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The Trout Team was tasked with a trout stream monitoring assignment as outlined in the following five charges:
1. Develop specific quantitative management objectives for WI trout streams. Given the large number of trout streams, we expect these objectives will be by stream type, classification, region, or some other appropriate similar stratification. Also in selecting metrics for objectives choose those that can be periodically evaluated using standard Tier 1 or Tier 2 sampling designs that you will be developing below. 

2. Review the specific quantitative criteria for formally designating Class I, II or III trout waters described in Wis. Admin. Code  Chapter NR 1.02(7) and provide any additional specificity necessary to allow unambiguous designations.

3. Develop a Tier 1 sampling design for a stratum that includes all cold water streams as identified by the pending Lyons streams model that will yield a candidate list of trout waters for classification or further evaluation using criteria developed in #2 above.

4. Assuming that fully surveying a candidate coldwater stream for trout stream classification will require at least a one time more intensive survey of the stream, develop a Tier 2 sampling design for classifying candidate waters identified under #3 and using criteria under #2.

5. Assuming that once a water is classified as a trout water and will be managed using regulation changes, stocking, and trout habitat improvement projects, develop a Tier 1 sampling design to be applied to a stratum which includes all classified trout waters that generates the minimum data necessary over a reasonable time frame to:

a. evaluate whether a stream is meeting its management objectives under #1,

b. determine whether an angling regulation is working,

c. determine whether stocking is needed or working, 

d. determine whether trout habitat projects are needed or working.

This design should contain “trigger” or “action” levels which link the required management action to the management objectives and take into account natural population and sampling variability.

Members of the Trout Team worked together to develop responses to these charges, which are outlined below. These responses capture the sentiment of the Trout Team regarding each charge. Where agreement or conclusions have not yet been reached, our responses reflect the differing concerns or opinions and work completed to date in meeting the charges of the assignment.  The species team leaders coordinated our approach as detailed by Fayram in a general document.
1. Develop specific quantitative management objectives for WI trout streams. Given the large number of trout streams, we expect these objectives will be by stream type, classification, region, or some other appropriate similar stratification. Also in selecting metrics for objectives choose those that can be periodically evaluated using standard Tier 1 or Tier 2 sampling designs that you will be developing below.

The Trout Team developed a response to this assignment in two ways: (1) trout stream segments were stratified using predictive and response variables for data collected from trout streams and entered in the Fish Management Database, and (2) trout stream segments were stratified using predictive data only for data compiled for all stream segments in Wisconsin in which brook or brown trout were predicted to occur by the Lyons fish model.

Stratification using predictive and response data
Data were extracted from the Fish Management Database. The Fish Management Database contains all fish surveys conducted in Wisconsin waters from 2001 to the present and many surveys before 2001. All stream surveys used in the following analyses had a status of proofed and complete. We only included surveys where brook trout or brown trout were found and only for electrofishing gears. All surveys were used for catch per effort (CPE) calculations. For calculating proportional stock density (PSD), stock size CPE and quality size CPE, we only included surveys with at least 16 brook trout or brown trout greater or equal to stock size (Miranda 1993). Stock size for brook trout was 5 inches and for brown trout was 6 inches and quality size for brook trout was 8 inches and for brown trout 9 inches (Anderson and Neuman 1996). 
We used GIS to join the fish data to the stratification variables. We only used sites that had been snapped to the 24,000 K hydrolayer in the Surface Water Integrated Monitoring System (SWIMS). These survey site locations are displayed in Figure 1. Omernik’s Level 3 ecoregions, Wisconsin Department of Natural Resources regions, perennial stream order (Strahler 1957), and trout classification were joined to the survey data using the 24,000 K hydrolayer. Gradient (m/K) (Brenden et al. 2006) and temperature (°C) (Stewart et al., in press) were joined from a model using the 100,000 K hydrolayer.  An obvious lack of survey sites relative to trout streams occurs in the NER and western portion of the NOR. 
Figure 1. Map of the state of Wisconsin, trout streams of stream orders 2 through 5, and station locations are overlaid.
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The metrics used to establish the stratification system will include measures of density (catch per mile (CPE), catch per mile of stock size fish, catch per mile of quality size fish and population estimates (PE)) and length frequency (proportional stock density (PSD)). The suggested stratification system is equally weighted for each species/metric of interest combination so that variance of each species/parameter combination will be reduced as much as possible while avoiding the complexity and confusion that would result for a different classification system for each species or each species/metric combination. The Trout Team chose six variables to construct the trout stream stratification system based on factors that have been demonstrated to affect biological communities and fish populations in trout streams. The variables chosen for consideration were (1) Wisconsin Department of Natural Resources trout stream classification, (2) Stream order (Strahler 1957), (3) Gradient (Brendan et al. 2006), (4) Temperature (Stewart et al., in press), (5) Omernik’s Level 3 Ecoregion, and (6) Wisconsin Department of Natural Resources region. Other variables such as flow, alkalinity, mean stream width, percent fine sediment, and width-to-depth ratio were considered for analysis. They were removed due to small sample size and because we do not have these measurements for all streams, which would make it difficult to implement the stratification state-wide. Stream order was used as a substitute for mean stream width, although the Trout Team believes width would be a better measure of stream size.

