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This standard operating procedure (SOP) gives step-by-step instructions for data analysis for the fish community monitoring at Pipestone National Monument, Minnesota and Tallgrass Prairie National Preserve, Kansas.  This SOP is divided into two sections: Section A, annual data summary and analysis and Section B, long-term trend and species-habitat relationship analysis.  Section A methods consist of 1) determining individual occurrence by fish species, 2) determining fish species diversity, richness and distribution evenness by stream reach and 3) calculating descriptive statistics for habitat variables.  Section B methods consist of 1) examining the relationships between fish species abundance and habitat conditions by way of correlation analysis and 2) consideration of other possible approaches including, but not limited to; data visualization, geostatistics and time-series analysis are reviewed.  Section B will not be fully developed until after several years (> 5 yr.) of data have been collected.
I. Section A – Annual Data Summary and Analysis
Fish Community Data Summaries and Reports

The fish community variables and indices selected for data summary purposes are complete, descriptive, and easily interpretable and will provide resource managers timely feedback to help assess management practices (Pickett et al. 1992).  Mean (± SE) relative abundance of each fish species is calculated annually for each stream reach.  Relative abundance is calculated for each pool prior to estimating stream reach means (± SE).  Also, the likelihood of encountering a species when seining a pool within a stream reach (pools observed in / pools seined) is determined.  Results are plotted from most to least common species within a stream reach on a park.  
Mean (± SE) fish species diversity, richness and distribution evenness are calculated for stream reaches from pool estimates annually.  Fish diversity for each pool in a reach is calculated using Shannon Diversity Index: 
H’ = -((n1/N)ln(n1/N), 
were n1/N is the proportion of the total number of individuals in a population consisting of the ith species (Shannon, 1949).  Species richness is determined as the total number of fish taxa recorded per pool.  Species distribution evenness is calculated by pool using Pielou (J):

J’ = H’ / Hmax , 
were H’ is the Shannon Diversity Index and Hmax is the maximum possible diversity for a given number of species if all species are present in equal numbers ((ln(species richness)).  J’ is a measure of how evenly individuals are distributed within a community when compared to the equal distribution and maximum diversity a community can have (Pielou, 1969).

Annual data summaries and reports for fish observation data should be generated using the front-end within the database called “Shiner1.1”.  When Shiner1.1 is opened, a switchboard form is displayed which includes the heading “National Park Service Inventory and Monitoring – Fish Community Monitoring: Fish Surveys” (see Figure 10.01.1).  Fish observation summaries should be obtained in the following way:

Click on the Data Summaries and Reports button to see the various options for data analysis available. The data summary form is divided into fish community summary reports, Topeka shiner summary reports, and habitat summary reports. Habitat parameters are summarized for each stream reach and also for individual pools within each stream reach (see Figure 10.01.2).
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Figure 10.01.1: Main switch board for database front-end for Fish Community Monitoring with Emphasis on Topeka Shiner (Notropis topeka).
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Figure 8.01.2.  Data Summaries and Reports form for the Fish Community Monitoring database front-end. Options in the upper half of the form provide summaries of fish observation data.  Options in the lower half of the form provide summaries of habitat data.

Fish community summaries and reports -- 

1. The first option is to provide an overview of each survey conducted including starting and ending dates and links to trip reports.  

2. The next option, labeled Rel. Abundance of Fish Species by Pool and by Survey”, lists the actual number of fish and their relative abundance by species at each pool sampled.

3. The third option is labeled mean and SE of Species Abundance per Stream Reach, Likelihood of Encounter.  This report summaries the mean and SE of fish sampled by species (n = number of pools sampled along each stream reach). Likelihood is the chance this species would be observed along this stream reach based on observed data.

4. The last option under Fish Community summaries is the # of individuals observed, species richness, species diversity index (H’) and evenness (J’) statistic for each pool in a stream reach.  

Topeka Shiner Data Summaries and Reports


Annual means, medians and modes of Topeka shiner weights and lengths are calculated for each stream reach.  Also, weights and lengths are assessed for all individuals to identify juveniles from adults (adults >1.0 g weight and 4.0 cm length, Pflieger 1997).  When distinguishable in the field, sex of each individual is determine with numbers of each sex reported by stream reach. 

Density of Topeka shiner may be calculated by first determining the volume of a pool sampled: 

Volume (m3) = length (m) x width (m) x depth (m)

and then divide the volume by the number of individuals taken from that pool.  Density is averaged across a stream reach and reported as individual per meter cubed.

Topeka Shiner Data Summary Reports – The database front-end gives two options for summary reports for Topeka shiner survey data:
1. Topeka Shiner Weights and Lengths – this report summaries for each survey: average weight (g), average length (cm), and total number of individual shiners sampled in each pool.
2. Topeka Shiner Abundance and Density – this report gives the abundance and relative density of Topeka shiners by pool. 
Habitat Data Summaries and Reports

The procedures for documenting habitat characteristics are described in SOP #8.  Data are collected at both the stream reach and pool level. 

