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10.1  OVERVIEW

10.1.1  SCOPE AND APPLICATION

The purpose of the lichen community indicator is to use lichen species and communities as biomonitors of change in air quality, climate change, and/or change in the structure of the forest community.  Lichen communities are excellent indicators of air quality, particularly long-term averages of sulfur dioxide concentrations (Hawksworth and Rose 1976; Smith and other 1993; van Dobben 1993).

Lichen communities provide information relevant to several key assess​ment questions, including those concerning the contamination of natural resources, biodiversity, and sustainability of timber production (Figure 10-1).  Lichens not only indicate the health of our forests, but there is a clearly established linkage to environmental stressors, as described below.
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10.1.2  SUMMARY OF METHOD

The objectives of this task are to determine the presence and ABUNDANCE of macrolichen species on woody plants in each plot (using the 120‑foot radius core of the plot without subplots) and to collect samples to be mailed to lichen experts.  Note that the crew member responsible for this task is not required to accurately assign species names to the lichens (that is done later by a specialist) but must be able to make distinctions among species. 

The method has two parts which are performed at the same time:

1.
Make a specimen collection of each macrolichen species on the plot for identification by a specialist.  The population being sampled consists of all macrolichens occurring on woody plants, excluding the 0.5 m basal portions of trees and shrubs.  Include recently fallen branches in your sampling. Do not include human-altered woody substrates such as fenceposts, shingles, siding, or boards.
2.
Estimate the ABUNDANCE of each species.  Possible species which you are not sure are different from those already collected should be collected as many times as needed with ABUNDANCE rated separately for each collection.

10.1.3  INTERFERENCES
This method may be used in any season or weather condition.  It should not be used in poor light, however, because the method requires careful discrimination among species in the field.  Therefore, it should not be performed within an hour of sunset or sunrise, or during dark, rainy conditions.  Another common interference is to be pressured by other crew members to speed up the lichen survey because they have already completed their work and are impatient to leave the plot.  Chances are that you will have to wait for them at some point.  Remind them of this and proceed with your task, or, if it is a recurrent problem, discuss it with your crew leader to see if you can devise more equitable work loads.  Hastily conducted plots are likely to create misleading results in data analysis.  To avoid both of these interferences, we recommend that crews try to conduct the lichen work mid-day or earlier.

10.1.4  SAFETY

Only minor hazards are associated with the method.  Care should be used when removing lichens specimens with a knife or chisel.  Always cut away from yourself.  The knife must have a locking blade or fixed blade.  Trees should not be climbed to procure specimens.

10.1.5  ASSISTANCE FROM PERSONS NOT CERTIFIED FOR LICHENS

A crew member not certified in lichens may assist by labeling lichen packets for the ‘lichen’ crew member as the latter collects. Crew members not certified in lichens should not collect specimens, nor should they help assign abundance values for lichens.

10.2  SAMPLE COLLECTION, PRESERVATION, AND STORAGE

10.2.1  PROCEDURE

1.
The area to be sampled (henceforth the "lichen plot") is a circular area with a 120‑foot radius centered on subplot 1, but excluding the four subplots (see Figure 10-2).  The area of the lichen plot is 40715 ft2 = 3782 m2 = 0.378 ha = 0.935 acres.

(Note: For off-frame applications where subplots have NOT been set up, an equal area is sampled by using a 34.7 m = 114 ft radius circular plot, sampling the whole area within that radius.)
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Figure 10-2.  Lichen sampling area. The shaded area is the lichen plot.
2.
Record the time sampling begins and ends on the Lichen PDR screen or "Plot Data Card" (Section 10.2.3; you will be given a supply of these at the beginning of the field season).  Sampling continues for a maximum of two hours or until 10 minutes elapse with no additional species recorded.  At least 45 minutes in the East and Pacific West, and 30 minutes in the Intermountain West, must be spent searching the plot, even if very few lichens are present.

3.
Take a reconnaissance walk through the lichen plot, locating lichen epiphytes on woody plants and collecting lichen samples and assigning ABUNDANCES as you go.  The following method is suggested.  Begin at approximately 100 ft due north from plot center, measuring with your eye to the limiting boundary of 120 ft and continue to the right in a sinuous manner until you reach the perimeter of subplot 3.  The same procedure is followed between subplots 3 & 4 and 4 & 2.  The idea behind this approach is that you can scan the whole area but intensely scrutinize selected areas to best represent the diversity on the plot (see item 4 for more details).  If time allows, make additional circuits of the plot, searching for substrates or spots that were not visited on the first pass. Collect on the entire lichen plot regardless of forest vs. non-forest condition. If permission for access cannot be obtained in a timely manner for a portion of the lichen plot, do not collect lichens on that part of the plot. If only part of the plot is sampled for this reason, please make a note of this in the comments field of the PDR or Plot Data Card.
4.
Lichen species with the following growth forms will be collected: fruticose and foliose (i.e., macrolichens).