We used a classification tree analysis to determine where the significant splits were for the continuous variables temperature and gradient. This was necessary to produce distinctive groups for classification.  Table 1 describes the results from the analysis.  This confirms the intuitive result that temperature is more important brook trout.
Table 1. The significant (α = 0.05) splits from the classification tree analysis. A dash indicates that there were no significant splits. 
[image: image2.emf]PSD CPE Stock size CPE Quality size CPE PE

Brook trout Temperature 18.91 15.71 16.04 - 18.63

19.48 16.23 16.19 - 18.71

Gradient - - - - 6.38

Brown trout

Temperature - - - - 18.92

Gradient 2.50 - 0.05 0.05 1.59

3.05

4.11

Fisheries variable

Stratification variable Species


We then selected overall splits for all fisheries variables by species. For example, we split the brook trout sample into three temperature groups (<16°C, between 16°C and 19°C and >=19°C).  The results of the decided splits are shown in Table 2.
Table 2. List of stratification variables and the groups in each strata by species. 
[image: image3.emf]Stratification variable Species Groups

Ecoregion Brook trout and brown trout

Driftless Region

N Lakes&Forests

NCntrl Hardwood

SE WI Till Plain

Region Brook trout and brown trout Northeast Region

Northern Region

South Central Region

Southeast Region

West Central Region

Trout classification Brook trout and brown trout 1 - natural reproduction

2 - some natural reproduction, stocking is required to 

maintain a desirable sport fishery

3 - marginal trout habitat with no natural reproduction 

occurring, stocking is required

Stream order Brook trout and brown trout 1

2

3

4

5

Temperature Brook trout <16°C

>=16°C and <19°C

>=19°C

Brown trout <19°C

>=19°C

Gradient Brook trout <6 m/km

>=6 m/km

Brown trout <0.05 m/km

>=0.05 m/km and <1.6 m/km

>=1.6 m/km and <2.5 m/km

>=2.5 m/km and <3 m/km

>=3 m/km and <4 m/km

>=4 m/km


We used analysis of variance (ANOVA) to determine whether the variables we selected to potentially include in a stratification scheme were significantly related to fisheries metrics of interest (α = 0.10) and whether the variance was significantly reduced. Table 3 demonstrates the ANOVA results. Each of the stratification variables was significantly related to at least four fisheries variables of interest; therefore, we recommend including them all for stratification purposes.  
Table 3. Analysis of variance results. Numbers in bold were considered significant.  
[image: image4.emf]Species Metric Region Ecoregion Trout class Temperature Gradient Stream order

Brook trout Proportional stock density

0.0020 0.0540

0.4280

0.0070

0.5730

0.0000

Catch per mile (CPE)

0.0020 0.0870 0.0000 0.0110 0.0850 0.0000

Stock length (5 inches) CPE 0.2440 0.4150

0.0000

0.1070 0.7990

0.0220

Quality length (8 inches) CPE 0.5820

0.0070 0.0010

0.1850 0.6490 0.5740

Population estimate 0.9630 0.9000

0.0690

0.9720

0.0380

0.8650

Brown trout Proportional stock density 0.140 0.394 0.217 0.796

0.002 0.002

Catch per mile (CPE)

0.000 0.029 0.000 0.024 0.004 0.005

Stock length (6 inches) CPE

0.000

0.286

0.000 0.004 0.000 0.000

Quality length (9 inches) CPE

0.000

0.286

0.000 0.002 0.000 0.000

Population estimate

0.013 0.026 0.033 0.001 0.081 0.052


It may be possible to reduce the number of stratification variables we use. This may become necessary when we begin to understand all the possible groupings and which streams fall into which categories. Using the current dataset, we have a total number of 186 possible groupings for brook trout and 219 possible groupings for brown trout. This is just an estimate of total number of possible groups, because we do not know the possible groupings statewide yet.
As an alternative to the above, we decided to reduce the number of strata to simplify the number of groups and have the number make more sense for the budgets and personnel we have available.  In order to reduce the number of strata, we decided to remove Ecoregion as a stratum based on Table 8 (updated Table 3).  We then reduced the number of tree splits by taking the mean of the first significant split and creating two categories instead of more than two.   We also decided, based on the Least Mean Squares plots from the original ANOVA, to combine stream order into two groups (orders 1, 2, and 3 in one group and orders 4 and 5 in another group). Table 11 is an updated version of Table 2.

Table 11 (updated Table 2). List of stratification variables and the groups in each strata by species
[image: image5.emf]Stratification variable Species Groups

Region Brook trout and brown trout Northeast Region

Northern Region

South Central Region

Southeast Region

West Central Region

Trout classification Brook trout and brown trout 1 - natural reproduction

2 - some natural reproduction, 

stocking is required to maintain 

a desirable sport fishery

3 - marginal trout habitat with 

no natural reproduction 

occurring, stocking is required

Stream order Brook trout and brown trout 1, 2 and 3

4 and 5

Temperature Brook trout <17.5°C

>=17.5°C

Brown trout <19°C

>=19°C

Gradient Brook trout <6 m/km

>=6 m/km

Brown trout <1.0 m/km

>=1.0 m/km


 We then ran the ANOVAs and the subsequent Bonferroni adjustment again based on the above stratification variables.  Table 12 is the updated version of Tables 3 and 8.