Summary Habitat Reports for Stream Reach Level Data – Stream reach locations are used to assure that fish community and habitat data collections are conducted on the relatively same section of a stream each year.  Summary reports for habitat attributes at the reach level are provided for “permanent” and “semi-permanent” features.  For permanent features, the generated report is a listing for drainage basin, stream reach (lower, middle or upper) and UTM coordinates for reach ends.  These values are measured only once and are assigned to a permanent locations table.  Semi-permanent plot features are not expected to change much.  Semi-permanent plot features include the presence or absence of springs and off channel pools within a stream reach, and are recorded each time a survey is conducted.
Summary Habitat Reports for Pool Level Data -- The bulk of habitat data is collected on from one to five pools within a stream reach, generally five pools.  Within each stream reach, the temperature of water, Secchi visibility, dissolved oxygen, conductivity; relative conductivity and pH are recorded for each pool and averaged for the reach.  Ambient air temperature is records at this time and averaged for the stream reach.  Also recorded at each pool is the coverage of various substrate types and substrate stability.  Percent coverage is recorded by cover class with median values from each cover class used to calculate means (± SE).  Dominant riparian corridor vegetation on each bank, in 25-m increment to 100-m and one measure greater than 100-m are recorded for each pool and the most common type for each increment reported for the stream reach.  Length, width and depth of pools are averaged across a stream reach and reported.
  There are six options in the database front-end to generate analysis reports for habitat data, two options describe stream reach level data, and four options describe pool level data:
1. The 1st option under habitat data summaries for stream reach level data provides a listing of permanent features. This listing includes stream reach locationID, drainage basin, and park management unit, where applicable.

2.  The 2nd option, Semi-Permanent Stream Reach Attributes, gives a report of presence/absence of springs and off-pool channels observed at each stream reach. Data are organized by Survey and EventID.
3. The 1st option under habitat data summaries for pool level data is a collection of measured physical and chemical parameters including air temperature, water temperature, water visibility, dissolved oxygen, conductivity, relative conductivity, and pH. These measures are grouped by survey and by pool sequence ID.
4. The 2nd option under habitat data summaries for pool level data is percent substrate type (muck, detritus, silt, sand, pea-gravel, course gravel, cobble, boulder, bedrock, and hardpan/shale).  Percent substrate is averaged across pools and reported for each stream reach. 
5. The 3rd option is Dominant Riparian Vegetation.  Dominant vegetation at varying distances from either bank is grouped into habitat-type categories. Distance classes are 0-25m, >25 – 50 m, >50 – 75 m, >75 – 100m.

6. The 4th and final option under habitat reports for pool level data is length, width and depth of pools, averaged across stream reaches.  
II. Section B – Trend Analysis

Analysis of Variance

If the Shannon index is calculated for a number of similar stream reaches the indices themselves will be normally distributed.  This property will makes it possible to use parametric statistics, including the powerful analysis of variance method to compare sets of samples for which the diversity has been calculated (Magurran 1988).  We may want to compare diversity in stream reaches of like habitat with equal numbers of dissimilar ones.  It could also be that reaches with equal numbers of pool replicates may be compared for fish community and habitat differences using analysis of variance methods.  However, assumptions of independence of samples, randomness of samples collected, and the normality of the distribution of sample means must be assessed prior to using this method.  It will be a rare event when more than a few reaches sampled during a year can be analyzed using this technique.
Species-Habitat Correlation Analysis
Where sample sizes are sufficient, fish species abundance will be compared with habitat factors such as temperature, pH, oxygen, conductivity, and pool size and substrate. 

Significant associations between fish species abundance and habitat correlates will be identified where they exist. Partial correlation coefficient analysis may be used to examine habitat requirements for certain fish species where multiple physical factors appear to affect their abundance.
Other Data Analysis Techniques (in development)


Data visualization – We are currently considering the use of USGS Digital Elevation Models (DEMs) and Digital Ortho Quarter Quads (DOQQs) to visualize the relationship between prairie stream drainage physical features and the structure of fish communities that occur there. In particular, a surface viewshed of neighboring drainages may help to elucidate the relative roles of slope, aspect, and isolation (either by distance or by barriers such as dams on livestock ponds) in shaping the fish community structure. 


Network Analysis – Another GIS approach, network analysis, may assist in quantifying effective isolation by distance among sampling pools. USGS National Hydrographic Datasets (NHD) are available for the Tallgrass Prairie vicinity. NHD provides continuous network data for Cottonwood River watershed which includes the steams at TAPR. Hydrography data exists for PIPE in the form of 1:24000 USGS DLGs. Unfortunately, these do not provide continuous watershed linear features. Significant investment in data conversion would be required to prepare these data for network analysis. USGS plans to convert southwest Minnesota watersheds including the Pipestone Creek watershed into NHD data format in the near future.

Two other statistical approaches that might be considered in the future include geostatistics and time-series analysis. Additional information the application of these analyses for fish community monitoring will be included in a future revision.
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