 Inspect woody plants (trees and shrubs > 0.5 m tall) within the lichen plot for lichen species. This includes dead trees and snags as defined in the P2 manual (USDA Forest Service 2002).

 Be careful to inspect the full range of substrates and microhabitats available:

 shaded and exposed
 both live and dead trees, including snags
 conifers and hardwoods

 branches and twigs on trees

 recently fallen branches, twigs and lichens which obviously fell from above 0.5 m 

 shrubs

 trees in particular topographic positions (for example, check in a draw or ravine on an otherwise uniform slope, so long as it occurs within the lichen plot). 

 DO NOT SAMPLE long-down woody debris including rotten logs or other semi-permanent features of the forest floor. Also, decayed stumps should not be sampled.

5.  
ABUNDANCE ratings.  Record relative ABUNDANCE within the lichen plot.  Relative ABUNDANCE for each species is estimated as follows:

When collected: Every lichen packet for every plot sampled for lichens

Field width: NA

Tolerance: No errors

MQO:  At least 99% of packets

Values:
	Code
	Abundance

	 1
	Rare (< 3 individuals in area)

	 2
	Uncommon (4‑10 individuals in area)

	 3
	Common (> 10 individuals in area but less than half of the boles and branches have that species present)

	 4
	Abundant (more than half of boles and branches have the subject species present) Note:  this code is not frequently assigned, but is valid.  Make sure that more than one out of every 2 boles, branches, and twigs host this species.


6.
Collect a large (ideally palm-sized) sample of each possible species and place it in a packet.  Label the packet with the HEXID NUMBER and DATE (you can do this at the end of the day), packet number (sequentially as collected), and record relative ABUNDANCE.  Feel free to revise the ABUNDANCE rating as collection proceeds.  Also record any comments on the outside of the packet.  For more details, see "Sample Procurement" below.  After completing the task, check each packet to be sure that each one has a HEXID NUMBER, DATE, and ABUNDANCE code.

7.
How to handle uncertainties: The field crew will frequently have uncertainties about the classification of an organism.  The following rules for the field crew are designed to put the burden of the responsibility for classification on the specialist, not the field crew.

 When in doubt, assume it is a lichen.

 When the growth form is in doubt, assume it is a macrolichen.

 When species distinctions are in doubt, assume that two different forms are different species.


The purpose of these rules is to encourage the field crew to make as many distinctions in the field as possible.  The specialist can later adjust the data by excluding specimens that are not macrolichens and by combining forms that were considered separate by the field crew but are actually the same species.  For more information, see the material distributed at your training session.

 Wrap-up.  Complete all fields on the lichen PDR screen and the bold fields on the “Plot Data Card.” This information is critical for data analysis, and Plot Data Card information also assists the specialist, who has never been to the plot and knows nothing of its vegetation and environment.  

 Empty plots (i.e., those sampled and found to contain no lichens).   Please complete and submit a plot data card for empty plots as well as those with lichens.  Also mark empty plots on the specimen mailing form with the comment “no species found”.  These actions let us know that the plot was sampled and no lichens were found.

10.2.2  SAMPLE PROCUREMENT 

1. Use PDR to enter plot data requested (see Plot Data Card below) and 10.2.3 for codes.  See appendix (Section 10.8) for PDR codes.
2. Optimally collect a palm-size sample (about 5-10 cm in diameter) of each fruticose and foliose species.  This includes all species that are three-dimensional or flat and lobed.  Even minute fruticose and lobate forms should be included.  Squamulose species and Cladonia squamules lacking upright stalks should not be included. 

· Collecting large samples is the only way to be sure that the specialist can properly name your collections.

3.
Place each specimen in a separate packet and label as follows:

 Collection number (coll. no.): number sequentially as collected, or pre/postnumber packets

 Relative ABUNDANCE. (Feel free to revise this rating as collection proceeds and you become more familiar with the plot.)

 Often there will be more than one species on a given bark sample.  If there is any chance of ambiguity about which species in the packet corresponds with the ABUNDANCE ration, write a descriptive clarifying phrase, such as “the white one” or “the sorediate one,” on the packet.


