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Introduction 
 
During the month of August, after the field data collection is complete, ABMP field staff sort the bryophyte (moss 
and liverwort) specimens that were collected from the field.  Field staff are trained to identify some of the most 
common and/or easily identifiable species.  By sorting the specimens into groups and identifying common species, 
less work is required by experts.  Some of the groups sorted by field staff will only be taken to Genus, while most 
groups will be identified to species by experts.  Due to the ABMP’s high standards, and the need for maintaining a 
high level of credibility in the information gathered, experts in the field of bryology will perform the majority of the 
species-level taxonomic determinations.  
 
This document outlines the training, procedures, and resource materials needed to accomplish bryophyte 
identification for the ABMP. 
 

Sample Processing 
 
This protocol is designed for field staff to identify the most common bryophytes that were collected in the field, and 
to sort the remaining “difficult” specimens into Genera or “meaningful groups” for expert identification.   
  
Laboratory Equipment 

ABMP Laboratory Protocols 
Reference collections 

 Dissecting microscope 
Compound microscope 

 Forceps  
 Sorting envelopes 
 

Sorting to Genera/Groups and Species Identification 
• Ensure that samples from all microhabitats at each ABMP site are present. 
• Working on one site at a time, place the contents of a single microhabitat collection onto the workspace. 
• Sort the bryophytes into basic groups or growth forms.   
• Use the Laboratory Protocol Training Sections (see below) and moss/liverwort reference collection to sort all 

bryophytes into Genera and morphological groups and to identify the priority 17 moss/liverwort species. 
• All species that can be identified are recorded onto laboratory data sheets using 7-letter species codes. Species 

names must be determined based on the Species References/Authorities listed below.  
• A voucher specimen of each identified species, from each ABMP site, is placed in an envelope and given a 

unique identifying number.  
• Basic sorting and identification of pre-determined species, will account for 50-60% of bryophyte specimens 

collected in the field.  
• Place an example of all remaining specimens that cannot be identified into separate envelopes for further 

processing and/or for expert identification. 
• Specimen envelopes are labeled using a pre-made stamp with the collector’s name(s), ABMP site, microhabitat, 

plot number, and a unique number for the specimen inside. 
• If unknown specimens cannot be separated from known specimens, then list the unknown specimen first (i.e., 

Dicranum sp.) followed by all other bryophytes identified on the envelope. 
• Once one microhabitat has been completed, open and process the next microhabitat from that ABMP site. 
• Once all specimens at a site have been identified/sorted and placed in envelopes, sort all envelopes into similar 

groups (eg., Dicranum sp., Unknown liverwort, etc.) and by ABMP site. 
• By the final week of August, each field staff should have sorted through their required 15 ABMP sites (see 

timeline below).  At this time each staff is given an additional 2-4 “advanced” species of a particular genera to 
learn and to identify from the already sorted envelopes.   
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• All species determinations made by ABMP field staff (17 predetermined species, including advanced species) 
must be made with ≥95% accuracy (see verification process below). 

• After the advanced species identification is complete, there will still be some unknown specimens.  If possible, 
field staff will isolate multiple specimens of the same unknown species’ and only send away 1-2 representative 
samples for expert identification.  Note: This is only done if staff are 100% certain that the unknown species are 
the same.  

• If specimens can be refined/reduced so only 1-2 specimens are sent for expert identification of a particular 
unknown, ensure the unique number of the species being sent away indicates exactly which other unknown 
specimens are being represented (eg., 640_ WPD_ Sphagnum sp. – same as 1260_ LS_ Sphagnum sp.; 
590_WPD_ Sphagnum sp.). 

 

Timeline for Laboratory Training, Sorting and Identification 

Overview 
The laboratory component to ABMP field work is designing for maximum efficiency based on each field crew 
having one month (August) to sort specimens. A great deal of focus is required by field staff for them to process and 
sort all the year’s field collections within one month.  If the following steps are followed however, all field staff 
should be able to attain the daily and weekly goals.  

Week 1: Training 

Day 1: Goals and Expectations 
• ABMP staff will understand the ecology and forms of bryophytes.   
• Staff will know the parts (characteristics) and terminology of bryophytes that will help them identify species.   
• Staff will handle and know how to separate, sort, and identify select species of Pleurocarpus mosses and 

identify the difference between the 4 bryophyte growth forms. 

Bryophyte Training and Sorting Specimens 
Introduction to Bryophytes 
1. Read Mosses, Lichens and Ferns of Northwest North America: Their Structure and Biology. Vitt et.al. 

