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A Punched Card Indexing System to Literature for the Biological Research Worker or Institution



        

          A Punched Card Indexing System to Literature for the Biological Research Worker or Institution
        

        
by 
J. F. C. Morgans


Department of Zoology, University of Canterbury

        

          

Individuals and Large Institutions alike have the difficulty of indexing literature under sufficient subject headings to be useful while avoiding laborious procedures. The maturing biologist tends to start a simple card index of references with his thesis and this grows with the years until the unwieldy mass of cards either chokes the system to death or maintenance parasitises its creator of excessive time.

          
It is extraordinary that no better system of recording references has been put forward for graduates to consider at the start of their careers. That set out below is offered to individual researchers as a great advance in the following respects:—

          


	(i)
	
              One card alone suffices for a multiplicity of subject headings (thus saving the tedium of writing a copy for each subject: and reducing the size of the index).
            


	(ii)
	
              Cards do not have to be kept in any special order.
            


	(iii)
	
              A partially remembered reference can be tracked by several routes, i.e. by author, date, subject, format or location.
            


	(iv)
	
              The fact that only one card is used for an article dealing with several subjects means that its reverse can be used to record (a) loan and return of that article or, (b) an abstract of the article.
            


	(v)
	
              Economy of effort encourages possibly useful literature to be indexed without close perusal.
            


          
Institutions have all the problems of the individual worker but multiplied by diversity of staff interests and exaggerated by the



inpouring flood of literature. Many institutions lack a librarian yet, even if one is available, the index is scarcely more helpful than a knowledgable scanning of the shelves. Conventional library indexing is inferior to that set forth here because it is less detailed. In all libraries many valuable articles lie on the shelves unread because unadvertised, and the poorer the library the more important it is to draw an investigator's attention to every article present at well as to important literature than can be found in libraries nearby.

          
Thus, the system below has the same advantages for institutions as it has for individuals with these in addition:—

          


	(vi)
	
              Resources are maximally exploited (further comments on this are given below).
            


	(vii)
	
              The article is easier to find on the shelf than by the usual index system (further comments below).
            


	(viii)
	
              Borrowings are simply recorded, and advertised to all, without requiring a librarian's attention.
            


	(ix)
	
              Stocks on the shelf can be checked against the index very simply, by unqualified staff.
            


	(x)
	
              No great expense in outlay, maintenance or staff is involved.
            


          
The system was designed by the author for the library of the Edward Percival Marine Laboratory, Kaikoura, and expanded by request to include the reprints in the Department of Zoology of the University of Canterbury. The example proffered below is, therefore, zoological with a marine bias but it may serve as a model for adaptation by other biological institutions.

          
The author was astonished to find no existing suitable model that could be used and interest shown in this one suggests that publication would be welcomed. The following account will briefly describe the system and will end with some general comments for guidance. For instructions on how to handle sorting needles, to check card alignment etc., consult Casey, Perry, Kent and Berry (1958) whose book is a mine of information on various punched card systems.

        

        

          
Preparing the System

          
Incoming literature is scanned and articles of interest are indexed. Here, one recognises that much literature is irrelevant to one's interests and a burden to one's library. Books and reprints that are irrelevant are disposed of or segregated from hose that are useful which are indexed. All numbers of relevant journals are kept and each interesting article in them is ticked in the index of the journal and a library index card prepared for it.

          
After being indexed, books, reprints and journals are stamped with the library stamp and shelved. They are divided into three



collections: (1) a book collection, (2) a reprint collection, (3) a collection of journals grouped geographically.

          
The index card is 5in × 8in, purchased ready punched, and then printed as desired (see figure 1).

          
The central ‘box’ of the card is self explanatory and, after its details are entered, clips are made of relevant punched holes in the various peripheral boxes or ‘fields’.

          

Author Field: The author's initial is clipped: in cases of multiple authorship the initial of the senior (first) author is the only one clipped (this simplifies stock-checking).