Label the packet with an indelible marker, preferably a medium point rolling ball pen (such as “Pilot” brand) with PERMANENT ink.  Alternately, regular ballpoint pen (dry packets), waterproof alcohol markers (dry or damp packets), and very soft (#2 or softer) pencils (very damp packets) can be used.

Make sure to check packets for missing ABUNDANCE codes before you leave the plot.

4.
Avoid multispecies packets.  Each species should be placed in a separate packet with its own ABUNDANCE code.  Multispecies packets typically result in missing ABUNDANCE values.  Genera such as Usnea and Bryoria are frequently found on the branch with several species clustered together.  Make an effort to separate these prior to packeting specimens—this will also lead to better species capture on the plot.

5.
When finished for the day, or earlier as time allows, label all of the packets from that day with the HEXAGON ID NUMBER and the DATE.  Rubber stamps are best for this task as they speed the process and reduce errors from writing mistakes.  It is essential that each packet have the correct HEX_ID and DATE—packets often get separated from the rest of the plot for identification of difficult material, and we must be able to reintegrate them properly.


At this time you should add sequential packet numbers if you did not do that in the field.  If you are not using a packet template with your name printed on it, fill your name in the “collector” field.  Fill in remarks only when needed (e.g., “the sorediate one” or “the yellow one”).

The following information relates to HEXAGON ID NUMBER, DATE, and sequential packet numbers:

When recorded: every lichen packet for every plot sampled for lichens


Field width: NA


Tolerance: No errors


MQO:  At least 99% of packets


Values:  As appropriate
6.
Complete the "Plot Data Card" and the PDR fields in the lichen screen (Figure 10-3) fully while on the plot.  Please refer to the plot codes and definitions given in 10.2.3 to complete the Plot Data Card and refer to the PDR Codes Appendix (10.8) for PDR codes.  These codes are also in the help screens of the PDR. When also using the PDR, fill out only bold fields on the Plot Data Card.
 Place all of the specimen packets from a given plot WITH the Plot Data Card.  Either bundle with two crossed rubber bands, or place into a single or several paper bags. For each paper bag, record PLOT ID code, YOUR NAME, the DATE, and “BAG#___OF___” (total # of bags for that plot). Fold the top of each paper bag closed and secure with a rubber band (no staples, please).  The redundancy in all of this labeling may seem unnecessary, but it has proved quite helpful in resolving problems of mislabeled material.

8.
Store packets in a dry place until you mail them.  Specimens must be thoroughly air dried to avoid fungal decay.  If specimens were wet when collected, the individual packets should be spread out and dried inside or in the sun as soon as possible. Never store lichen specimens in plastic bags.

9.
When folding packets for the plot, please use the guide lines on the preprinted packets.  Avoid “wide-folding” of packets.  This may allow specimens to fall out.  If uncertain of how to fold the packets, please consult an experienced crew member or the lichen indicator advisor.
Lichen Communities Indicator
PLOT DATA CARD
FIA, 2002
This will be part of the permanent record for this plot. PLEASE COMPLETE IT FULLY!

If using the PDR, complete BOLD fields only.  If not using the PDR, complete all fields.  
Hex ID: _____________     Plot No. _____   State: _____      County: ________________

Date: ____________
  Crew Member's Name: _______________  Crew code ______

Crew Type _______  QA Status ________   Lichen Project Code _______

Time lichen sampling began:___________  Time lichen sampling ended:____________

Elevation (ft): _______   

% Cover (on lichen plot): Conifers ___________  Hardwoods _________  Tall Shrubs ____________

Dominant Tree/Shrub Species(w/% cover)  _____________________________________________ ___________________________________________________                                                 ______
_______________________________________________                                                                     
Important substrate species not on subplots ____________________                               ________    ____________                                                                                                                          _______

% gap _______   Recent( <5 yr)? Y   N  w/ Tall Shrubs? Y    N

Size class(es) of 3 largest trees (in. DBH) <10 ____  10-20 ____  21-30 ____  31-40 ____  >40 ____

Features important for high/low lichen diversity (if any) _______________________________________

___________________________________________________________________________________

Sampling issues/problems (weather, etc) ________________________________________________

Other comments _____________________________________________________________________

REMEMBER:

· Record the abundance code on each packet!

· Remember to look for the common species.

· Try to put only one species in each packet.


