first time period affects trends in species richness.

3) To examine the effects of the omission of data from the first time period on detection of strong reproductive output for dominant fishes.

4) To examine how omission of data from the first time period influences the correspondence of young-of-the-year fish community patterns relative to flooding events in the UMRS.  

Methods

Fish monitoring was carried out using standard LTRM methodology and allocations (see Gutreuter et al. 1995) during the first period, June 15 – July 31, 2007 - 20009, in four trend areas: Pools 13, Pool 26, and the Open River Reach of the Mississippi River, and the La Grange Reach of the Illinois River (Figure 1).  To examine patterns in total catch and species richness, we used data from day electrofishing, large and small hoop nets, fyke nets, and mini-fyke nets.  In addition to the focus years for this study (2007 to 2009), we also obtained data from these gears from 1994 to 2009 from all time periods and strata sampled consistently throughout the time series.  Data from 1993 were excluded from this study because only one time period of sampling was conducted in Pool 26 and the Open River Reach due to the Great Flood of 1993.  Similarly, data from 2003 in Pool 13 were excluded because only one time period of sampling was conducted in that trend area due to budget constraints.  For the full time period examined in this study (1994 to 2009), the first time period of fish sampling was conducted in all trend areas for all years except 2005 and 2006, and 2003 for Pool 13.
Detection of Strong Reproductive Output - To examine whether omission of data from the first period of fish sampling would affect our ability to detect years with strong reproductive output, we examined trends in catch-per-unit-effort (CPUE) of YOY fishes based on length criteria for dominant species.  For fish sampled from 2007 to 2009, 15 species comprised over 90% of the total individuals captured.  Eliminating minnows and other fishes of small adult size yielded ten species, and we added bighead carp to this list due to the recent interest in Asian carp dynamics in the system (Table 1).  We determined a size cut-off for each species to designate individual fish as YOY, by defining initial YOY cut-off lengths using the Von Bertalanffy growth equation (Busacker et a. 1990) and refining these cut-off lengths through graphical analysis of LTRM data (Table 1).  Chick (In Press) provides further details on the methods used to determine YOY cut-off lengths.  
For all 11 species, only mini-fykes or day electrofishing yielded substantial catch for YOY fishes.  We selected the gear that maximized annual mean CPUE relative to the variance around these means for each species for examining trends in YOY CPUE,  Trends in YOY CPUE of gizzard shad, white bass, black crappie, bluegill, common carp, and bighead carp were made using mini-fyke data, whereas trends for buffalo (Ictiobus spp.), largemouth bass, channel catfish, and silver carp were made using day electrofishing.  The strength of reproductive output produced from 2007 to 2009 was judged relative to baseline data from 1994 to 2004.  An annual mean CPUE for YOY of a given species was considered to reflect strong reproductive output if that mean was of a magnitude consistent with the greatest means for that species from 1994 to 2004.  Based on initial review of our data, it was clear that freshwater drum produced weak reproductive output from 2007 to 2009 in all four trend areas, so freshwater drum were not included in further analyses.  We calculated pool-wide means of catch-per-unit-effort, weighted by strata, using the Proc Surveymeans procedure in version 8.02 of SAS for Windows (see Chick in press for further details).  We considered the omission of data from the first period of sampling to have caused a discrepancy in the detection of a strong year-class when standard error bars did not overlap for means calculated with and without the first period data.
Flooding and YOY Production - We examined how the omission of data from the first time period would influence the correspondence of YOY fish community data and data on flooding within each trend area.  Because flooding is predicted to influence the production of YOY fishes in rivers, we thought this analyses would provide a useful example of using LTRM YOY data to learn about the river ecosystem.  We used USGS and Army Corps of Engineers river stage data from 2007 to 2009 to identify the extent of flooding in each trend area, and the LTRM fish data collected from 1994 to 2009.  The same eleven fish species identified above were used in these analyses.  Non-metric multidimensional scaling (NMDS) was used to examine patterns in the community structure of YOY fishes based on the Bray-Curtis similarity matrix.  All analyses were conducted using the SAS (SAS Institute 2001) and Primer (Primer-E Ltd. 2001) software packages.  We used a multi-gear approach in putting together the fish data sets, following the methods described in Chick et al. (2005) to combine data for YOY size fishes from day electrofishing and mini-fyke nets.  Based on examination of dominance diversity graphs, we log-transform (log10 CPUE + 1) data from each gear prior to standardization to reduce the influence of very abundant species on the multivariate analyses.  Transformed data for each gear were standardized by dividing the transformed mean CPUE for each species, year, and trend area, by the grand mean of total CPUE (i.e., summed across all species, years, and trend areas).  The data sets for each gear were then combined by summing the standardized means for each species, year, and trend area from each gear (Chick et al. 2005).  For each trend area, we compared non-metric multidimensional plots of the annual YOY fish community that either included or excluded, data from the first time period from 2007 to 2009.  We examined whether years with moderate or major flooding would group similarly depending on whether data from the first time period was included.  The minimum similarity needed to produce these groupings was plotted.  Note that at Bray-Curtis similarity of 100%, all years would form individual groups whereas all years would form a single group at Bray-Curtis similarity of 0%. 
Results and Discussion