Table 12.  Analysis of variance results. Numbers in bold were considered significant.
[image: image6.emf]Species Metric Region Trout class Temperature Gradient Stream order

Brook trout Proportional stock density

0.000

0.044 0.105 0.095

0.000

Catch per mile (CPE)

0.000 0.000 0.000

0.121

0.001

Stock length (5 inches) CPE

0.020 0.000 0.003

0.336 0.092

Quality length (8 inches) CPE

0.018 0.001

0.374 0.051 0.077

Population estimate 0.607

0.015

0.389 0.026 0.714

Brown trout Proportional stock density

0.001

0.202 0.390 0.955

0.000

Catch per mile (CPE)

0.001 0.000 0.003

0.096

0.000

Stock length (6 inches) CPE

0.005 0.000 0.001 0.006 0.017

Quality length (9 inches) CPE

0.006 0.000 0.000 0.001 0.001

Population estimate

0.011 0.013

0.083 0.830 0.543


We may be able to further reduce the number of strata by removing gradient since gradient is significantly related to only two of the fisheries variables (Table 12).  If the Trout Team decides to remove gradient, the number of strata will be significantly reduced (5 Regions, 3 Trout Classes, 2 Temperature Categories, and 2 Stream Order Categories).  This would be a maximum of 12 strata per region.
Management objectives are based on the distribution of each metric in each stream group and were determined based on quartiles. We began with the most significant stratification variable and continued until sample sizes made the description of a range of values suspect. In cases where the number of samples was less than 10 for a particular species/metric/group, the range of expected values is listed as the overall mean. Table 5 outlines recommended quantitative management objectives by species, fisheries variable, and available stratification variables.
Quantitative management objectives provide ranges of fisheries variables and a means of comparing quantitative stream survey measurements. These ranges can be used to determine whether or not a particular stream is of high or low quality based on these fisheries variables. The management objectives will be updated as we gather more data by strata.

Table 5.  Quantitative management objectives, or ranges of fisheries variables of interest by species and stratification variables.  Bold values are mean values by stratification variable.
[image: image7.emf]Species Fisheries variable Stratification variable Stratification level N Minimum 25% 50% 75% Maximum

Brook trout Proportional stock density Stream order 1 14 0 5 9 14 17

2 50 0 6 19 47 94

3 121 0 11 19 33 100

4 71 0 19 36 60 100

5 424 0 9 19 39 100

Catch per mile (CPE) Trout class 1 155 0 129 412 1360 7648

2 297 2 40 129 429 2848

3 44 0 12 30 88 1725

Stock length CPE Trout class 1 93 29 280 420 861 2654

2 108 26 122 211 353 1032

3 424 20 157 301 527 2654

Quality length CPE Trout class 1 93 0 31 71 142 651

2 108 0 30 61 115 577

3 424 0 24 58 118

1136

Population estimate Gradient <6 m/km 34 64 365 700 1478 2055

>=6 m/km

63 41 391 708 1131 4063

Species Fisheries variable Stratification variable Stratification level N Minimum 25% 50% 75% Maximum

Brown trout Proportional stock density Stream order 1 15 4 11 27 40 82

2 24 0 27 39 47 82

3 121 0 30 42 55 98

4 163 4 40 55 72 100

5 46 18 44 55 69 100

Catch per mile (CPE) Trout class 1 147 4 149 826 1456 8533

2 284 1 61 238 617 7365

3 45 2 13 61 107 563

Stock length CPE Trout class 1 100 50 247 385 757 6335

2 156 60 185 321 561 4325

3 521 13 165 290 557 6335

Quality length CPE Trout class 1 100 0 125 211 393 2628

2 156 7 81 149 271 2208

3 9 20 37 73 135 547

Population estimate Temperature <19 °C 28 70 310 616 884 2459

>=19 °C 14 23 432 820 3906 5428



The trend of these fisheries variables within a stratification makes intuitive sense.  For example, CPE increases as trout class goes from 3 to 2 to 1, as one would expect.
Sampling methods and measured fisheries parameters may have biases associated with them, and fish populations themselves vary over time. One measure of variation that is often used is the coefficient of variation (i.e., standard deviation divided by the mean). Table 6 shows the coefficients of variation of parameters of interest for fisheries management by species. These coefficients of variation explain temporal variance (variance of the same site sampled more than one time) and also include the variance associated with sampling itself. For example, a coefficient of variation of 50% for brown trout CPE means that we need a greater than 50% change in brown trout CPE due to a management action before we can detect a change that may be attributable to that management action. This is because any change less than 50% is within the normal background variation. Ideally the coefficients of variation would be calculated based on temporal variation within each stratum instead of overall temporal variance. Due to insufficient sample sizes, we are not able to calculate those now. However, coefficients of variation will be recalculated and adjusted as we work our way through the sampling plan.
Table 6.  Coefficients of temporal variation of fisheries parameters of interest.  
[image: image8.emf]Species Variable

Coefficient 

of variation

Brook trout Proportional stock density 47%

Catch per mile (CPE) 60%

Stock length (5 inches) CPE 41%

Quality length (8 inches) CPE 45%

Population estimate 33%

Brown trout Proportional stock density 29%

Catch per mile (CPE) 50%

Stock length (6 inches) CPE 40%

Quality length (9 inches) CPE 43%

Population estimate 47%


Within each stratum, inherent temporal variation was determined for each metric in order to calculate sampling intensity necessary to detect a change of a given magnitude. Resolution of these recommendations depended on available data. Values should be viewed as liberal (i.e., the values stated are probably slightly higher than true values) because we included data from all streams regardless of management history. Inclusion of differential management actions over time would act to increase variance estimates although since the vast majority of the data included was collected in the last decade, we feel that the artificial inflation of these values is modest. Temporal variance in fisheries variables of interest provides a framework for establishing reasonable management goals by species and parameter. Estimated sample sizes are the number of stream/year combinations that need to be sampled to detect a 50% change (or a change equal to the estimate of coefficient of variation of the variable if it is greater than 50% with α = 0.10 and β = 0.20) given the reduction in variability acquired by grouping streams by stratification variables mentioned previously. This number does not include the number of sites needed to sample in each stream. Sample sizes may also be adjusted once we adjust the coefficient of variation and percent change by using the temporal variance within strata and not the overall temporal variance. Sample size estimates are summarized in Table 7.