          

Date Field: A clip of the ‘Pre-20th century’ hole indicates former centuries: nil, one or two clips in the “Decade Sub-Field’ indicate the numbers that must be added together to give the decade: another hole indicates whether the date of publication is in the first half of the decade (unclipped) or the second half (clipped).

          

Format Field: The format of the article determines in which collection of the library it will be placed. Reprints and slim separates go alphabetically into boxes in the reprint collection; books and bulky separates go individually on the shelves in the book collection. [This field (a) tells the investigator where to look and (b) segregates collections for purposes of stock-checking].

          

Location Field: This tells the investigator to which library the article belongs, i.e. a clip of the “E.P.M.L.’ hole means that it is in the library of the Edward Percival Marine Laboratory at Kaikoura: and a clip of the “Zool. Dept.’ hole means that it is in the library of the Zoology Department, University of Canterbury, at Christchurch. The “Elsewhere Sub-field’ indicates, by addition of the clipped numbers, a number between one and fourteen: each of these aggregate numbers corresponds to a library as listed in a master list, e.g.:—


	
1 = Canterbury University Library.


	
2 = Canterbury Museum Library.


	
3 = Royal Society Library at Christchurch.



etc.

          
[This field (a) tells the investigator where to look and (b) is necessary for stock-checking if useful references are indexed that are not actually possessed, e.g. rare books].

          

General Subjects Field: Fifteen holes are numbered and two holes, or numbers, must be clipped to indicate the subject matter of the article according to a dual-number code (see Appendix I). Discretion must be used in clipping when an article embraces several subjects for it is seldom profitable to indicate more than the two (or perhaps three) most important subjects without causing extraneous subjects to be “indicated’, e.g.:— A paper describing underwater diving techniques and then describing the ecology of



observed infratidal rocks as compared to intertidal rocks could be clipped thus:—



	
Subject:
	
Code:


	Methods and Techniques
	1 + 15


	Marine ecology: intertidal rocks
	10 + 14


	Marine ecology: benthos
	10 + 9



          
Extraneous subjects apparently “indicated’ are those corresponding to 1 + 10, 1 + 14, 1 + 9, 15 + 10, 15 + 14, 15 + 9, 14 + 9: an investigator looking for references on any of the subjects to which these codes refer would find the card for this paper, which would be of no interest to him, amongst those selected by the sorting process. A better selection would be:—



	
Subject:
	
Code:


	Methods and Techniques
	1 + 15


	Marine ecology: general
	10 + 15



          
In fact, the coding has been devised to avoid many extraneous indications by using ‘15’ for general categories and avoiding ‘1’ in every instance except in the widely applicable code ‘1 + 15’.

          

Morphology and Taxonomy: Primary and Secondary Sorting Fields: Any number of holes may be clipped in the Primary Field in correspondence with the contents of the article being indexed but a subtle approach is required if the service of the Secondary Field is also desired.

          
The Primary Field is designed to allow an investigator to get references to his general field of interest as simply as possible; the Secondary Field is designed to allow extraction from these references, by a subsequent operation, of a far finer specialisation of interest (see Appendix II).

          
In the Secondary Field a code of two holes, or letters, indicates each subject and the codes for several subjects may be clipped as relevant but with the limitation already mentioned for superimposed coding of this type i.e. that extraneous subjects become ‘indicated’. This limitation means that if several of the holes of the Primary Field are clipped then confusion will result in the Secondary Field.

          
The rules to follow are therefore:—



	(i)
	If reference to the article is desired at a low taxonomic level (necessitating use of the Secondary Field) then only one hole should be clipped in the Primary Field and the Secondary Field should be clipped as necessary (seldom with more than two codes).


	(ii)
	Such articles as faunal lists may profitably cause several holes of the Primary Field to be clipped and the Secondary Field to be ignored.



          


          

            

[image: Fig. 1: The printed punched card used for the Edward Percival Marine Laboratory and Canterbury University Zoology Department libraries (shown here mounted against black background).]
Fig. 1: The printed punched card used for the Edward Percival Marine Laboratory and Canterbury University Zoology Department libraries (shown here mounted against black background).