With all data included, a total of 446,965 fishes, representing 106 species were captured in the four trend areas from 2007 to 2009 (Table 2).  Gizzard shad were the most abundant species, followed by silver carp and emerald shiner.  With data from the first time period removed the total number of fishes captured was reduced to 216,990, a 51% reduction, and the number of species captured was reduced by seven.  On a species basis, the greatest reduction in catch occurred for skipjack herring (88% reduction), silver carp (81% reduction ), western mosquitofish (73% reduction), threadfin shad (66% reduction), logperch (64% reduction), grass carp (63% reduction), and gizzard shad (61% reduction).  Clearly, the elimination of the first of the three time periods causes a far greater decline in total catch than a simple 1/3 reduction, the expectation if catch was distributed equally among time periods.  Factors that may contribute to this reduced catch include the production of YOY fishes during the spring, seasonal migration of fishes, and movement of fishes too and from tributary streams during high water events.  
In all trend areas, several species were captured only during the first time period both during this study (2007 to 2009) and across the full time series (1994 to 2009).  Most of these species were rare species represented by only a single individual within our data (Table 3, 4).  For each trend area, however, some species were represented by multiple individuals including western sand darter in Pool 13 (listed on the state Threatened and Endangered list of Iowa and Illinois), black bullhead and central stoneroller in Pool 26, dusky darter and Johnny darter in the Open River Reach, central stoneroller and suckermouth minnow in the La Grange Reach (Table 3, 4).  The capture of certain species only during the first time period may reflect fishes moving to and from tributaries at the tail end of annual high water events which usually occurs around the beginning of first time period sampling. The invasive Round Goby was captured in the La Grange Reach during the first time period in this study, which is the first record of this species in LTRM data.  The Open River Reach had the greatest number of species captured only within the first time period, which may be an indication of the influence of fishes from the Missouri River Basin, the Ohio River Basin, and the Lower Mississippi River.
Species Richness Patterns - Removing data from the first time period significantly affected statistical trends in species richness for two trend areas.  With first period data included in the analysis, no significant trends in species richness were detected for any trend area.  In contrast, significant negative trends were present for Pool 26 and the Open River Reach when data from the first time period were omitted from 2007 to 2009 (Figure 2).  Omission of data from the first time period caused a mean reduction of 4 species in each trend area per year.  This indicates that should first period sampling be dropped from future years, scientists analyzing species richness will need to omit first period data from all years and all trend areas to prevent erroneous trends in species richness.  Given this and the large reduction in catch for most species, it is possible that omission of the first time period may lead to similar issues for diversity indices.  
Dropping the first time period from all years may seem a simple solution for species richness and diversity analyses, but as a program we are very inconsistent in making such corrections.  For example, in the fish indicators section of the most recent LTRM Status and Trends Report, stars are used in the figures for species richness to indicate substantial reductions in effort (i.e., only 1 time period sampled) that occurred in 2003 for pools 4, 8, and 13 (Johnson and Hagerty 2008).  In 1993, however, flooding caused the same level of reduced effort in Pool 26 and the Open River Reach but the species richness figures do not include stars for these data points.  The year 1993 was omitted from the figures for commercial and recreational fishes because of the reduced effort in that year, but no omission of data or notes of the reduced effort were made for the upper three trend areas in 2003.  No other fish indicator graphs make any mention of the reduced effort in either 1993 or 2003 (Johnson and Hagerty 2008).  As a program, we need to reach consensus regarding analysis guidelines for dealing with major reductions in effort (e.g., omission of one or more time periods of sampling) within our long-term data set.
Detection of Strong Reproductive Output – We found examples of strong reproductive output by species that would either have been undetected or underestimated in magnitude without data from the first time period in three of the four trend areas (Table 5).  In Pool 13, mean CPUE for buffalo in 2008 was the greatest in the time series, but this reproductive output would have been missed without data from the 1st time period (Figure 3).  Mean CPUE for largemouth bass in 2007 from day electrofishing would have been underestimated without data from the 1st time period.  Data from mini-fyke nets in Pool 13 showed the greatest CPUE in the time series for gizzard shad in 2007, but this reproductive output would have been missed without data from the 1st time period.  Finally, mini-fyke CPUE for white bass was substantially reduced in Pool 13 without data from the first time period for 2007 to 2009 (Figure 3).
In Pool 26, nine of the eleven species produced strong reproductive output, allowing us to examine whether discrepancies occurred when data from the first time period were omitted (Table 5).  Min-fyke CPUE showed strong reproductive output for gizzard shad and white bass in 2007 that would have been missed without data from the first time period (Figure 4).  Strong reproductive output of bluegill in 2008 would have been underestimated without data from the first time period, but the standard error around these means overlapped (Figure 4).  Additionally, mini-fyke CPUE for common carp and white bass were generally reduced when data from the first time period was omitted.  The strongest reproductive output on record for common carp in Pool 26 occurred in 2008, but this reproductive output would have been missed without first time period data (Figure 4).  Omission of first time period had little effect on mean CPUE from day electrofishing, or detection of strong reproductive output for black crappie (mini-fyke), buffalo, channel catfish, largemouth bass, or silver carp (Figure 5).
Only three of the eleven species had strong reproductive output in the Open River Reach from 2007 to 2009 (Table 5).  Detection of strong reproductive output was not affected by the omission of first time period for any of these three species (Figure 6).  Strong reproductive output for black crappie in 2008 would have been underestimated without data from the first time period, but the standard error around the means with and without first period data overlapped.  
Eight of eleven species produced strong reproductive output in the La Grange Reach of the Illinois River, and seven of these showed discrepancies when data from the first time period were omitted (Table 5).  Mini-fyke net samples showed strong reproductive output for bighead carp in 2008, gizzard shad in 2007, and moderately strong reproductive output of black crappie in 2007, all of which would have been missed without data from the first time period (Figure 7).  Although no particularly strong reproductive output of white bass was detected, mean CPUE was reduced when data from the first time period were omitted, and omission of first period data had little effect on mean CPUE for bluegill.  Day electrofishing samples revealed strong reproductive output of largemouth bass 2007 and silver carp in 2009 that would be underestimated without data for the first time period (Figure 8).  Omission of first time period had little effect on mean CPUE or detection of strong reproductive output for channel catfish (Figure 8).
Floods and YOY Fish Production – Across the four trend areas, three major floods and three moderate floods occurred from 2007 to 2009.  Pool 13 showed the least amount of flooding among the four trend areas.  Little to no flooding occurred in 2007 and 2009, whereas moderate flooding (> 18 ft) occurred in 2008 (Figure 9).  Over the period of record for the Bellevue Gauge, floods have crested higher than the 2008 flood in 11 other years.  The YOY fish community in 2008 grouped by itself at 65% similarity when all data were included, but grouped with several other years when data for the first time period were omitted (Figure 10).