Figure 10-3.  Plot data card for lichen communities.  Complete this form and bundle it with the packets for each plot.
10.2.3  CODES FOR THE PLOT DATA CARD

The following are codes and other notes needed to complete the plot data card. See 10.8 APPENDIX for PDR codes and additional QA information.
HEX ID
Standard 7 digit code, e.g., 4212137.
When collected: All plots visited
Field width: NA
Tolerance: No errors
MQO: At least 99% of the time
Values: Hexid number
PLOT NUMBER
Some hex’s have had more than a single sample plot over time, thus you may encounter plot numbers higher than 1.
When collected: All plots visited

Field width: NA

Tolerance: No errors

MQO: At least 99% of the time
Values: Plot number






STATE and COUNTY
Please use full names for counties and two letter codes for state (e.g., “WA”  and “Kittitas”, not “34” and“16”).  These slips go to specialists who will not be familiar with FIA codes, so avoid using numerical codes. 
When collected: All plots visited

Field width: NA

Tolerance: No errors

MQO: At least 99% of the time
Values: State and county names





DATE

Record date on which plot was surveyed, NOT date of mailing.  This is critically important in sorting out coding problems if any occur.
When collected: All plots visited

Field width: NA

Tolerance: No errors

MQO: At least 99% of the time
Values: Full date in any format






CREW TYPE
When collected: All plots visited

Field width: NA

Tolerance: No errors

MQO: At least 99% of the time
Values: 






1. Regular Field Crew

2. QA Regional Field Crew

3. Regional Trainers

4. National Experts

QA STATUS
When collected: All plots visited

Field width:  ?

Tolerance: No errors

MQO: At least 99% of the time
Values: 






1.  Standard field production plot

2.  Cold Check 

3.  Reference plot (off grid) 

4.  Training/Practice plot (off grid)

5.  Botched Plot file (disregard during data processing)

6.  Blind Check
7.  Hot Check production plot
LICHEN PROJECT CODE
When collected: All plots visited

Field width:  ?

Tolerance: No errors

MQO: At least 99% of the time
Values: 






1. Detection Monitoring

2. Special Study

3. Gradient Study

4. Evaluation Monitoring


1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 




% COVER

% canopy cover of overstory hardwood, conifer and tall shrub vegetation (NOT of lichens).  Total of trees plus shrubs may be >100%, but trees alone should not be  > 100%.   Tall shrubs are those >1 m tall.
When collected: All plots visited

Field width:  ?

Tolerance: No errors

MQO: At least 99% of the time
Values:  Enter or write three percentages, one each for hardwoods, conifers, and tall shrubs





DOMINANT TREE AND SHRUB SPECIES
Please use full scientific names for trees.  Only 4-5 species are needed here.
When collected: All plots visited

Field width:  NA

Tolerance: No errors

MQO: At least 99% of the time
Values: Text






IMPORTANT SUBSTRATE SPECIES NOT ON SUBPLOTS
Please note any trees or shrubs that were not included in the tally and which hosted a significantly different or more abundant lichen flora from that on tallied trees.
When collected: All plots visited

Field width:  NA

Tolerance: No errors

MQO: At least 99% of the time
Values: Text








% GAP

To be a gap, there must be:

· Markedly different terrestrial vegetation than on forest floor

· Lack of trees on at least 3-5% of plot.  3% of a plot is a circle with a 20 ft radius. 4.4% of a plot is the size of one subplot.
· Canopy opening whose length or width is at least one tree length.

Note: Gaps are caused by disturbance, not just low density of tree establishment.
When collected: All plots visited

Field width:  ?

Tolerance: No errors

MQO: At least 99% of the time
Values:  %






RECENT? 

Did the gap appear to be less than 5 years old (e.g., caused by recent disturbance) or not.

When collected: All plots visited

Field width:  ?

Tolerance: No errors

MQO: At least 99% of the time
Values:  y, n or see appendix





TALL SHRUBS? 

Was the gap subsequently filled in with tall shrubs (i.e., >1 m tall)? This is important as gaps with tall hardwood shrubs are often especially rich areas for lichen diversity.
When collected: All plots visited

Field width:  ?

Tolerance: No errors

MQO: At least 99% of the time
Values: y, n, or see appendix





SIZE CLASS(ES) OF 3 LARGEST TREES
Please note size class of 3 largest trees on the entire LICHEN PLOT.  Use numeric characters (not tally marks) for the number of trees in each class, e.g., 2 for two trees in a particular size class. 
When collected: All plots visited

Field width:  ?

Tolerance: No errors

MQO: At least 99% of the time
Values: Number of trees in class or see appendix






FEATURES IMPORTANT FOR HIGH/LOW LICHEN DIVERSITY
Any important substrate species or conditions which greatly influenced plot (e.g., recently clearcut, riparian with large hardwoods, old growth).
When collected: All plots visited

Field width:  ?

