
[image: ]U.S. Fish and Wildlife Service
Inventory and Monitoring Help Documentation


Instructions (SOP 8) for EMAP PHAB Workbook for use with the Survey Protocol for Habitat and Fish
IR 9&12 Aquatic Health and Climate Change Program 

Version 1.0, September 2021

Survey Name: Aquatic Climate Change – Habitat & Vertebrates
Survey IDs: FF01RKTN00-035, FF01RLPO00-089, FF01RMLH00-125, FF01RWLP00-108, FF01RWMF00-084
ServCat Location: https://ecos.fws.gov/ServCat/Reference/Profile/132812
Created by: Sam Lohr 
Software: Microsoft Excel
Contents
1. Introduction	2
2. Workbook Tab Descriptions	4
3. Data Dictionary	7



[bookmark: _Toc82600067]Introduction
This document provides instructions for the use of the Excel Workbook to calculate habitat variables using EMAP methods (Survey Protocol for Habitat and Fish, SOP 8). File originally developed by Virginia Department of Environmental Quality and modified for USFWS NWR Monitoring Project by S. Lohr.
[bookmark: _GoBack]The sample design of the aquatic monitoring program relies on long-term surveys of physical, habitat, and biological attributes at a survey reach in a stream at each of five NWRs. This is intended to allow for analyses of potential change in attributes through time and analyses for temporal relationships among attributes. Therefore, factors affecting the sustainability of the program (e.g., selection of sites, survey methods, etc.) were paramount considerations to maximize the likelihood of sustained, long-term implementation. For sampling habitat and biological attributes, field methods were adopted for wadeable streams in accordance with EPA’s Environmental Monitoring and Assessment Program (EMAP; Peck et al. 2006). Results of regional pilot applications of EMAP throughout the United States have successfully characterized ecological conditions (Hughes et al. 2000).
Various aspects of the EMAP approach (e.g., scope, reach selection, and component indicators) are modified, or not used, in employing its methods for the aquatic monitoring program. This was to better address our goal, objectives, and considerations, as well as to encourage the long-term sustainability of the program.
Data collected at survey reaches are based on published protocols for select variables (Peck et al. 2006, EPA 2014) for which our sampling objective is to correctly apply the protocols to meet our overall goal and objectives. Additional sampling objectives can be developed and refined as time series of data are generated and sufficient to allow evaluation.

The current file in use (as of 10/01/2021) is, CURRENT-EMAP PHAB 2021-06-18.xls
Current version: S. Lohr 2021-06-18.

For more information visit the reference on ServCat, https://ecos.fws.gov/ServCat/Reference/Profile/132512 

README worksheet with instructions for use of Excel workbook to store habitat data and calculate variables (CURRENT-EMAP PHAB 2021-06-18.xls).
Enter data from appropriate habitat forms onto nine worksheets of the EMAP PHAB workbook (Reach, sl_Slope1, sl_Banks, sl_TransectDepths, Wet, BankFull, Incision, Thalwegs, and Wood) and conduct QA/QC.  Variables describing channel characteristics and riparian characteristics are compiled on two worksheets (Table 1 Channel summary and Table 2 Riparian summary, respectively).

Habitat Survey Forms, and their respective data dictionaries are found within the SOP section of the SSP.

Table 1. List of SOPs, associated forms, description and primary activities for habitat and fish surveys.
	SOP Link
	Form
	Description
	Activities

	
	---
	Instructions for laying out the survey reach and diagram illustrating variables recorded at transects, subreaches, and riparian plots.
	Flag 11 equally spaced transects throughout survey reach (labeled A–K), defining 10 subreaches (A–B, B–C…….J–K).

	
	1, 2
	Stream verification and discharge forms (Forms 1 and 2), and instructions for measuring stream discharge. 
	Form 1–record water chemistry and sketch survey reach.
Form 2–record values to calculate discharge using either velocity-area or neutrally buoyant object methods.

	
	3
	Water surface slope and bearing form (Form 3) and instructions. Note additional instructions for using water tube for slope, the preferred technique for low gradient streams.
	Form 3–Record compass bearings and water surface slopes between transects for each subreach, which is to be done in segments using supplemental bearing points in cases where there is no clear line of sight between transects.

	
	4
	Channel/Riparian cross-section form (Form 4) and instructions for variables associated with transects and riparian plots.  Note omitted variables (substrate, fish cover, human influence) and added variable (canopy tree count).
	Form 4–Mark transect box; record cross-section water distances/depths; bank measurements (angles, widths, heights); record canopy cover using densitometer, conduct visual estimates of vegetation within riparian plots; record number of individual big and small canopy trees within riparian plots.