In Pool 26, minor flooding occurred during the spring and fall of 2007, but crests did not reach moderate flood level (24 ft; Figure 11).  Moderate flooding occurred in the spring and fall of 2009, whereas prolonged major flooding (> 29 ft) occurred in the spring and summer of 2008 (Figure 11).  Moderate flooding also occurred in September of 2008.  The spring 2008 flood was a historic flood in Pool 26.  Only the floods of 1993, 1973, and 1844 crested at higher levels in Grafton, Illinois.  The YOY fish community in 2008 grouped with the community in 2002 at the 60% similarity level, regardless of whether or not data from the first time period were omitted (Figure 12).  Multidimensional scaling failed to differentiate the YOY fish community of 2009 from other years regardless of whether or not data from the first time period were included.  

In the Open River Reach, a low level flood of short duration occurred in May of 2007 (Figure 13).  Moderate flooding occurred during the spring of 2008 and a major flood occurred (42 ft) in the summer of 2008, with moderate flooding occurring again in September (Figure 13).  In the Open River Reach, the YOY fish community in 2008, was not differentiated at the 65% similarity level from several other years when all data are included, but this year grouped alone when data for the first time period were omitted (Figure 14).  The major flood in 2008 may have led to greater production of some YOY fishes, but the timing of this flood may have been too late for these fish to have been detected during the first time period.  In this case, the examination of YOY fishes in each time period may clarify any pattern in YOY production that corresponds to the major flood during this year.  Moderate flooding (37 ft) occurred during the spring and fall of 2009 in the Open River Reach (Figure 13), but multidimensional scaling failed to differentiate the YOY community for this year from several other years whether or not data from the first time period were included (Figure 14).  
In the La Grange Reach of the Illinois River, moderate flooding (17 ft) occurred in the spring and fall of 2007 (Figure 15).  Moderate flooding also occurred in the spring of 2008, and flooding in late September of 2008 crested above the major flood level (23 ft).  Major flooding occurred in the spring of 2009, with higher flood crests occurring in only 5 other years at the Havana Gauge.  The YOY fish community of the La Grange Reach in 2009 grouped by itself at the 70% similarity level whether or not data from the first time period were omitted (Figure 16).  The YOY community in 2008 grouped by itself when all data were included, and grouped with the 2007 community when data from the first time period were omitted (Figure 16).  
Cost of Data Collection:
	Field Station Costs
	FISH