Table 7.  Sample size estimates. 
[image: image9.emf]Species Fisheries variable

Sample 

size

Percent 

change

Brook trout Proportional stock density 133 50%

Catch per mile (CPE) 59 60%

Stock length (5 inches) CPE 30 50%

Quality length (8 inches) CPE 57 50%

Population estimate 76 50%

Brown trout Proportional stock density 46 50%

Catch per mile (CPE) 128 50%

Stock length (6 inches) CPE 48 50%

Quality length (9 inches) CPE 48 50%

Population estimate 22 50%


It may not be possible to detect biological meaningful changes for each variable because of required sample sizes. We will determine sampling frequency once we settle on a stratification scheme and have a better understanding of workload and budgets.  Several variables, if we use the strata listed in this document, require only 20 to 50 samples to detect changes. Therefore, we may choose 30 samples for a possible sampling plan. For example, the number of streams to be sampled each year, for streams being managed as groups (as outlined by the stratification variables) could be 5 streams/year * 6 years = 30 streams or 6 streams/year * 5 years = 30 streams or 2 streams/year * 15 years = 30 streams, etc. in order to have a chance to detect biologically meaningful changes in a reasonable time period. Other streams that are considered “high profile” and therefore merit individual management should be sampled annually (see discussion of temporal trend reference sites under assignment charge #5).

Figures 2 and 3 are maps of Wisconsin, each with three potential stratification variables. These maps can be used to begin to see where streams of certain strata exist in the state and how work load may be distributed. These groups would be further split by order or trout class, temperature, and gradient.
Figure 2. Map of Wisconsin, Omernik’s Level 3 ecoregion, Wisconsin Department of Natural Resources region, Strahler’s (1957) stream order, trout streams.
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Figure 3. Map of Wisconsin, Omernik’s Level 3 ecoregion, Wisconsin Department of Natural Resources region, Wisconsin DNR trout classifications, trout streams.
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Our current analysis contains different stratification schemes for the two trout species. This might be ideal, but may not be possible when it comes to implementation. We may be able to use the Lyon’s stream model to determine which streams have brook trout, brown trout or both species and create a stratification of streams based on species.  If not, we will need to find the most appropriate way to combine stratification schemes for both species.
Once we decide on the stratification variables, we can use the Bonferroni adjustment on the ANOVA results to possibly remove some of the strata.  If we decide to use the strata in this document, by applying the Bonferroni adjustment, Table 3 would be updated to this version (Table 8).
Table 8. Updated version of Table 3.
[image: image12.emf]Species Metric Region Ecoregion Trout class Temperature Gradient Stream order

Brook trout Proportional stock density

0.0020

0.0540 0.4280

0.0070

0.5730

0.0000

Catch per mile (CPE)

0.0020

0.0870

0.0000 0.0110

0.0850

0.0000

Stock length (5 inches) CPE 0.2440 0.4150

0.0000

0.1070 0.7990 0.0220

Quality length (8 inches) CPE 0.5820

0.0070 0.0010

0.1850 0.6490 0.5740

Population estimate 0.9630 0.9000 0.0690 0.9720 0.0380 0.8650

Brown trout Proportional stock density 0.140 0.394 0.217 0.796

0.002 0.002

Catch per mile (CPE)

0.000

0.029

0.000

0.024

0.004 0.005

Stock length (6 inches) CPE

0.000

0.286

0.000 0.004 0.000 0.000

Quality length (9 inches) CPE

0.000

0.286

0.000 0.002 0.000 0.000

Population estimate

0.013

0.026 0.033

0.001

0.081 0.052


If we use this adjustment, ecoregion is only significantly related to one metric, and is an obvious candidate to be removed.  Intuitively it is also closely duplicates the geographic component represented by region.
Stratification using predictive data only
An alternative approach to the state-wide stratification of stream segments is to perform a cluster analysis on a set of variables that describe stream segments and the watershed in which they are located. This analysis will partition stream segments into like groups based on the predictor variables. Response data (e.g., CPE) are not considered in such an analysis. The data set used for this analysis was obtained from John Lyons (SS/RC) and was originally compiled for use in developing a fish model for predicting fish presence/absence, catch per effort, and biomass for all stream segments in Wisconsin (35,727 stream segments). There are 190 variables included in this data set, including those that describe land use, geology, stream channel characteristics, ground water input, stream flow, and stream temperature, among others. The data set was reduced to 13,399 stream segments corresponding to those stream segments predicted by the fish model to have brook or brown trout present.

We proposed to use k-means for partitioning the stream segments into like groups. Partitioning will be performed for stream segments with brook trout only (5,987), brown trout only (4,907), and both brook and brown trout (2,505). Many of the 190 variables are highly correlated, so we attempted to reduce the number of variables by dropping highly correlated variables ( ( r ( > 0.75). This procedure resulted in a data set with 86 variables. However, some variables found to be important predictors of brook trout presence in the fish model were dropped, and many of the variables kept may not be particularly useful for partitioning trout streams. Alternative methods of variable reduction will be considered. 

Preliminary analyses of k-means clustering using selected reduced sets of variables (e.g., 5-20 variables) suggests that brook trout stream segments may ultimately be partitioned into less than 10 groups. Further analyses will need to be done to determine the best groupings of stream segments for brook trout streams, brown trout streams, and streams with both brook and brown trout. Preliminary stratification of stream segments into ecoregions prior to partitioning using k-means clustering may also be considered. Finally, identified groups of like stream segments (for either the approach using predictive and response data or predictive data only) will be “ground truthed” by evaluating whether or not the groups make sense based on any available fish or environmental data and expert opinion by regional fish managers.
2.  Review the specific quantitative criteria for formally designating Class I, II or III trout waters described in Wis. Admin. Code  Chapter NR 1.02(7) and provide any additional specificity necessary to allow unambiguous designations.