(1988) – Pages 32-38. 
Moss/Liverwort Growth Forms 
1. Read Mosses, Lichens and Ferns of Northwest North America: Their Structure and Biology. Vitt et. al. 

(1988) – Pages 32-38. 
2. Read Appendix 2: Morphology and Morphological Variation of the Mosses: Collected Diagrams. 

Compiled by J. Doubt. 
3. See Appendix 1: Moss/Liverwort Growth Form Chart 
4. Look at Reference collection. 
Terminology 
1. Read Appendix 3: Basic Bryophyte Terminology 
Sorting ABMP Bryophyte Collections 
1. Read Appendix 5: Selected Species for Identification (Section 1) – Pages 26-35  (This appendix is 

ordered by ease of identification and should be followed in the order it appears) 
2. Sort through “unknown” Pleurocarpus specimens in collections (in pairs) using the reference collection 

and knowledgeable bryophyte staff as aids.  

Quality Control 
• If returning staff members (2nd or 3rd year technician) are confident in their species identification after 

reviewing the material, they can start to sort an ABMP site.   
• New field staff must review the appropriate material and/or acquire assistance from knowledgeable field 

staff or the field coordinator before starting the sorting.  
• Depending on how quickly staff learn the species, they may choose to not start sorting until day 2. 
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• A skilled bryologist (bryophyte expert, field coordinator, or returning technician with ≥2 year’s 
experience) will verify all species identifications for the first 2 sites of every returning field staff to 
ensure specimens are accurately determined. 

 

Days 2-3: Goals and Expectations 
• Staff will understand how to identify 9 Pleurocarpus mosses and 5 Acrocarpus mosses selected for 

identification.  
• Staff will learn the basic characteristics for identifying 6 different Genera.  
• ABMP staff will understand how to sort mosses into known Genus groups and further into specific 

morphological categories.  Remaining specimens that do not fit into known categories are sorted as 
‘unknown Pleurocarp’ or ‘unknown Acrocarp’.   

• Staff will be able to identify between thaloid and foliose liverworts and identify 1 and 2 species of each, 
respectively. 

Bryophyte Training and Sorting Specimens  
Pleurocarpus Mosses 
1. Review Appendix 5: Selected Species for Identification (Section 1) – Pages 26-25 
Acrocarpus Mosses 
1. Read Appendix 5: Selected Species for Identification (Section 2) – Pages 36-41 
2. Sort through “unknown” Pleurocarpus and Acrocarpus specimen collections (in pairs) using the 

reference collection and knowledgeable bryophyte staff as aids. 
 Liverworts 

1. Read Mosses, Lichens and Ferns of Northwest North America: Their Structure and Biology. Vitt et. al. 
(1988) – Pages 140-142 

2. Read Appendix 5: Selected Species for Identification (Section 3) – Pages 42-44 
 Sorting Mosses by Genus 

1. Read Appendix 5: Selected Species for Identification (Section 4) – Pages 45-49 

Quality Control 
• A skilled bryologist (bryophyte expert, field coordinator, or returning technician with ≥2 year’s 

experience) will verify all pleurocarpus, acrocarpus, and liverwort species identifications during training 
to ensure accuracy to ≥95%.  Returning staff who have started sorting ABMP sites will have all species 
identifications verified for the first 2 sites to ensure accuracy to ≥95%. 

• A skilled bryologist will verify all Genus and morphological groupings during training to ensure 
consistency. 

• Staff having trouble achieving the minimum standard will acquire assistance from a returning technician 
with ≥2 year’s experience or the field coordinator before moving on to sorting ABMP sites. 

 

Days 4-5: Goals and Expectations 
• ABMP staff will be familiar with all bryophyte growth forms, capable of identifying 17 predetermined moss 

and liverwort species, and sorting the remaining mosses into Genus groups with ≥95% accuracy.  
• Staff will be able to sort through ABMP collection bags, record identified species onto datasheets, and sort 

remaining unknown specimens into envelopes.  
• Staff will be able to consistently label envelopes for further processing 
• Staff will retain a voucher specimen of all positively identified species for each ABMP site. 
• Each staff member should have at least one ABMP site completely sorted. 

Bryophyte Training and Sorting Specimens  
 Liverworts 

1. Differentiate between Foliose and Thalloid Liverworts using Mosses, Lichens and Ferns of Northwest 
North America. Vitt et. al. (1988) and the reference collection. 



 7

Labelling Envelopes for Further Processing 
1. Read Appendix 4: Labelling of Envelopes for Unknown and Reference Specimens – Page 25 
Sorting ABMP Bryophyte Collections 
1. Begin sorting ABMP site collections (in pairs) 

Quality Control 
• A skilled bryologist (bryophyte expert, field coordinator, or returning technician with ≥2 year’s 

experience) will verify all species identifications during training and the first site sorted in pairs to 
ensure accuracy to ≥95%.   