	Pool 13
	 $           8,115 

	Pool 26
	 $         10,483 

	La Grange
	 $           9,678 

	Open River
	 $         10,950 

	SUB-TOTAL
	 $         39,226 

	Federal pass-through overhead (3%)
	 $           1,177 

	TOTAL
	 $         40,403 

	UMESC Costs
	

	Data Management (4% of data collection costs)
	 $      1,616.11 

	Editing  & report production
	 $      1,000.00 

	UMESC cost fish nets and cake
	 $      2,000.00 

	UMESC subtotal
	 $      4,616.11 

	Federal cost with overhead  (46.503%)
	 $      6,762.74 

	 
	 

	Full COST ACCOUNTING TOTAL
	 $    47,165.52 


The budget above was developed and implemented in 2007.  In subsequent years, this budget was increased by no more than the standard 3% increase permitted in any year.
Conclusions

For the three years of this study (2007 to 2009), and across the entire time series examined (1994 to 2009), from three to ten species of fish were captured only during the first time period of sampling in each of the four trend areas.  Most of these species appear to be rare species represented by only a single individual within our data.  Each trend area also had at least one species where multiple individuals were captured.  The results may reflect fishes moving to and from tributaries at the tail end of annual high water events occurring close to, or during, the first time period of fish sampling.  One of the species captured during the first time period, western sand darter, is on the state threatened and endangered lists of Iowa and Illinois.  Additionally, invasive round goby was captured exclusively during the first time period and these were the first records for that species in the LTRM data base.  Total catch of fishes was decreased by 51% when data from the first time period was omitted, a greater decrease than would be expected if catch were distributed equally among the three time periods.  The reduction in catch was over 80% for skipjack herring, a species of interest to UMRS managers because the range of this species in the UMRS was reduced when Lock and Dam 19 was constructed, and the invasive silver carp.
Omission of data from the first time period from 2007 to 2009 reduced species richness in each trend area by an average of four species and produced a false, negative trend in species richness for two trend areas.  This suggests that if first period sampling is dropped (as is the case in Pools 4 and 8), researchers would need to omit data from the first time period for all years when analyzing trends in species richness and possibly certain diversity indices.  As a program, LTRM needs to address the lack of consistency in how major data gaps (i.e., the omission of 1 or 2 time periods of sampling) are dealt with in data analyses.
From 2007 to 2009, the number of species where strong reproductive output was detected varied from eight and nine in the La Grange Reach and Pool 26, to three in the Open River Reach.  In all trend areas but the Open River Reach, at least six instances of strong reproductive output would have been missed or underestimated in each trend area had data from the first time period not been collected.   Exactly which species and years were affected by omission of data from the first time period was not consistent among the trend areas.  Five of the eleven species displayed discrepancies in the detection of strong reproductive output in only one of the four trend areas.  Discrepancies in the detection of strong reproductive output were found for white bass and gizzard shad in three of the four trend areas, whereas none of the eleven species had discrepancies in all four trend areas.  Only channel catfish and bluegill showed no instances where strong reproductive output would have been missed if data from the first time period were not collected.  Eliminating data from the first time period had the most consistent effects for Pool 13, where all four of the species showing strong reproductive output during the study also displayed discrepancies when first period data were omitted.
Omission of the data from first time period had little effect on the groupings of YOY fishes during years with major flooding in Pool 26 and the La Grange Reach.  In Pool 13, omission of data from the first time period changed the grouping of YOY fishes in 2008, a year with moderate flooding.  Omission of data from the first time period had inconsistent effects on other years of moderate flooding.  We note, however, that the specific timing of flooding likely is important when trying to match flood patterns to fish community patterns.  Examining data from each time period separately may be useful in such analyses.  