	
	5
	Thalweg profile and woody debris form (Form 5) and instructions for variables associated with subreaches between transects.  Note omitted variables (sediment, channel unit, pool code, substrate wood above bankfull channel) and added variable (presence of mussels).
	Form 5–Mark transect box; record thalweg depths at either 10 (stream > 2.5 m wetted width) or 15 (stream < 2.5 m wetted width) equally spaced locations along subreach (i.e., station labels 0–9 or 0–14, beginning on the transect (station 0)); record wetted width and bar width, if present, at the midpoint location (either station 5 or 7, depending on stream width); note presence of bars, side channels, and backwater at each location; tally categories of wood (diameter X length) totally or partially within the bankfull channel.

	
	6, 7
	Fish survey instructions (electrofishing) and form for length-weight of individuals (Form 6) and form for subreach data and fish tallies among subreaches (Form 7).
	Conduct electrofishing survey.  Form 6–record water constituents, electrofisher settings, and length-weights of individual fish (all or subsample).
Form 7–record tallies of fish among subreaches by species and note subreaches that species were present. 

	
	8
	Reach-wide benthos sample instructions and form (Form 8).
	Randomly select starting point (0.25, 0.5, 0.75 wetted width–left, center, right) to collect benthic sample on the first transect, then systematically collect (i.e., from left, center, right) a sample at each transect.  Composite samples and preserve. Form 8–record starting point in comments, and substrate and channel categories for each sample.



[bookmark: _Toc82600068]Workbook Tab Descriptions
New worksheets indicated by "sl_***".  Date of current version:  2021-06-18.

*sl_README tab also contains a description of the workbook and the following critical info:
1) Do not sort worksheets.
2) Data entry on worksheets with green tabs, in cells with green fill.  All other cells of worksheets are protected (password: fws).
3) Worksheets with pink tabs contain main output (summary stats, variables, etc.) in cells with pink fill, worksheets with gray tabs or cells with gray fill are for intermediate calculations.  The last two worksheets (Table 1, Table 2) compile channel and riparian variables.
4) Data for a survey of a site must be entered on the same row of multiple worksheets. Site name and date will appear in columns A and B of the row after initial entry on the Reach worksheet.

	Tab
	Worksheet
	Description (e.g., data source, purpose, etc.)

	1
	sl_README*
	Descriptions and instructions of each worksheet.

	2
	Reach
	--Enter Site name (i.e., stream name), date of survey, length of survey reach (m), and number of thalweg measurements made within each subreach (i.e., 10 or 15), stream discharge (cfs) measured during survey trip.

	3
	sl_Slope1
	--Enter slope (cm) (i.e., difference of water surface between points in the subreach), bearing (deg.), and proportion (%) of subreach over which slope (Sl. Prop.(%)) and bearing (Be. Prop.(%)) applies (from Form 3).
--NOTE:  unlike Form 3, proportions are entered separately for slope and for bearing so that they do not have to be the same (example: allows for multiple bearing measurements to be taken at a stream bend over which a water-level tube for slope might reach), flag cases on Form 3 where different proportions of the subreach were used for slope and bearing.  
--NOTE:  if a clinometer or other device was used to determine slope, convert values to cm to use in the workbook.

	4
	sl_Slope1.5
	--Calculates slope (%) for each segment of a subreach (maximum of 3) weighted by the proportion for each segment of the subreach (example segments—AB Main, AB 1st, and AB 2nd), segments are then summed to represent slope for each subreach (e.g., AB total)

	5
	sl_Slope2
	--Calculates mean water surface slope for the reach (i.e., mean among all subreaches; column AG)
--Calculates sinuosity (reach length/straight-line length between transects A and K) for the reach (see Kaufmann et al. (1999) formula 1, page 34; column AJ).

	6
	sl_Densiometer1
	--Enter densiometer measurements (number of points (0-17) with cover) by direction facing at each transect, mid channel measurements (CenUp, CenL....) are entered first and followed by bank measurements (Left, Right) (from Form 4). 
--Calculates mean and SD number of points with cover at mid-channel and bank locations for the reach.  Mean (SD) in columns BQ:BR and BU:BV for mid-channel and banks, respectively.

	7
	Sl_Densiometer2
	--Calculates mean and SD percentage canopy cover at the mid-channel and banks for the reach.  Mean (SD) in columns BQ:BR and BU:BV for mid-chanel and banks, respectively

	8
	sl_Banks
	--Enter bank angle (degree) and undercut bank distances-UC (m) for each bank (from Form 4).  Calculates mean and SD of bank angles and UC distances for left and right banks (columns AU:BB).