The formal designation of Class I, II, or III trout waters as described in Wisconsin Administrative Code is used by the state to afford different levels of protection to trout waters. The DNR also uses these designations for trout management purposes, including whether or not to stock a stream with trout or to restore stream habitat. The public uses this information for quality of the fishery and where to fish.  Therefore, the purpose of the classification system would determine the best approach.  The Trout Team has decided that a modification to how streams are classified is necessary if the goal is to have quantitative criteria and unambiguous designations. However, the Trout Team is not recommending changes to the administrative code at this time because of the potential impacts to protection programs and the potential political problems with legislative review.

Quantitative criteria for trout stream classification

Trout stream classification under current Administrative Code is based on criteria such as recruitment, survival, and utilization of available habitat (i.e., carrying capacity). Ambiguities in this classification scheme, and hence decisions based on professional judgment, may arise because of the inclusion of modifiers such as “good,” “some,” “sufficient,” and “desirable.” Following are additional specificities that may help avoid unambiguous designations:

a. Class I trout streams are “high quality trout waters.” High quality trout waters will have evidence of natural reproduction and year-to-year survival of trout. All age classes may be represented in the population (up to the maximum age attainable for a trout species in a particular geographic area). However, high exploitation levels may limit recruitment into older age classes. Therefore, age distribution may not be a sufficient determiner of a high quality population. Trout condition, as determined using length and weight measurements for the calculation of relative weight, may indicate the quality of fish in a population. Relative weight is calculated using the weight of an individual trout and a length-specific standard weight obtained from a length-weight regression model that represents a species. Relative weight values around 100 describe fish in what is considered “good” condition. Values much less than 100 may indicate problems with food availability or feeding conditions; values much greater than 100 may indicate a surplus of food. 

b. Class I trout streams “have sufficient natural reproduction to sustain populations of wild trout at or near carry capacity.” Data necessary to determine if there is sufficient reproduction to sustain a population at or near carrying capacity include presence of young-of-year trout, an estimate of population abundance (or catch-per-effort data that serves as an index of abundance), and an estimate of carrying capacity. Carrying capacity is defined as the population level beyond which unspecified density-dependent factors tend to result in a negative population growth rate. Carrying capacity is not the maximum possible population size. 

Quantifying the carrying capacity of a population is difficult. One approach is to calculate the long-term mean density of an unexploited population. Another approach is to determine whether or not a population has exhibited density dependence and at what population level density dependence has occurred. There are a number of ways to analyze density dependence, including analysis of time series of abundance data, analyzing demographic parameters such as fecundity or survival as a function of density, and analyzing stock-recruitment relations. Combining data from multiple streams in a given stratum may provide an adequate amount of data to begin some of these analyses (as opposed to waiting for long-term data collection to be completed). 


Here is an example of how stock-recruitment data may be analyzed to explore carrying capacity. The stock-recruitment curve for resident stream salmonid populations may take the form of an inverted hockey stick: beginning at a low stock level, recruitment increases sharply for small increases in stock size, and at some stock level recruitment flattens and does not increase for further increases in stock size. Stock size should be measured as the reproductive capacity of the population (e.g., the proportion of the population that is female and the average fecundity). Available data may not adequately describe the ascending portion of the stock-recruitment curve, but the data may adequately describe the flat portion of the curve; the flat portion of the curve can be divided into quartiles, for example, and where a sampled population falls into the quartiles may give some indication of how well recruitment is sustaining the population at or near carrying capacity. A caveat to consider is that a single measure in time of population size may suggest that a population is not near its carrying capacity, but the population may have the ability to attain its carrying capacity. 


Relative weight may also be useful for determining whether or not a population is at or near carrying capacity. Trout that are stunted in size would indicate that reproduction is sufficient to sustain the population near carrying capacity.

c. Class I trout streams “may contain small or slow-growing trout.” These criteria suggest that length by itself and growth may not be useful for designating Class I, II, or III trout waters.

d. Class II trout streams “may have some natural reproduction, but not enough to utilize available food and space” and “have good survival and carryover of adult trout.” These criteria suggest that if some bottleneck in the recruitment process exists for a given stream, a Class II designation is appropriate. “Good survival” needs to be defined. The presence of multiple ages of trout would indicate that trout are surviving from year to year. Trout survival can be quantified and compared to survival in Class I streams, which is presumably “good.” The carrying capacity concept, as described above, is also used in the designation of Class II trout waters. If a Class II stream is not stocked and a recruitment bottleneck exists that severely limits recruitment to adult age classes, then the population level should decrease such that stock size declines to a level where recruitment should be on the ascending portion of a stock-recruitment curve for a particular stratum of like streams.

e. Class III trout waters have no natural reproduction. This designation for a stream is relatively unambiguous. Such streams should have conditions that support the survival of trout during some portion of the year, but not necessarily from year to year.

Modifications to trout stream classification

The suggested modification to the trout stream classification process for trout management purposes is to base classification decisions only on evidence of reproduction or year-to-year survival of trout. The use of reproduction and survival as the sole evidence upon which classification decisions are based has the advantage of removing ambiguities in the form of personal or professional judgment from the decision-making process. Rather, decisions based on evidence of reproduction and survival, are based on unambiguous, quantifiable criteria. Class designations would be made as outlined in Table 9.
Table 9. Modified approach to trout stream classification.