The total cost associated with collecting first period data is roughly $50,000 per year, an amount less than the average annual funding for a focused research project in the LTRM Additional Program Elements - $72,000 (J. Saurer, USGS Upper Midwest Environmental Sciences Center).  Our justification for reinstating the first period of fish sampling was based primarily on the hypothesis that data from the first period would provide valuable information on the production of YOY fishes.   In terms of the overall objectives of the Long Term Resource Monitoring Program, this information primarily falls in the category of learning about the ecosystem.  Data on YOY production may not be critical for tracking status and trends in fish populations, but such data can be used to gain insight into why a given population’s status is at a given level or why the population is showing a given trend through time.  We believe that the analyses presented within this report support the concept that data from the first time period of fish sampling provide useful information on the production of YOY fishes.  In the context of a decision not to collect fish samples from the first time period, perhaps the most troubling aspect of the findings we present is the overall lack of consistency in the errors in detecting the production of a YOY fishes.  Essentially, if data from the first time period are not collected, we know that our ability to detect strong reproductive output will be reduced, but we don’t know for which specific species in which specific trend area.  Given the relatively modest cost of collecting these data in the four trend areas, and the effects of omission of first period data on species richness, catch, and detection of strong reproductive output illustrated in this study, we support the continued collection of fish samples from the first time period in these trend areas.
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Table 1.  Maximum size limits used to designate fishes as young-of-the-year (YOY).  
	Common Name
	Total Length (mm)

	 Bighead Carp
	< 230

	 Black Crappie
	< 80

	 Bluegill 
	< 61

	 Buffalo (spp.)
	< 150

	 Common Carp
	< 140

	 Channel Catfish
	< 100

	 Freshwater Drum
	< 150

	 Gizzard Shad
	< 120

	 Largemouth Bass
	< 100

	 Silver Carp
	< 200

	 White Bass
	< 150


Table 2.  Number of fishes captured from 2007 to 2009, with and without data from the first time period, summed across the four trend areas: Pool 13, Pool 26, and the Open River Reach of the Mississippi River, and the La Grange Reach of the Illinois River.

	Species
	Common Name
	Num. Captured - all data
	Num. Captured - no first period

	GZSD
	Gizzard shad
	128517
	50472

	SVCP
	Silver carp
	100893
	19457

	ERSN
	Emerald shiner
	53569
	39393

	MMSN
	Mimic shiner
	23759
	16925

	CNCF
	Channel catfish
	19724
	15600

	BLGL
	Bluegill
	19707
	15883

	CARP
	Common carp
	10576
	5253

	MQTF
	Western mosquitofish
	8573
	2343

	WTBS
	White bass
	8074
	4783

	SMBF
	Smallmouth buffalo
	7231
	4066

	FWDM
	Freshwater drum
	7180
	4638

	TFSD
	Threadfin shad
	4736
	1607

	BKCP
	Black crappie
	4532
	3602

	LMBS
	Largemouoth bass
	4512
	2906

	RVSN
	River shiner
	4271
	3473

	OSSF
	Organgespotted sunfish
	4247
	3116

	SNGR
	Shortnose gar
	3094
	2141

	SJHR
	Skipjack herring
	2847
	348

	BKBH
	Black bullhead
	2477
	1529

	CNSN
	Channel shiner
	2330
	1973

	BHMW
	Bullhead minnow
	2306
	1665

	RDSN
	Red shiner
	1681
	1121

	RVCS
	River carpsucker
	1653
	1085

	GNSF
	Green sunfish
	1627
	1097

	SFSN
	Spotfin shiner
	1521
	777

	WTCP
	White crappie
	1408
	907

	PNSD
	Pumpkinseed
	1241
	1017

	GSCP
	Grass carp
	1100
	412

	YWBS
	Yellow bass
	1012
	906

	BMBF
	Bigmouth buffalo
	925
	765

	FHCF
	Flathead catfish
	924
	531

	STSN
	Spottail shiner
	803
	363

	GDSN
	Golden shiner
	781
	634

	BHCP
	Bighead carp
	768
	346

	BKSS
	Brook silverside
	744
	706

	BLCF
	Blue catfish
	660
	388

	BKBF
	Black buffalo
	630
	507

	SHRH
	Shorthead redhorse
	602
	424

	SGER
	Sauger
	538
	403

	YWPH
	Yellow perch
	435
	281

	WRMH
	Warmouth
	424
	331

	LNGR
	Longnose gar
	397
	242

	BWFN
	Bowfin
	359
	278

	SBSN
	Silverband shiner
	325
	197

	LGPH
	Logperch
	279
	100

	Table 2 Continued
	
	