          

          


          


	(iii)
	
              Books of wide scope such as the ‘Natural Histories’ may simply be indicated by clipping the ‘General morphological texts’ hole.
            


	(iv)
	
              Useful articles such as keys to identification, bibliographies and indices may be indicated by clipping this hole in addition to holes above.
            


        

        

          
Using the System to Find a Reference

          
It is assumed that you want to obtain a sheaf of references to either (a) a group of animals or plants, or (b) a general subject.

          


	(a)
	
              

                
Finding references to a group of animals or plants:
                


	(i)
	
                    Use the Morphology and Taxonomy Primary Sorting Field and with one needle select the relevant group.
                  


	(ii)
	
                    Then use the Morphology and Taxonomy Secondary Sorting Field: with two needles together select the appropriate combination of letters for the sub-group desired.
                  


	(iii)
	
                    You can then group your cards by author's initial or by five year date groups using the appropriate fields.
                  


	(iv)
	
                    Check interesting cards to see where article is (Location Field) and what to look for (Format Field).
                  


              

            


	(b)
	
              

                
Finding references to a General Subject:
                


	(i)
	
                    Use General Subjects Field: with two needles together select appropriate combination.
                  


	(ii)
	
                    You can then group your cards by author's initial or by five year date groups using the appropriate fields.
                  


	(iii)
	
                    Check interesting cards for location and format of literature.
                  


              

            


          

If an article is borrowed: sign and date the back of the appropriate card and put this card in the ‘Loans’ drawer. When the article is returned: enter date of return onto the card and then return the card to the body of the index.

        

        

          
Suggestions for Adaptation of this Model

          
Cards of different colours may be used for libraries of individuals within a department or for the libraries of departments of overlapping interests.

          
The temptation to erect numerous subject categories has to be strenuously resisted. A system that is ‘perfect’ in relation to the subject matter of the literature is unwieldy for hand-sorted cards.

          
The system set out here is a compromise. If the card for an item of literature is given a clip for every possible relevant category then the proportion of unwanted cards that drops during a selection process grows unmanageably large.

          


          
People clipping cards should limit themselves to clips for the most comprehensive and most relevant categories; and people using the index should remember this limitation.

          
When starting an index it is useful to define its purpose and scope so that investigators will know whether or not the literature of their particular field of interest has been indexed, e.g.:—

          

General scope of E.P.M.L. index:— the marine environment and life of New Zealand and adjacent seas extended:



	(a)
	to estuaries and brack water,


	(b)
	to the Antarctic and Sub-antarctic Islands,


	(c)
	to local palaeontology,


	(d)
	to relevant geology, meteorology, botany, etc.



          
A list of journals should be maintained recording for each the earliest and the latest number that have been scanned for indexing.

        

        

          
Reference
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Appendix I: Coding for General Subjects

          

            

              

                
	Methods and techniques
                
	1 + 15
              

              

                
	History and biography
                
	13 + 14
              

              

                
	Geology
                
	13 + 15
              

              

                
	Palaeontology
                
	2 + 3
              

              

                
	Physical and Chemical data
                
	14 + 15
              

              

                
	Expeditions
                
	2 + 13
              

              

                
	Zoogeography
                
	2 + 14
              

              

                
	Deep sea region
                
	2 + 15
              

              

                
	Tropical regions
                
	2 + 7
              

              

                
	Temperate regions
                
	2 + 6
              

              

                
	Polar and sub-polar regions
                
	2 + 5
              

              

                
	Oceanography: general
                
	3 + 15
              

              

                
	Waves and swell
                
	3 + 14
              

              

                
	Marine plankton: general
                
	4 + 15
              

              

                
	Marine plankton: identification of
                
	4 + 14
              

              

                
	Freshwater plankton
                
	2 + 4
              

              

                
	Marine Ecology: general
                
	10 + 15
              

              

                
	Marine Ecology: intertidal rocks
                
	10 + 14
              

              