	Class
	Evidence of reproduction
	Evidence of year-to-year survival

	
	
	

	I
	Yes
	Yes

	
	
	

	II
	No
	Yes

	
	
	

	III
	No
	No

	
	
	


Under this revised classification scheme, Class I streams support reproduction and year-to-year survival of trout; young-of-year trout and multiple age classes of trout would be found in such streams. Class II streams support year-to-year survival of trout (multiple age classes present) but no naturally-produced YOY trout are found in such streams; trout populations in Class II streams would be supported by stocking. Class III streams support the presence of stocked trout during parts of the year, but trout do not successfully reproduce or survive from one year to the next in such streams; trout populations in Class III streams would be stocked for put-and-take fishing opportunities. Therefore, stocking would be considered as a management option for trout streams with no evidence of trout reproduction (Class II or III). Habitat restoration would be considered as an option for trout streams that have evidence of year-to-year survival (Class I or II).


Some members of the Trout Team expressed concern that this modified approach to trout stream classification would not classify trout streams based on the quality of the trout fishery. However, it could be argued that the current approach to trout stream classification also does not necessarily classify trout streams based on the quality of the fishery. Under the current classification scheme, there may be Class I first or second order streams with sufficient natural reproduction of trout to sustain populations at or near carrying capacity, but these streams may not provide high quality fisheries because of small population size or small size structure. Some Class II third order streams, however, may be stocked with wild trout that exhibit high growth and year-to-year survival rates and thus provide a high quality fishery. The modified trout stream classification scheme as described above would also not necessarily classify trout streams based on the quality of the fishery or the need for protection, but would alleviate the ambiguities inherent in the current classification scheme and simplify sampling requirements for making unambiguous class designations.


The Trout Team also discussed whether or not the Class III designation should be retained in either the current or modified classification scheme. Currently the Class III designation identifies streams that are stocked with trout for put-and-take trout fishing. However, any body of water can be stocked with trout and will support trout for some minimum time period during the year, so it could be argued that Class III streams can potentially be any stream not designated Class I or II. Therefore, it may not make sense to classify streams that are not Class I or II as trout streams. Streams currently designated Class III trout streams may be more appropriately referred to as non-Class I or II streams stocked with trout for put-and-take fishing.

3.  Develop a Tier 1 sampling design for a stratum that includes all cold water streams as identified by the pending Lyons streams model that will yield a candidate list of trout waters for classification or further evaluation using criteria developed in #2 above.

We will use the fish model to predict fish occurrence (presence or absence), abundance, and standing crop (biomass per unit effort) by species in stream segments throughout Wisconsin. A preliminary version of this model predicted presence or absence of brook trout and brown trout. Model input data included landscape-scale environmental variables available in GIS 100-k data layers and predictions of stream flow and stream temperature. 

The model is a Classification and Regression Tree (CART) model, which hierarchically classifies data into groups based on specific values of predictor variables. CART models can be represented as a dichotomous key, similar for those used for fish identification. A CART model for predicting presence or absence of brook trout is presented in Table 10. CART models for prediction of trout abundance and standing crop are forthcoming (J. Lyons, personal communication).

Table 10. CART model for predicting brook trout presence and absence.
	Brook trout CART model

	
	

	1.
	Mean annual air temperature in upstream watershed ((C) > 7.6 …………..… Absent

	
	Mean annual air temperature in upstream watershed ((C) ( 7.6……………………2

	
	

	2.
	Mean number of days per year water temperature exceeds 19 (C > 62 ………Absent

	
	Mean number of days per year water temperature exceeds 19 (C ( 62 ……………3

	
	

	3.
	% shrub wetland in adjacent riparian area > 17.5 ……………………………..Absent

	
	% shrub wetland in adjacent riparian area ( 17.5 …………………………………..4

	
	

	4.
	90% exceedence flow (low flow; m3/s) for year ( 0.006 ……………………...Absent

	
	90% exceedence flow (low flow; m3/s) for year > 0.006 ……………………..........5

	
	

	5. 
	% open water in upstream riparian areas > 21 …………………………………Absent

	
	% open water in upstream riparian areas ( 21 …………………………………Present

	
	


Model output will be used to develop maps showing, for example, streams stratified as brook trout streams based on predicted presence or absence of brook trout by stream segment across Wisconsin. Ecological valley segments that group stream segments based on similarity of ecological condition will also be delineated. Model input can be adjusted to develop maps estimating pre-settlement reference conditions (i.e., identify restoration potential) and maps projecting future scenarios based on changes in land use or climate.

Streams that are predicted to have trout present but are currently not designated trout waters will constitute a list of streams to be evaluated for classification as Class I, II, or III trout waters or as non-trout waters.

4.  Assuming that fully surveying a candidate coldwater stream for trout stream classification will require at least a one time more intensive survey of the stream, develop a Tier 2 sampling design for classifying candidate waters identified under #3 and using criteria under #2.


We determined that we could use the general Tier 1 sampling design as described under that section.

5.  Assuming that once a water is classified as a trout water and will be managed using regulation changes, stocking, and trout habitat improvement projects, develop a Tier 1 sampling design to be applied to a stratum which includes all classified trout waters that generates the minimum data necessary over a reasonable time frame to:

a. evaluate whether a stream is meeting its management objectives under #1,

b. determine whether an angling regulation is working,

c. determine whether stocking is needed or working, 

d. determine whether trout habitat projects are needed or working.