	RKBS
	Rock bass
	251
	181

	WDSN
	Weed shiner
	232
	225

	SVCB
	Silver chub
	213
	151

	SMBS
	Smallmouth bass
	196
	157

	GDEY
	Goldeye
	186
	109

	SPSK
	Spotted sucker
	139
	105

	MDDR
	Mud darter
	130
	74

	NTPK
	Northern pike
	114
	69

	WLYE
	Walleye
	101
	74

	STGR
	Spotted gar
	98
	78

	TPMT
	Tadpole madtom
	98
	53

	JYDR
	Johnny darter
	90
	29

	WTPH
	White perch
	79
	69

	BNMW
	Bluntnose minnow
	76
	24

	LESF
	Longear sunfish
	69
	50

	SNSN
	Sand shiner
	64
	44

	GDFH
	Goldfish
	63
	53

	RRDR
	River darter
	63
	2

	BNBH
	Brown bullhead
	52
	43

	MNEY
	Mooneye
	52
	11

	QLBK
	Quillback
	46
	29

	SKCB
	Speckled chub
	45
	45

	YLBH
	Yellow bullhead
	42
	33

	BTSN
	Bantam sunfish
	38
	15

	SVMW
	Mississippi silvery minnow
	34
	21

	PGMW
	Pugnose minnow
	32
	19

	FKMT
	Freckled madtom
	31
	17

	GDRH
	Golden redhorse
	31
	24

	STBS
	Spotted bass
	31
	17

	BTTM
	Blackstripe topminnow
	30
	30

	PRPH
	Pirate perch
	26
	11

	BUSK
	Blue sucker
	25
	20

	SHDR
	Slenderhead darter
	24
	6

	HFCS
	Highfin carpsucker
	23
	17

	RESF
	Redear sunfish
	21
	17

	SNSG
	Shovelnose sturgeon
	14
	12

	WTSK
	White sucker
	12
	11

	STCT
	Stonecat
	11
	7

	SVRH
	Silver redhorse
	9
	8

	CKCB
	Creek chub
	8
	6

	SMMW
	Suckermouth minnow
	8
	4

	CLSR
	Central stoneroller
	7
	0

	GSPK
	Grass pickerel
	7
	4

	IDSS
	Inland silverside
	7
	6

	FHMW
	Fathead minnow
	6
	4

	DYDR
	Dusky darter
	5
	0

	WSDR
	Western sand darter
	5
	0

	AMEL
	American eel
	4
	2

	CNLP
	Chestnut lamprey
	4
	4

	Table 2 Continued
	
	

	PDFH
	Paddlefish
	4
	2

	CMMW
	Central mudminnow
	3
	1

	FLER
	Flier
	3
	2

	RDGY
	Round goby
	3
	0

	BSDR
	Blackside darter
	2
	1

	BPTM
	Blackspotted topminnow
	1
	1

	GSDR
	Greenside darter
	1
	0

	NHSK
	Northern hog sucker
	1
	1

	PNMW
	Plains minnow
	1
	0

	SDBS
	Striped bass
	1
	1

	SVLP
	Silver lamprey
	1
	0

	Total
	
	446965
	216990


Table 3.  Fishes that were captured only during the first time period from 2007 to 2009 for each trend area.

	Trend Area
	Code
	Common Name
	Catch

	Pool 13
	SVLP
	Silver lamprey
	1

	Pool 13
	SVMW
	Mississippi silvery minnow
	1

	Pool 13
	WSDR
	Western Sand Darter
	5

	
	
	
	

	Pool 26
	AMEL
	American eel
	1

	Pool 26
	BKBH
	Black bullhead
	17

	Pool 26
	CMMW
	Central mudminnow
	2

	Pool 26
	PNMW
	Plains minnow
	1

	
	
	
	

	Open River
	BKBH
	Black bullhead
	1

	Open River
	CLSR
	Central stoneroller
	1

	Open River
	DYDR
	Dusky darter
	5

	Open River
	GSDR
	Greenside darter
	1

	Open River
	MDDR
	Mud darter
	1

	Open River
	RRDR
	River darter
	1

	Open River
	SMMW
	Suckermouth minnow
	2

	Open River
	TPMT
	Tadpole madtom
	1

	Open River
	WLYE
	Walleye
	1

	
	
	
	

	La Grange
	AMEL
	American eel
	1

	La Grange
	BUSK
	Blue sucker
	2

	La Grange
	CLSR
	Central stoneroller
	6

	La Grange
	RDGY
	Round goby
	3

	La Grange
	SMMW
	Suckermouth minnow
	1


Table 4.  Fishes that were captured only during the first time period from 1994 to 2009 for each trend area.