Tolerance: No errors

MQO: At least 99% of the time
Values: Text or codes below






 If using the PDR, the following codes apply:

High Diversity

1.  Stand appears relatively old for its forest type
2.  Old remnant trees in otherwise young stand
3.  Riparian

4.  Gap in forest

5.  Moist areas on plot with open structure and high light

6.  Abundance of tall shrubs hosting high lichen diversity

7.  Hardwoods within conifer forest had high diversity and/or different species

8.  Conifers within hardwood forest had high diversity and/or different species

9.  Presence of exceptionally good lichen substrate species (e.g., Quercus garryana, Abies spp. in west)

10. Other

Low Diversity

11. Very young forest or recently regenerating clearcut

12. Clearcut

13. Recently burned—lichens apparently removed by fire

14. Too dry for good lichen growth

15. Too exposed or open for good lichen growth

16. Some of plot nonforest

17. Most of trees on plot were poor lichen substrates (e.g., lodgepole pine)

18. Most of the diversity was on a few trees or less

19. Other

Sampling Issues or Problems

Any problems which resulted in poor collection effort.  
When collected: All plots visited

Field width:  ?

Tolerance: No errors

MQO: At least 99% of the time
Values: Text or codes below






If using the PDR, the following codes apply:

1.  Too wet to see lichens well

2.  Too dark to see lichen well

3.  Sampling compromised by heat 

4.  Sampling compromised by other extreme weather (e.g., hail, lightning, snow)

5.  Very steep slope hindered thorough plot access

6.  Access to some or all of plot blocked by natural obstacles (e.g., lingering snowpack, high water, landslide, large blowdowns)

7.  Other

COMMENTS
Any other issues influencing the lichens, the vegetation, sampling or problems.

When collected: All plots visited

Field width:  ?

Tolerance: No errors

MQO: At least 99% of the time
Values: Text







10.2.4  SAMPLE MAILING

ALWAYS MAIL SPECIMENS USING A MAIL OR PARCEL SERVICE THAT INCLUDES PARCEL TRACKING. After the first two plots are completed, mail the specimens to the lichen specialist right away.  The purpose of this is to allow immediate feedback to the field crews concerning specimen quality and quantity.  Thereafter, mail the samples each week or every other week to the lichen specialist.  You should have the name and address of the lichen specialist.  In case of doubt, contact your supervisor or:

 

Susan Will-Wolf (608-262-2754 or swwolf@facstaff.wisc.edu).  

Bundles of packets should be packed closely, but without excessive crushing, in sturdy cardboard boxes.  Bundles of packets from several plots can be mailed in the same box.  Enclose in the box a Lichen Specimen Mailing Form (Figure 10-4) specifying the box's contents.  Extra copies of the Mailing Form can be found in the notebook of lichen training materials under "Mailings."

10.3  EQUIPMENT AND SUPPLIES

10.3.1  EQUIPMENT AND APPARATUS 

 Fanny pack (keep your lichen packets and equipment together).

 Locking‑blade or fixed‑blade knife (ca. 32" blade, recommended: Gerber LST Lockback Standard).  Tie on a piece of flagging so you do not lose the knife.

 10X hand lens (Bausch & Lomb Hastings Triplet or 23 mm diameter 10X Coddington-Type such as Forestry Suppliers #61502).  Hang it around your neck or tie on flagging so you do not lose it.

 Regional guides for lichen identification.  Different guides will be needed for different areas:

Northeast, North Central, and Southeast:

· Hale, M.E. 1979. How to Know the Lichens. 2nd Ed. Wm. C. Brown, Dubuque, Iowa.

Mid-Atlantic

 Flenniken, D. G.  1999.  Macrolichens in West Virginia.  2727 Twp. Rd 421, Sugarcreek, OH: Carlisle Printing 


LICHEN SPECIMEN MAILING FORM
Please enclose a copy of this form whenever these specimens are mailed.  Keep a copy for your records.

FIELD CREW TO LICHEN SPECIALIST:           

Date

Sent by: _______________       

To: ______________________
Sender's comments: ______________________________________
Received: ______________________________________________
Comments:_____________________________________________

LICHEN SPECIALIST TO STORAGE:              

Date

Sent by:                                
To:_____________________________
Sender's comments:______________________________________
Received: ______________________________________________
Comments: _____________________________________________
  CONTENTS
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	County
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Figure 10-4.  Form used for mailing lichen community specimens, one form per box.
Interior West

· McCune, B. and T. Goward. 1995. Macrolichens of the Northern Rocky Mountains. Eureka, CA: Mad River Press, 208 pp.