This design should contain “trigger” or “action” levels which link the required management action to the management objectives and take into account natural population and sampling variability.

We need to determine the appropriate scale for which data collected in a Tier 1 sampling program are to be used for making evaluations or determinations as outlined in 5a-d. We currently manage streams at the level of individual streams. That is, we use data collected from a stream to determine whether or not the trout fishery in that particular stream is meeting management objectives. With the stratification of trout streams into like groups, we can begin to move from management of individual trout streams to management of groups or strata of trout streams. When managing a stratum of trout streams, data from any streams in the stratum can be used to evaluate management objectives in all streams in the stratum as a whole. This difference in scale, from the individual stream to a stratum of streams, directly impacts the form of the Tier 1 sampling design.


The Trout Team discussed the idea of managing individual streams versus groups of streams. There is strong sentiment among trout managers that we are not yet at the stage where we could manage groups versus individual streams, and the case has to be made as to how group management would work before getting managers to buy in. More specifically, the idea of using a stratum approach to monitoring trout streams makes sense (i.e., random sampling of streams within a stratum combined with temporal trend reference sites) but there are questions as to what it means to manage by stratum.


Trout managers expressed concern about the appropriateness of assigning a single management action to all streams in a stratum. For example, if stocking wild trout may benefit a stream, do all streams in that stratum have to be stocked as well? Or do all streams in a stratum have to have the same regulations? On the surface it may make sense to apply the same management actions to all streams in a stratum because the streams in a stratum were determined to be alike based on the stratification procedure. Likewise, if management actions differ from stream to stream, how can we use data from one stream to make inference to another stream in the stratum with a different management regime? 


One interpretation of managing by stratum is to use monitoring data for a stratum to make inferences, followed by management actions, for streams in the stratum. For example, a manager may use data collected for a stratum to make management recommendations for sampled and unsampled streams in the stratum. However, maybe a manager proposes to use two or three different regulations or stocking strategies in the stratum based on data for some of the sampled streams or professional judgment for either sampled or unsampled streams. It can be argued that managing streams in a stratum does not necessarily mean that all streams must be subject to the same management actions. Management success may be determined by using quantifiable management objectives; use of multiple management actions may attain quantifiable improvements in a stratum. Also, if a new regulation is to be evaluated, a control group within the stratum will be necessary to determine if the regulation yields and is responsible for the desired effect.


It should also be noted that similar management actions may be applied to different strata. However, only data collected within a stratum can be used to determine how that management action performed or if it was appropriate for that stratum. 

Temporal trend reference sites

As outlined in the Trout Team Stream Monitoring Assignment, high intrinsic variability in natural populations of stream trout poses a significant challenge to the evaluation of management actions. Changes in trout populations attributable to management actions may be confounded with background variation in natural mortality, along with variation attributable to the sampling process. A strategy to reduce such variability may be to increase sample sizes by sampling more streams or sites within a stratum and managing that stratum as a group, or to sample the same streams or sites over time. We propose the establishment of temporal trend reference sites in which a set of sites or streams representing each strata are sampled on an annual basis. Data from these sites will complement the increased sample sizes attained by managing or monitoring streams grouped in strata and will more effectively address the issue of temporal variation by separating out the spatial from the temporal variation, which are confounded in samples of sites within a stratum where different sites are sampled each year.


Temporal trend reference sites will produce data sets that will be informative about both long-term and short-term trends. As data sets are developed for reference sites, long-term trends will begin to be identified over time. However, short-term or year-to-year trends will be identifiable as successive annual surveys are completed. A utility of short-term trend data will be to provide insight into whether data collected from a new and different subset of streams from a strata exhibit changes—as measured in quantitative criteria—attributable to spatial or temporal variation or management actions. 


There was discussion among the Trout Team as to how temporal trend reference sites should be selected. Cases were made for picking some streams bases on the importance of their fishery or the prior establishment of temporal trend data sets for some streams. The trout team agreed that both high quality and low quality trout streams should be sampled for temporal trend data. Each stratum of trout streams should also be represented by some designated temporal trend reference sites. Unresolved was the extent to which randomization processes should be used in selecting streams as temporal trend reference sites.

Tier 1 sampling design
 
The Trout Team developed a matrix that looked at the metrics needed to sample based on the intended purpose of the survey.  Although many metrics were useful for all survey types, not all evaluations of management actions could be evaluated using a simple survey of the standard metrics.  For example, a thorough design to determine if stocking, habitat improvement, and stocking are working might need to look at angler use and harvest.  An evaluation of habitat work should include detailed measurement of physical habitat and needs to focus on the specific area where habitat work was done.  Habitat work can not possibly be done on all waters in a strata in a limited time frame.
The basic stream sampling design presented by Dave Vetrano was thought to be adequate for a basic minimum guideline, with more detail to be added for specific management evaluations.  The data collection sheets are shown at the end of this report.  The basic design is as follows:

Sampling time of the year: June 15 – Sept. 15 to allow capture of YOY’s
Sampling frequency:
· streams < 3 miles long, a minimum of 2 sites in different habitat types

· streams > 3 miles long, a minimum of 1 site in different habitat types every 3 miles of stream, and a minimum of 3 sites

Site length:

· streams < 3 meters wide, survey 100 meters

· streams > 3 meters wide, survey 35 X mean stream width

Data collection:


Fish

· collect all gamefish, exotic, and T&E species

· estimate relative abundance of other species (present = 0-10, common = 10-100, abundant = 100+
· optional fish data of weight and age

Habitat

· temperature (yearly instream monitor)

· qualitative habitat survey accompanied by narrative description of site by qualified personnel