• A skilled bryologist will verify all Genus and morphological groupings to ensure consistency. 
• Staff having trouble achieving the minimum standard will acquire assistance from a returning technician 

with ≥2 year’s experience or the field coordinator before moving on to sorting ABMP sites individually. 
• Returning technician with ≥2 year’s experience or the field coordinator will verify all species 

determinations made by other staff for their first 2 ABMP sites to ensure accuracy to ≥95%. 
• Returning technician with ≥2 year’s experience (or the field coordinator) will verify each other’s first 2 

ABMP sites to ensure accuracy to ≥95%. 
 

Week 2: Sorting and Basic Identification 

Goals and Expectations 
• Based on the training and instructional guidelines learned from week 1, ABMP field staff should begin 

sorting ABMP sites at an average rate of one site/day. 
• Each staff member should have completed the sorting and identification of 5 (or more) ABMP sites between 

the 6th and 10th day in the laboratory. 

Quality Control 
• A skilled bryologist will verify 25% of the voucher specimens for 2 randomly selected ABMP sites 

sorted by each field staff to ensure accuracy to ≥95%. 
• A skilled bryologist will verify 25% of Genus and morphological groupings for 2 randomly selected 

ABMP sites sorted by each field staff to ensure accuracy to ≥95%. 
 

Week 3: Sorting and Basic Identification  

Goals and Expectations 
• ABMP field staff should be more efficient at sorting bryophytes and increase their average rate to 2 

sites/day. 
• Staff should have completed the sorting and identification of 15 or more ABMP sites between the 11th and 

15th day in the laboratory. 

Quality Control 
• A skilled bryologist will verify 25% of voucher specimens for 2 randomly selected ABMP sites sorted 

by each field staff to ensure accuracy to ≥95%. 
 

Week 4: Reduction of Sorted Specimens and Advanced Species Identification  

Goals and Expectations 
• Staff will examine all envelopes of the same Genus groups to reduce (where obvious) the number of 

similar/duplicate “unknown” species to be sent for expert identification.   
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• Staff will isolate potential specimen envelopes (i.e., particular Genuses) from the sorted envelopes for further 
identification.   

• From the isolated envelopes, each staff member will be assigned a specific Genus to work with and attempt 
to ID a further 2-4 species from that Genus.   

• Staff will continue advanced identification until the end of August. 

Schedule 
Day 1  

1. Sort envelopes of all species into Genus or broader groups.  
2. If possible, identify similar/duplicate species and isolate 1 or 2 specimens for expert identification.  

This process is only done if staff are positive specimens are the same, otherwise all specimens are sent 
to experts. 

3. Re-label reference specimen envelopes to include identification of specimens not being sent for expert 
identification (continuity) – See Appendix 4 

Day 2 – 5 
1. Staff members choose a Genus to work with: Dicranum or Polytrichum 
2. Read Appendix 5: Selected Species for Advanced Identification (Section 5) – Pages 50-60 
3. Review reference collection of selected species 
4. Examine and identify (when possible) specimens from the sorted envelopes containing species from 

your chosen Genus for advanced species identification. 
5. Ensure all remaining specimen envelopes are prepared to be sent to an expert for further species 

identification.   

Quality Control 
• A skilled bryologist will verify all advanced species identifications for the first 25 specimens sorted by 

each field staff to ensure accuracy to ≥95%. 
• On the 2nd last day, a skilled bryologist will verify 25 of the voucher specimens sorted by each field 

staff to ensure accuracy to ≥95%. 
 

Expert Identification of Difficult Specimens 
• Send all unknown specimen envelopes, via registered mail or courier service, to an expert in bryophyte 

taxonomy.   
• Most specimens are to be identified to species.  Species names must be determined based on the Species 

References/Authorities listed below.  
• There are however, a few exceptions to species level identifications: 

o Brachythesium – to Genus only  
o Bryum – to Genus only 
o Damaged specimens or those too small for determinations should only be taken to Genus (use 

discretion). 
• Specimens must be identified with ≥95% accuracy. 
• Experts ensure a voucher specimen is retained from species determinations.  This may include isolating a 

particular species from a “clump” of species to obtain the voucher. 
• Write the species name directly on the envelope, including a separate name for each unique specimen number.   
• If additional reference literature was needed to determine the species name, note this additional literature on the 

label. 
• Experts return the specimen envelopes to the ABMP field coordinator, via the same method, with the species 

determinations written directly on the envelope. 
• Experts also email a digital copy of species determinations to the field coordinator, in a format suitable to the 

field coordinator. 
• The field coordinator ensures the species’ 7-letter codes are added to the electronic data base.  
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Expert Credibility  
• The ABMP will select experts who are experts for byrophytes found in Alberta.  To ensure the highest of 

standards, and to maintain ABMP’s level of credibility, the ABMP will only select experts who can meet at 
least one of the following criteria: 
1. Expert is endorsed by the Royal Alberta Museum, or an associated museum (i.e., Canadian Museum of 