· St. Clair, L. L.  A Color Guidebook to Common Rocky Mountain Lichens.  Available from M. L. Bean Life Science Museum, 290 MLBM, Brigham Young University, Provo, UT 84602.

· McCune, B. and L. Geiser. 1997. Macrolichens of the Pacific Northwest. Oregon State University Press, Corvallis. 386 pp.

California

· Hale, M. E. and M. Cole.  1988.  Lichens of California.  Berkeley: University of California Press.

· McCune, B. and L. Geiser. 1997. Macrolichens of the Pacific Northwest. Oregon State University Press, Corvallis. 386 pp.

Pacific Northwest:

· McCune, B. and L. Geiser. 1997. Macrolichens of the Pacific Northwest. Oregon State University Press, Corvallis. 386 pp.
 Hand pruners (useful for collecting small branch segments).

 1-inch wide chisel (Northeast and Southeast only; useful for collecting samples from tough-barked hardwoods.  You may wish to make a sheath from a piece of cardboard and strapping tape or save the plastic cap that comes on some chisels).

 Number stamp (8 band, size 2) and date stamp (size 2), or an equivalent stamp with both letters and numbers, plus inkpad (for stamping HEXID NUMBER and DATE on packets).

 Watch.
10.3.2  CONSUMABLE SUPPLIES

 Specimen packets folded from 8.5" x 11" paper, averaging 30 per plot. (Regions may differ in how packets are provided.)  It is best to type/print your name on a master template and use template to make copies.  Electronic forms are available.

 Black medium point rolling ball pens (such as “Pilot” brand) with PERMANENT ink, for recording data on packets. 

 Alternate writing supplies include regular ballpoint pens (dry packets), waterproof alcohol markers (dry or damp packets), and soft pencils (#2 or softer - very damp packets).


 Medium size paper bags (#3 - #4 or similar size), one per plot.

 A few #1 or #2 paper bags as backup “packets” on very wet days.

 6 mailing forms (supplied in Lichen Community Training Manual).

 Large rubber bands (to keep packets together), one box per crew member.


10.4  CALIBRATION AND STANDARDIZATION

Calibration and Standardization are not applicable in this section.

10.5  QUALITY ASSURANCE

Data quality will be measured at (1) post-training certification, (2) field audits, and (3) plot remeasurements.  Each of these is discussed briefly below, and at length in the QA Project Plan (Pollard and Palmer 1998).  See also Subsection 10.5.6, "Method Performance," for QA results from recent years. 

10.5.1  MEASUREMENT QUALITY OBJECTIVES (MQOS)

Data must be collected within certain standards of quality (Table 10-1).  Remeasurements and audits will be conducted during the field season as ways of evaluating data quality.  Corrective action (retraining and retesting) will be taken if standards are not met.

Table 10-1.  Measurement Quality Objectives and Their Method of Assessment
	
	MQO
	Method of Assessment

	Precision
	12%
	Deviation between index scores from repeat measurements of the same plot

	Bias
	12%
	Signed deviation from "true" index scores, as determined from expert data.  In practice, obtaining 65% or more of the expert's species will yield index scores that meet this MQO

	Accuracy
	12%
	Absolute deviation from "true" index scores, as determined from expert data.  In practice, obtaining 65% or more of the expert's species will yield index scores that meet this MQO

	Completeness
	90%
	Percentage of forested plots with lichen data 


Accuracy can be expressed in terms of the percent deviation between index scores of two independent samples of the same lichen plot, one of which is collected by a lichen specialist and is considered the true species composition.  "Index scores" in this case tell where a plot falls on a climatic gradient and on an air quality gradient.  This percent deviation is calculated as:

100 * (expert's score - trainee's score) / length of the gradient.

The signed deviation expresses bias.  The absolute deviation expresses accuracy.  These calculations are possible only for those regions that are in the "application phase" of the lichen community indicator, meaning that a gradient model of lichen communities has already been constructed.  As of March 2002, models are available for the southeastern U.S. and Colorado, and are under construction for the northeastern U.S., the Pacific Northwest, and California.  We have found that if the trainee obtains 65% or better of the specialist's species list, the index scores will mostly fall within 10% of the expert's.  Therefore, this 65% figure is used as an operational goal for training, certification, and audits.  It is referred to below as our "field MQO", and is used as a readily calculated basis for providing rapid feedback to the crew.

Precision is estimated from remeasurements of the same crew on the same plot.  For the lichen community indicator, it is assessed with the percent deviation between index scores, calculated as

100*(trainee's 1st score - trainee's 2nd score)/length of the gradient,

where index scores are calculated by applying the regional gradient model.
Another aspect of quality control is making sure that the lichen specimens are adequate, not decomposed, and being received by the lichen specialist.  If problems are perceived either by the field crew or the lichen specialist, they should contact each other and/or the indicator lead. 