	9
	sl_RipVeg1
	--Enter riparian vegetation type code (D,C, E, M, N) for the canopy and understory layers and cover codes (0-4) for the canopy, understory, and ground cover layers on left and right banks at each transect.  Enter number of individual big and small trees within riparian plots on the right and left banks of each transect (columns GT:IK)  (from Form 4)

	10
	sl_RipVeg2
	--Converts vegetation cover codes to percentages based on midpoint of ranges.

	11
	sl_RipVeg3
	--Compiles canopy and understory vegetation types.
--Calculates sum (#) and percentage (%) for occurrence of each type across the 22 vegetation plots (columns AU:BN)

	12
	sl_RipVeg4
	--Compiles percentages of vegetation cover by categories (i.e., big trees, small trees, etc.) and vegetation layer (canopy, understory, ground cover).
--Calculates mean percentage cover, SD, and % of plots vegetation category was present for the 22 vegetation plots (columns FA:FU).

	13
	sl_TransectDepths
	--Enter water depth from the five locations (left, left middle….) at each main transect (A:K) (from Form 4).
--Calculates mean and SD for the reach and each transect (columns BF:CF).

	14
	Wet
	--Enter wetted widths for main (from Form 4) and intermediate transects (from Form 5). 
--Calculates mean and SD wetted width (columns X:Y).

	15
	BankFull
	--Enter bankfull heights (m) and then widths (m) for each transect (from Form 4).
--Calculates mean and SD for width for the reach, and mean and SD height for the reach relative to the water surface and relative to the streambed (i.e., mean water depth at each transect) (columns Y:AP).

	16
	Incision
	--Enter Incised Height (m) at each transect (from Form 4).
--Note: if channel is not incised, enter bankful height.
--Calculates mean and SD incised height relative to water surface for the reach; calculates incised height relative to mean water depth at each transect, and mean and SD for the reach.

	17
	Thalwegs
	--Enter thalweg depths (cm) by subreach between transects (A-B, B-C…..) and stations (0-9 for ten measurements per subreach in streams>2.5 m wetted width (zeros entered for stations 10-14) or stations 0-14 for fifteen stations per subreach in stream<2.5 m wetted width) (from Form 5).  Mean (xdepth) and SD (vdepth) thalweg depths are calculated and reported on the Reach worksheet. 

	18
	Residual15
	--Step in calculating AREASUM (residual pool total vertical profile area (m2/reach)) and RP100 (mean residual depth (residual pool vertical profile area per 100 m of reach (m2/100)) (see Kaufmann et al. (1999) page 38).

	19
	d_Depths15
	--Another step in calculating AREASUM (residual pool total vertical profile area (m2/reach)) and RP100 (mean residual depth (residual pool vertical profile area per 100 m of reach (m2/100)) (see Kaufmann et al. (1999) page 39).

	20
	Area15
	--Converts residual depths (from worksheet d_Depths15) from cm to m, and multiples by interval to calculate longitudinal profile area.  Calculates AREASUM (residual pool total vertical profile area m2/reach) and RP100 (mean residual pool depth cm) (columns EW and EX).

	21
	Wood
	--Enter the sum for each category of large woody debris (i.e., pieces all/part in bakfull channel (from Form 5).  Sums ordered 1st by diameter classes and then length classes (i.e., "wetsdsl" is small diameter (sd=0.1-<0.3 m) and short length (sl=1.5-5 m) pieces........"wetxdll" is extra large diameter (xd>0.8 m) and long length (ll>15 m) pieces).
--Converts LWD pieces to volume of wood and calculates total volume LWD in reach (VLW) and per square meter (VLW_msq) using reach length and banfull width.  
--Note:  Kaufmann et al. (1999) page 53 formula 16 is incorrect.  Correction is Volume = pi * [0.5*(minDiam + (maxDiam - minDiam)/3)]2 * [minLength + (maxLength - minLength)/3] (Kaufmann, pers. comm.), and values for the volume of each diameter/length category are in cells O3:Z3.

	22
	Table 1 Channel summary
	--Compiles channel characteristics in a table (mean values on row with site and date, SD in row below mean).

	23
	Table 2 Riparian summary
	--Compiles riparian vegetation characteristics in a table (mean values on row with site and date, SD in row below mean).