Nature, etc.), as capable of identifying bryophyes with ≥95% accuracy. 
2. Expert is endorsed by 2 members of the scientific community, recognized in the field of bryology, and 

capable of identifying bryophyes with ≥95% accuracy. 
3. Expert completes an ABMP certification exam consisting of 200 known bryophyte specimens from >50 

species, and from at least 10 broadly separated areas throughout Alberta.  The expert must identify the 
specimens with an accuracy of ≥95% (i.e., maximum 10 wrong) to pass the exam. 

Verification Process 
• Specimens that have been identified by experts will undergo a verification process by their peers to ensure 

accuracy. 
• For each expert identifying ABMP bryophytes, 10% of the identified specimens (up to a maximum of 300) 

will be randomly selected for verification. 
• The ABMP field coordinator re-labels each specimen with a reference number and sends the specimens to a 

second expert that meets the above credibility criteria. 
• The second expert identifies the specimens and records the species name beside the matching reference 

number on the data sheet. 
• The second expert than ships the specimens back to the ABMP, and emails the data sheet to the ABMP field 

coordinator.  
• The ABMP field coordinator compares the data between the two experts.  
• Discrepancies are reviewed by both experts (plus additional experts if necessary) to determine the 

identification based on the most recent literature. If a discrepancy can not be resolved, the specimen in 
question will be recorded in the database at the lowest taxonomic level that is agreed upon by the experts. 

• If, after all discrepancies have been resolved, there is ≥5% error on the part of the initial taxonomic expert, 
then the genera/species with many miss identifications are highlighted.  All individuals the initial expert 
identified from the highlighted species are re-identified to confirm their identity. 

Specimen Storage 
• Species that are identified are stored in the envelopes for 2 years by the ABMP.   
• After 2 years, all envelopes with specimens, and all residual specimens in the microhabitat bags, are given to the 

Royal Alberta Museum.   
• The ABMP, however, will retain enough reference specimens of each species plus additional specimens for 

training purposes. 
 

Species References/Authorities 
• Yet to be decided 
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Appendix 1: ABMP Simplified Flow Chart to Sorting and Species Identification 
 
1) Acrocarpus 

  
 
 
 
 
 
 
 
 
 

Sort by Genus Group: 
• Pohlia spp. 
• Ceratodon spp. 
• Dicranum spp. 
• Mniaceae spp. 
• Orthotrichum spp. 
• Plagiomnium spp. 
• Polytrichum spp. 
• Sphagnum spp. 

 
Species to be ID’ed: 
 
1. Aulacomnium palustre 
2. Ceratodon purpurescens 
3. Dicranum polysetum* 
4. Dicranum undulatum* 
5. Dicranum flagellare* 
6. Dicranum fragilifolium* 
7. Pohlia nutans 
8. Polytrichum juniperinum* 
9. Polytrichum commune* 
10. Polytrichum strictum* 
11. Polytrichum piliferum* 
12. Orthotrichum obtusifolium 
13. Tetraphis pellucida 

2) Pleurocarpus 
 
 
 
 
 
 
 
 
 
 
 
Sort by Genus Group: 
• Brachythecium spp. 
• Bryum spp. 
• Pleurozium spp. 
• Hylocomium spp. 
• Ptilium spp. 
• Sanionia spp. 

 
Species to be ID’ed: 
 
1. Pleurozium schreberi 
2. Hylocomium splendens 
3. Ptilium crista-castrensis 
4. Sanionia uncinata  
5. Pylaisiella polyantha 
6. Tomenthypnum nitens 
7. Platygyrium repens 
8. Climacium dendroides 
9. Eurhynchium pulchellum 
 
 

 
 
 

3) Foliose “bearing leaves”  
(Liverworts) 
 
 
 
 
 
 
 
 
 
 

 
Sorted by Genus Group: 
 
• Most of these are sent in 
• Ptilidium spp. 
• Liverwort spp. (general) 

 
Species to be ID’ed: 
 