10.5.2  CERTIFICATION

Only people who have successfully completed lichen training and certification should collect the lichen community data.  You are certified by performing the lichen community method on a test plot and meeting the field MQO (65% of the expert's species list).  Your trainer completes a form (see QA Plan) that records your score and certification.  You will receive supplemental training and retesting if you fail the initial test. 

10.5.3  HOT AUDITS

Hot Audits serve two primary purposes: (1) providing additional crew training and check in with the field crew to see if they are having any difficulties with the method (“hot check”), and (2) documenting the data quality (similar in function to cold checks for other indicators).  The first objective is achieved by talking with the crew, observing the method in progress, and providing immediate feedback.  The second objective is met by calculating numerical scores (comparing results to those of the lichen auditor) based on the field crew sampling a plot without interference from the auditor.  One or more plots will be examined per hot audit.  The lichen community hot audit proceeds in four steps.  Note that the early steps provide immediate feedback to the crew, but the later steps quantify the data quality with increasing rigor.  

1.
The auditor asks the crew member if they have questions concerning the method before the sampling begins, then discusses those problems with the crew member.  (If time allows the auditor to be present for two plots, the first plot should be done more interactively, with the auditor helping the crew rather than as a test plot.)

2.
The auditor then allows the crew member to sample on their own but observing at a distance the manner in which the crew member covers the plot.  At the end of the plot, the lichen specialist then quickly assesses the number and quality of specimens and provides immediate feedback on the specimens and other aspects of technique (for example, if the person camps out on one tree and does not see a lot of the plot).  Normally it is fairly easy for a specialist to judge how well someone is doing, even before the final scores are in.

3.
The auditor field-identifies the lichens, then evaluates the number of species obtained by the crew member as a percentage of the auditor's total.  These values are reported by the auditor to the indicator lead and crew member as soon as possible, and generate the hot audit score used to decide whether a crew member has passed the audit.  In some cases this can be reported to the crew member in the field, but if time or weather does not allow complete field identifications by the auditor, those figures may be delayed by a week. If a crew member fails the audit, s/he does not collect lichens further unless retrained. In the past we have found that if trainees obtain 65% or better of the number of species obtained by a specialist, the plot index scores (item 4 below) will mostly fall within 10% of the specialist's.
4.
Both the crew samples and the auditor samples are identified in the lab to lichen identification specialist standards. This may be done by the auditor, or both samples may be sent to the lichen ID specialist. These data help document data quality.
5.
After final plot data are delivered from the auditor or lichen ID specialist to the indicator advisor, the species abundances for both the crews and the auditors are entered into data files.  Where a regional multivariate lichen gradient model is in place, the indicator advisor then calculates plot index scores for each QA plot for both the crews and the auditors.  The crew's index scores are then expressed as deviations from the auditor's.  This is the most important numerical descriptor of the data quality, because it takes into account the mix and ABUNDANCE of species.  These results are available after the field season.
10.5.4  REMEASUREMENTS (BLIND CHECKS)

Plot remeasurements are an important part of ensuring comparability between crews and between years.  These QA checks allow for assessment of data quality for reporting purposes.  Plot remeasurements will be conducted with blind checks of hex plots by lichen specialists.  Crew members will not be aware in advance of which plot(s) will be blind checked.  Approximately 5% of the plots in a season will be remeasured. Plot sample identification and data entry follow the same procedures as for plot samples from hot audits (see 10.5.3, items 4 and 5).
10.5.5  DEBRIEFING

We schedule time at the end of the field season to learn from you.  This will happen via a questionnaire.  In some cases a lichen specialist or their representative will solicit feedback from you in person.  Your comments during debriefing are collated and summarized by the indicator advisor and become part of the basis for improving the method for next year.

10.5.6  METHOD PERFORMANCE

The performance of the method is assessed by evaluating measurement quality objectives (MQOs) for precision, accuracy, and completeness.  Our QA results from the 1993 and 1994 seasons are summarized below (Table 10-2).  Average accuracy and bias are expressed with respect to index scores on two lichen community gradients.  The MQO of 90% completeness was exceeded.  

Table 10-2.  Summary of 1993-1994 Lichen Community Data Quality.  Results are given separately for experts and trainees in the multiple-expert study.  Accuracy and bias are both measured as percentages, relative to expert data.