[bookmark: _Toc82600069]Data Dictionary 
[bookmark: _Toc81923340]Excel workbook to calculate habitat variables, worksheet Table 1, channel characteristics.
	Variable
	Units
	Description
	Comments

	Site name
	text
	Stream name with survey reach
	one of five (Bridge, Little Pend Oreille, Omeara, Muddy, Myrtle)

	Date
	MM/DD/YYYY
	Date habitat survey conducted
	

	Length
	m
	Length of survey reach
	

	Wetted width
	m
	Mean and SD wetted stream width
	mean of all main and supplemental transects, SD on row below mean

	Bankfull width
	m
	Mean and SD bankfull stream width
	mean of all main transects, SD on row below mean

	Bankfull height-water surface
	m
	Mean and SD bankfull height from water surface
	mean of all main transects relative to water surface, SD on row below mean

	Bankfull height-stream bed 
	m
	Mean and SD bankfull height from stream bottom
	mean of all main transects relative to mean water depth at each transect, SD on row below mean

	Incised height-water surface
	m
	Mean and SD incised height from water surface
	mean of all main transects relative to water surface, SD on row below mean

	Incised height-stream bed
	m
	Mean and SD incised height from stream bottom
	mean of all main transects relative to mean water depth at each transect, SD on row below mean

	Water depth 
	cm
	Mean and SD water depth
	mean of all main transects, SD on row below mean

	Thalweg depth
	cm
	Mean and SD thalweg depth
	mean of all thalweg depth measurements, SD on row below mean

	Residual pool depth 
	cm
	residual pool depth (depth at 0 flow) for survey reach 
	calculated as total area of residual pool vertical profile divided by reach length

	Slope
	%
	Change in water surface elevation by survey reach length
	calculated as mean of slope among all subreaches

	Sinuousity
	ratio
	Survey reach length divided by straight-line distance between transects A and K
	calculated as sum of subreach lengths divided by square root of compass bearings squared (see Kaufmann et al. 1999)

	Left bank angle
	degrees
	Mean and SD left bank angle
	mean of all main transects, SD on row below mean

	Right bank angle
	degrees
	Mean and SD right bank angle
	mean of all main transects, SD on row below mean

	LWD
	cubic meter/reach
	Volume of large woody debris within survey reach
	volume of large woody debris summed among subreaches

	LWD
	cubic meter/square m 
	Volume of large woody debris per square meter of survey reach
	volume of large woody debris summed for survey reach divided by survey reach area




[bookmark: _Toc81923341]Excel workbook to calculate habitat variables, worksheet Table 2, riparian characteristics.
	Variable
	Units
	Description
	Comments

	Site name
	text
	Stream name with survey reach
	one of five (Bridge, Little Pend Oreille, Omeara, Muddy, Myrtle)

	Date
	MM/DD/YYYY
	Date habitat survey conducted
	

	Mid-channel canopy cover
	%
	Mean and SD of percentage canopy cover among all mid-channel measurements
	percentage cover calculated relative to 17 points on desiometer, SD on row below mean

	Banks canopy cover
	%
	Mean and SD of percentage canopy cover among all bank measurements
	percentage cover calculated relative to 17 points on desiometer, SD on row below mean

	Riparian canopy-big tree
	%
	Mean and SD of percentage canopy cover of big trees among all riparian plots
	percentage cover calculated based on midpoint of cover categories, SD on row below mean

	Riparian canopy-small tree
	%
	Mean and SD of percentage canopy cover of small trees among all riparian plots
	percentage cover calculated based on midpoint of cover categories, SD on row below mean

	Riparian understory-woody
	%
	Mean and SD of percentage understory cover of woody vegetation among all riparian plots
	percentage cover calculated based on midpoint of cover categories, SD on row below mean

	Riparian understory-non woody
	%
	Mean and SD of percentage understory cover of non woody vegetation among all riparian plots
	percentage cover calculated based on midpoint of cover categories, SD on row below mean

	Riparian ground cover-woody
	%
	Mean and SD of percentage ground cover of woody vegetation among all riparian plots
	percentage cover calculated based on midpoint of cover categories, SD on row below mean

	Riparian ground cover-non woody
	%
	Mean and SD of percentage ground cover of non woody vegetation among all riparian plots
	percentage cover calculated based on midpoint of cover categories, SD on row below mean

	Riparian ground cover-bare ground
	%
	Mean and SD of percentage bare ground among all riparian plots
	percentage cover calculated based on midpoint of cover categories, SD on row below mean

	Number of big canopy trees
	count
	Sum of large trees in riparian plots
	New variable, not in EMAP (Peck et al. 2006)

	Number of small canopy trees
	count
	Sum of small trees in riparian plots
	New variable, not in EMAP (Peck et al. 2006)
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