	Trend Area
	Code
	Common Name
	Catch

	Pool 13
	BKSB
	Brook stickleback
	2

	Pool 13
	GDEY
	Goldeye
	1

	Pool 13
	SRBD
	Southern redbelly dace
	2

	Pool 13
	WSDR
	Western Sand Darter
	5

	
	
	
	

	Pool 26
	CLSR
	Central stoneroller
	14

	Pool 26
	CMMW
	Central mudminnow
	2

	Pool 26
	FHMW
	Fathead minnow
	2

	Pool 26
	GSPK
	Grass pickerell
	2

	Pool 26
	PNMW
	Plains minnow
	1

	
	
	
	

	Open River
	BDSN
	Bleeding shiner
	1

	Open River
	BSDR
	Blackside darter
	5

	Open River
	FHMW
	Fathead minnow
	1

	Open River
	GDSN
	Golden shiner
	2

	Open River
	GSDR
	Greenside darter
	2

	Open River
	JYDR
	Johnny darter
	11

	Open River
	RVCB
	River chub
	1

	Open River
	SMMW
	Suckermouth minnow
	2

	Open River
	SPSN
	Striped shiner
	1

	Open River
	TTPH
	Trout perch
	1

	
	
	
	

	La Grange
	RDGY
	Round goby
	3

	La Grange
	RKBS
	Rock bass
	2

	La Grange
	SMMW
	Suckermouth minnow
	5

	La Grange
	YWPH
	Yellow perch
	1


Table 5.  Results from comparisons of mean CPUE of YOY fishes from the four trend areas.  NSR indicates ‘no strong reproductive output.  An X indicates that a discrepancy exists in the estimation of reproductive output when data from the first time period of fish sampling are omitted. 
	
	Pool 13
	Pool 26
	Open River
	La Grange

	Species
	2007
	2008
	2009
	2007
	2008
	2009
	2007
	2008
	2009
	2007
	2008
	2009

	Bighead Carp
	NSR
	NSR
	NSR
	NSR
	NSR
	NSR
	NSR
	NSR
	NSR
	
	X
	

	Black Crappie
	NSR
	NSR
	NSR
	
	
	
	
	
	
	X
	
	

	Bluegill 
	NSR
	NSR
	NSR
	
	
	
	
	
	
	
	
	

	Buffalo (spp.)
	
	X
	
	
	
	
	NSR
	NSR
	NSR
	NSR
	NSR
	NSR

	Common Carp
	NSR
	NSR
	NSR
	X
	X
	X
	NSR
	NSR
	NSR
	NSR
	NSR
	NSR

	Channel Catfish
	NSR
	NSR
	NSR
	
	
	
	NSR
	NSR
	NSR
	
	
	

	Freshwater Drum
	NSR
	NSR
	NSR
	NSR
	NSR
	NSR
	NSR
	NSR
	NSR
	NSR
	NSR
	NSR

	Gizzard Shad
	X
	
	
	X
	
	
	NSR
	NSR
	NSR
	X
	
	

	Largemouth Bass
	X
	
	
	
	
	
	NSR
	NSR
	NSR
	X
	
	

	Silver Carp
	NSR
	NSR
	NSR
	
	
	
	
	
	
	
	
	X

	White Bass
	X
	X
	X
	X
	
	X
	NSR
	NSR
	NSR
	X
	
	X


Figure 1.  Map of the four LTRM trend areas of the Upper Mississippi River System used in this study:  Pool 13, Pool 26, Open River Reach, and La Grange Reach.

[image: image1]
Figure 2.  Species richness from 1994 to 2009 for each trend area.  Black circles indicate richness calculated for all three time periods (3 periods) and open circles indicate species richness calculated without data from the first time period (No 1st Period).  Straight lines show significant negative regressions in Pool 26 and the Open River Reach when data from the first time period are omitted from 2007 to 2009.