· optional habitat data of video documentation

The Trout Team agreed that quantitative habitat measurements done under baseline are very time consuming, not an accurate measure because of only measuring on transects, and do not include important seasonal changes.  Several attempts at analysis of habitat measures and fish populations have shown few and weak statistical relationships (Fayram, personal communication).  The Trout Team believes that more research is needed before quantitative measurements are required.  
Next Steps

Except for the sampling protocol, this report represents a very preliminary and untested design of a trout stream monitoring system for fisheries management.  Before implementation the system needs: more input from fisheries biologists, review by outside experts, details of the trout stream strata on the landscape, analysis of budget and personnel limitations on sampling design, decisions relative to managing by entire strata, comparison of longterm trend and/or index sites relative to trends obtained by sampling by strata, and negotiation and integration with baseline monitoring.  If this concept is approved the FM Board, I would recommend about 6 months to work out more details and then a pilot project to test its application and work out any issues that will arise.  A realistic time frame is to have this applied statewide would be the FY 09-11 biennium.
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Trout Stream Sampling Data Sheets:
Department of Natural Resources 
6-2005 STREAM ELECTROFISHING DATA COLLECTION_SHEET Stream:________________________Station:______County:_____________ Date:_________ Time:_________MWBIC:_______

Target Fish:________________
Survey Type:___________Mark Given:__________Water Temp:_______Air Temp:__________
Starting Location:_____________________________________Ending Location:_______________________________________
Lat/Long(Start):___________________/__________________Lat/Long(End):_____________________/___________________
Waypoint Name(Start):________(End):________Tnshp:________Rng:________Sec:________1/16 Sec:______1/4 Sec:_______


Landowner Contact Information:______________________________________________________________________________      

Weather:_____________________________________________Water-Conduct:________Level:_________ Clarity:__________








(AC/DC/Pulsed DC)
                                     (low/normal/high)     (clear/turbid/very turbid)

Gear type:_____________Volts:_____Amps:_____Current Type:_____Dippers(#):________Dipnet Mesh Size:______________
Pulse Rate:_________Duty Cycle:__________Type of Pass:___________________Run #:_______________________________
StartTime:_______EndTime:________Distance Shocked:________Collectors:_________________________________________


[image: image13.emf]Other 

Length  Weight  Length  Weight  Length  Weight  Length  Weight  Species

Species: Species: Species: Species:


Water Temp:________Air Temp:_________Conductivity:_________DO(mg/L):_________pH:________

Ave. Width:_______Ave. Depth:_______Ave. Bank Height:_______Stream Canopy:_______Bank Erosion:________











(dense/partly open/open)
(Heavy/Moderate/Light/None)

Riparian Land Use: (Percent (to 5%) of bank within 5 m of stream edge along transect)

Cropland______Pasture______Barnyard______Developed______Meadow______

Shrubs______Woodland______Wetland______Exposed Rock______Other______

Substrate: (% in station)

Bedrock______Boulder______Cobble______Gravel______Sand______Silt______Clay______Detritus______Other_______

Fish Cover: _____ % in station

Undercut bank______Overhanging Veg.______Woody debris______Boulders______Submerged Macrophytes______

Emergent Macrophytes______Other__________________________________________________________________________

Macroinvertabrates: (Present/Common/Abundant)

Mayfly_____Stonefly_____Caddis_____Diptera_____Beetle_____Crayfish_____Snail_____Gammarus_____

Fingernail clam_____Leech_____Other________________________________________________________________________

Macrophytes: (Present/Common/Abundant)

Ranunculus_____P. crispus_____P. perfoliatus_____Sago_____Lemna sp._____Elodea_____Watercress_____Other________

BASELINE WADABLE STREAMS LIMITING FACTORS

Biological

Physical

Chemical

Human Caused




Diatoms/Peryphyton

Channel Incision

Chlorine


URBAN


AGRICULTURAL

OTHER

Exotics (specify:)

Channelization

Dissolved Oxygen 

Construction Erosion

Bank Erosion (livestock)
Culvert

Filamentous Algae

Fish Migration Barrier
Organic Toxics

Frequent Flood Flows

Barnyard/Feedlot Run-off
Forestry

Iron Precipitate

Hydraulic Scour

pH


Point Source (specify:)
Cropland Erosion

Dams

Macrophytes

Impoundment

Inorganic Toxics

Ponds


Growndwater Withdrawl
Mining

Planktonic Algae

Sedimentation


(specify:)

Urban NPS (specify:)


(Irrigation, etc.)
Other

Slimes


Sludge


Organic Toxics

Roadside Erosion

Manure Storage Run-off

Beaver Dam

Streambank Erosion


(specify:)

Septic System Drainage
Wind Erosion

Low Flow


Thermal


Contaminated Sediment
Other (specify:)

Woodlot Pasturing

Other (specify:)

Turbidity



(specify:)




Other (specify:)




Other (specify:)

Nutrients (specify:)

Comments:




Other (specify:)
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
FLOW

Stream Width:_________
Distance from L. Bank


Depth(ft)

Velocity at 60% of Depth (ft/sec)

1 _____________________________________________________________________________________

2 _____________________________________________________________________________________

3 _____________________________________________________________________________________

4 _____________________________________________________________________________________

5 _____________________________________________________________________________________

6 _____________________________________________________________________________________

7 _____________________________________________________________________________________

8 _____________________________________________________________________________________

9 _____________________________________________________________________________________

10 _____________________________________________________________________________________

NARRATIVE DESCRIPTION OF STATION:

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

STATION PHOTOGRAPHS:

Exposure #

Description

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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