	
	   
	Species richness
	Score on

climatic gradient
	Score on

air quality

gradient 

	
	   N1
	% of expert
	Bias
	Acc.
	Bias
	Acc.
	Bias

	Reference plots2
	16
	61
	-39
	4.4
	+2.4
	11.1
	-10.5

	Multiple-expert study, experts
	3
	95
	-5
	3.6
	+3.6
	4.7
	-4.7

	Multiple-expert study, trainees (beginners)
	3
	54
	-46
	8.0
	+8.0
	5.0
	-5.0

	Certifications
	7
	74
	-26
	2.7
	+2.4
	2.1
	-2.1

	Audits
	15
	73
	-50
	10.3
	+3.7
	6.0
	+2.7


1 N = sample size

2 excludes two minimal-effort outliers (see text)
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10.8  APPENDIX:  PDR CODES FOR LICHEN INDICATOR

#151  Lichens Collected?

1  lichens collected

2  plot searched, no lichens found

3  not collected-no measurements taken, plot harvested

4  not collected--no measurements taken-plot dangerous

5 not collected-ran out of time

6 not collected-rain/storm

7  not collected-left plot for emergency

8  lichens not scheduled for collection on the plot

9  not collected for other reason

#153 Reason for Not Collecting Lichens

Enter a brief reason for not

collecting lichens.  If more space

is needed use the plot notes.  If

the second line is not needed, mark

an X on the second line

#160 Lichen Project

1 Detection Monitoring

2 Special Study

3 Gradient Study

4 Evaluation Monitoring

#161 Start/Stop Time

Enter Start/Stop Time in

HHMM where HH is hour and

MM is min.  Use military

time (e.g., 1:45 PM is

1345)

#164 Percent Conifer/Hardwood/Shrubs

% canopy cover of overstory hardwood,

conifer and tall shrub vegetation (NOT

of lichens).

Total of trees plus shrubs may be >100%,

but trees alone should not be >100%.

Tall shrubs are those >1 m tall.

#166 % Gap

To be a gap, there must be:

1 Markedly different terrestrial

  vegetation than on forest floor

2 Lack of trees on at least 3-5 percent

  of plot. 3% of a plot is a circle with a 20 ft radius. 4.4% of a plot is the size of one subplot.
3 Canopy opening whose length or width

  is at least one tree length.

Note: Gaps are caused by disturbance,

not just low density of tree

establishment

Enter in 5% classes

#167 Recent

Did the gap appear to be less than 5

years old (e.g., caused by recent

disturbance) or not

0 Not Recent (>= 5 years old)

1 Recent     (<  5 years old)

#168 Tall Shrubs

Was the gap subsequently filled in with

tall shrubs (i.e., >1 m tall)? This is

important as gaps with tall hardwood

shrubs are often especially rich areas

for lichen diversity.

0 No tall shrubs

1 Tall shrubs present

#169 Size Class of 3 Largest Trees

Encountered on the lichen plot
Code    Size Class (DBH, inches)

1       <10

2       10-20

3       21-30

4       31-40

5       >40
#170 Features (Associated with High or Low Lichen Diversity)

0  No significant features

High Diversity Features

01 Stand appears relatively old for its forest type
02 Old remnant trees in otherwise young stand 
03 Riparian

04 Gap in forest

05 Moist areas on plot with open

   structure and high light

06 Abundance of tall shrubs hosting

   high lichen diversity

07 Hardwoods within conifer forest had

   high diversity and/or different

   species

08 Conifers within hardwood forest had

   high diversity and/or different

   species

09 Presence of exceptionally good

   lichen substrate species

   (e.g., Quercus garryana, Abies spp.

   in west)

10 Other

Low Diversity Features

11 Very young forest or recently

   regenerating clearcut

12 Clearcut

13 Recently burned-lichens apparently

   removed by fire

14 Too dry for good lichen growth

15 Too exposed or open for good lichen

   growth

16 Some of plot nonforest

17 Most of trees on plot were poor

   lichen substrates (e.g., lodgepole

   pine)

18 Most of the diversity was on a few

   trees or less

19 Other

#171 Issues (Sampling Issues)

0 No significant issues

1 Too wet to see lichens well

2 Too dark to see lichen well

3 Sampling compromised by heat

4 Sampling compromised by other

  extreme weather (e.g., hail,

  lightning, snow)

5 Very steep slope hindered thorough

  plot access

6 Access to some or all of plot

  blocked by natural obstacles (e.g.,

  lingering snowpack, high water,

  landslide, large blowdowns)

7 Other

Figure 10-1.  Conceptual model of the lichen community indicator.
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