[image: image2.emf]Open River


1994


1996


1998


2000


2002


2004


2006


2008


Species Richness


0


20


40


60


80


Pool 26


Pool 13


Species Richness


0


20


40


60


80


3 Periods


No 1st Period


La Grange


1994


1996


1998


2000


2002


2004


2006


2008




Open River

19941996199820002002200420062008

Species Richness

0

20

40

60

80

Pool 26 Pool 13

Species Richness

0

20

40

60

80

3 Periods

No 1st Period

La Grange

19941996199820002002200420062008


Figure 3.  Mean CPUE (± 1 standard error) for young-of-the-year buffalo (Ictiobus spp.) and largemouth bass from day electrofishing, gizzard shad and white bass from mini-fyke nets, captured in Pool 13 of the Mississippi River from 1994 to 2009.  Black circles indicate means calculated for all three time period (3 periods), and open circles indicate means calculated without the first time period (No 1st Period).  
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Figure 4.  Mean CPUE (± 1 standard error) of young-of-the-year black crappie, bluegill, common carp, gizzard shad, and white bass captured in mini-fyke nets from Pool 26 of the Mississippi River from 1994 to 2009.  Black circles indicate means calculated for all three time period (3 periods), and open circles indicate means calculated without the first time period (No 1st Period).  
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Figure 5.  Mean CPUE (± 1 standard error) of young-of-the-year buffalo (Ictiobus spp.), channel catfish, largemouth bass, and silver carp captured by day electrofishing in Pool 26 of the Mississippi River from 1994 to 2009.  Black circles indicate means calculated for all three time period (3 periods), and open circles indicate means calculated without the first time period (No 1st Period).  
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Figure 6.  Mean CPUE (± 1 standard error) for young-of-the-year black crappie, bluegill, and white crappie from mini-fyke nets, and silver carp from day electrofishing, captured in the Open River Reach of the Mississippi River from 1994 to 2009.  Black circles indicate means calculated for all three time period (3 periods), and open circles indicate means calculated without the first time period (No 1st Period).  
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Figure 7.  Mean CPUE (± 1 standard error) of young-of-the-year bighead carp, black crappie, bluegill, white bass, and gizzard shad captured in mini-fyke nets from the La Grange Reach of the Illinois River from 1994 to 2009.  Black circles indicate means calculated for all three time period (3 periods), and open circles indicate means calculated without the first time period (No 1st Period).  
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Figure 8.  Mean CPUE (± 1 standard error) of young-of-the-year channel catfish , largemouth bass, and silver carp captured by day electrofishing from the La Grange Reach of the Illinois River from 1994 to 2009.  Black circles indicate means calculated for all three time period (3 periods), and open circles indicate means calculated without the first time period (No 1st Period).  
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Figure 9.  Hydrographs from 2007 to 2009 for Pool 13 of the Mississippi River.  Plotted is the stage height (ft) for the tailwaters of L&D 12 in Bellevue, Iowa.  Dotted red line indicates the flood stage for this location.  Periods 1, 2, and 3, refer to the three LTRM fish component time periods.
[image: image9.emf]Mississippi River Gage - L&D 12 Tailwater (Bellevue, IA)
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Figure 10.  Multidimensional scaling plots of annual abuandance of YOY fishes in Pool 13 of the Mississippi River.  The upper plot includes all available data.  The lower plot omits data from the first time period for the years 2007 to 2009.
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Figure 11.  Hydrographs from 2007 to 2009 for Pool 26 of the Mississippi River.  Plotted is the stage height (ft) for Grafton, Illinois.  Dotted red line indicates the flood stage for this location.  Periods 1, 2, and 3, refer to the three LTRM fish component time periods.
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Figure 12.  Multidimensional scaling plots of annual abuandance of YOY fishes in Pool 26 of the Mississippi River.  The upper plot includes all available data.  The lower plot omits data from the first time period for the years 2007 to 2009.
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Figure 13.  Hydrographs from 2007 to 2009 for Open River Reach of the Mississippi River.  Plotted is the stage height (ft) for Cape Girardeau, Missouri.  Dotted red line indicates the flood stage for this location.  Periods 1, 2, and 3, refer to the three LTRM fish component time periods.
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Figure 14.  Multidimensional scaling plots of annual abuandance of YOY fishes in the Open River Reach of the Mississippi River.  The upper plot includes all available data.  The lower plot omits data from the first time period for the years 2007 to 2009.
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Figure 15.  Hydrographs from 2007 to 2009 for La Grange Reach of the Illinosi River.  Plotted is the stage height (ft) for Havana, Illinois.  Dotted red line indicates the flood stage for this location.  Periods 1, 2, and 3, refer to the three LTRM fish component time periods.
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 Figure 16.  Multidimensional scaling plots of annual abuandance of YOY fishes in the La Grange Reach of the Illinois River.  The upper plot includes all available data.  The lower plot omits data from the first time period for the years 2007 to 2009.
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(red line = 65% similarity)

1994

1995

1996

1997

1998

1999

2000

2001

2002

2004

2005

2006

2007

2008

2009

2D Stress: 0.11

[image: image18.emf]Pool 26 - No 1st Period 2007 - 2009

(red line = 65% similarity)
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(red line = 60% similarity)
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[image: image21.emf]Open River - No 1st Period 2007 - 2009

(red line = 65% similarity)
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[image: image22.emf]La Grange - No 1st Period 2007 - 2009

(red line = 70% similarity)
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