1. Ptilidium pulcherrium 
2. Ptilidium cilliare 
 
 
 
 
 
 
 
 
 
 
 
 
 

4) Thalloid ‘plants strap like 
& w/o leaves’ (Liverworts) 
 
 
 
 
 
 
 
 
 
 

 
Sorted by Genus Group: 
 
• Most of these are sent in  
 

Species to be ID’ed: 
 
1. Marchantia polymorpha  

 
http://www.geog.ubc.ca/richmond/cit
y/kentmyliaanomala.jpg 

http://www.boga.ruhr-uni-
bochum.de/html/Marchantia.polymorpha.j
a1.jpg 

Note: * denotes species for advanced ID only, do not 
attempt otherwise 



Appendix 2:  Morphology of Moss 
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Appendix 3:  Basic Bryophyte Terminology 
 
 
 
Acrocarpous.  Producing the sporophyte at the end of a stem or main branch, as opposed to pleurocarpous; 

acrocarpous mosses generally grow erect in tufts (rather than mats) and are sparsely 
branched. 

Acute.  Sharply pointed (less than 90˚) 
Alar cells. Cells at the basal angles of a leaf, often differentiated in shape, size or color. 
Androgynous. Bearing male and female sex organs in the same inflorescence  
Appressed. Lying close together or closely applied to the stem. 
Archegonium. The female reproductive organ, a flask-shaped structure producing an egg. 
Auricle:  A bulge or earlike lobe at the basal angels of the leaves. 
Awn:  A bristle or hair point, usually formed by an excurrent costa. 
 
Ceaspitose. Tufted, growing in cushions or sods as opposed to mats. 
Campanulate. Bell-shaped, used in reference to broadly mitrate calyptrae. 
Capillary. Hairlike. 
Capsule.  The spore case, often differentiated into an upper spore-bearing urn and a sterile basal neck. 
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Appendix 4: Labelling of Envelopes for Unknown and Reference Specimens 
 
All specimens that cannot be identified in the laboratory must be isolated from the main collection bag and 
placed into individually labelled envelopes for further processing and/or expert identification.  It is imperative 
that the labelling used for the envelopes be standardized so ABMP staff can easily review the envelopes and 
find certain specimens for advanced identification and potentially reducing duplicate “unknown” specimens.  
 
1) Single Unknown Species – Genus Known   2) Multiple Unknown Species – Genus Known 
 
 
 
 
 
 
 
 
 
 
 
 
3) Group of Species – Species IDed and Unknown  4) Single Species - Unknown 
 
 
 
 
 
 
 
 
 
 
 
For continuity and credibility, the ABMP will collect one specimen of every species ID’ed within a site.  Staff 
will place these specimens into “Pre-Stamped” envelopes containing a unique reference number.  All datasheets 
contain a column for documenting reference numbers (from envelopes) for each specimen chosen as a reference 
for that site.  Species names DO NOT need to be placed on the envelopes because they are already listed on the 
datasheets with the corresponding Ref. #. 
 
5) Example of a Reference Specimen Envelope 6) Example of envelope (3) revised after paring 

down duplications within all sorted envelopes  
 
 
 
 
 
 
 

ABMP Site:  
Date:   
Crew Member:  
Microhabitat:  
Plot:   

 
Brachythecium sp.  

ABMP Site:  
Date:   
Crew Member:  
Microhabitat:  
Plot:   
 

Brachythecium sp. 
Dicranum sp. 

ABMP Site:  
Date:   
Crew Member:  
Microhabitat:  
Plot:   

 
POHLNUT 
DICRFRA 

Dicranum sp. 

ABMP Site:  
Date:   
Crew Member:  
Microhabitat:  
Plot:   

 
Unknown Sp. (Brachythecium like?) 

Moss Specimen: 2006            Ref. # 138 
 

ABMP Site:  
Date:   
Crew Member:  
Microhabitat:  
Plot:   

 
POHLNUT 
DICRFRA 

Dicranum sp. – same as: 
654-TCT-1, 789-TDB-2, 789-TDT-2 



Appendix 5: Selected Bryophyte Species for Identification in the Laboratory 

Section 1: Pleurocarpus Mosses 
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Section 2: Acrocarpous Mosses 
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Section 3: Liverworts 
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Section 4: Identify by Genus 
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Section 5: Advanced Moss Identification 

 



 46 

 
 
 



 47 

 
 
 
 



 48 

 

 



 49 

 

 
 
 
 
 
 
 
 
 
 



 50 

 



 51 

 
 
 



 52 

 
 
 
 
 
 



 53 

 

 
 



 54 

 

 
 



 55 

 