                
	Marine Ecology: intertidal beaches
                
	10 + 13
              

              

                
	Marine Ecology: harbours
                
	10 + 12
              

              

                
	Marine Ecology: fouling and buoys
                
	10 + 11
              

              

                
	Marine Ecology: benthos
                
	10 + 9
              

              

                
	Marine Ecology: corals
                
	10 + 6
              

              

                
	Marine Ecology: estuarine, brackish and supersaline
                
	10 + 5
              

              

                
	Freshwater Ecology: general
                
	10 + 3


              

              
              

                
	Freshwater Ecology: flowing
                
	2 + 9
              

              

                
	Freshwater Ecology: standing
                
	2 + 10
              

              

                
	Terrestrial ecology
                
	2 + 11
              

              

                
	Conservation and control
                
	2 + 12
              

              

                
	Production, biomass
                
	7 + 15
              

              

                
	Fisheries: general
                
	5 + 15
              

              

                
	Fisheries: fishes
                
	5 + 14
              

              

                
	Fisheries: crustacea
                
	5 + 9
              

              

                
	Fisheries: molluscs
                
	5 + 13
              

              

                
	Fisheries: whaling
                
	5 + 12
              

              

                
	Fisheries: sealing
                
	5 + 11
              

              

                
	Statistical methods: general
                
	6 + 15
              

              

                
	Population dynamics and studies
                
	6 + 14
              

              

                
	Speciation and evolution
                
	6 + 13
              

              

                
	Competition
                
	6 + 12
              

              

                
	Genetics
                
	6 + 11
              

              

                
	Life histories and breeding
                
	6 + 9
              

              

                
	Taxonomy: principles and procedures
                
	6 + 8
              

              

                
	Physiology and anatomy: general
                
	8 + 15
              

              

                
	Physiology and anatomy: special senses
                
	8 + 14
              

              

                
	Physiology and anatomy: nervous system
                
	8 + 13
              

              

                
	Physiology and anatomy: digestive system
                
	8 + 12
              

              

                
	Physiology and anatomy: locomotion
                
	8 + 11
              

              

                
	Physiology and anatomy: skeletal system
                
	8 + 10
              

              

                
	Physiology and anatomy: muscular system
                
	8 + 9
              

              

                
	Physiology and anatomy: endocrine system
                
	8 + 7
              

              

                
	Physiology and anatomy: blood system
                
	8 + 5
              

              

                
	Physiology and anatomy: reproduction
                
	8 + 4
              

              

                
	Physiology and anatomy: feeding methods
                
	3 + 4
              

              

                
	Physiology and anatomy: osmoregulation
                
	3 + 5
              

              

                
	Physiology and anatomy: excretion
                
	3 + 6
              

              

                
	Physiology and anatomy: respiration
                
	3 + 7
              

              

                
	Embryology
                
	8 + 3
              

              

                
	Parasitism, commensalism, etc.
                
	9 + 15
              

              

                
	Migration
                
	9 + 14
              

              

                
	Orientation, taxes, tropisms, etc.
                
	9 + 13
              

              

                
	Social and sexual behaviour
                
	9 + 12
              

              

                
	Biochemistry
                
	9 + 3
              

              

                
	Pathology
                
	11 + 15
              

              

                
	Cytology and histology
                
	12 + 15
              

            

          

        

        

          
Appendix II: Coding of Morphology and Taxonomy: Secondary Field

          

            

              

                
	
                  
Viruses, Bacteria
                
                
	
              

              

                
	Viruses
                
	A + T
              

              

                
	Bacteria
                
	A + S


              

              
              

                
	
                  
Plants
                
                
	
              

              

                
	Plants: general
                
	B + T
              

              

                
	Myxomycetes
                
	B + S
              

              

                
	Algae: general
                
	B + R
              

              

                
	Myxophyceae
                
	B + Q
              

              

                
	Chlorophyceae
                
	B + P
              

              

                
	Phaeophyceae
                
	B + N
              

              

                
	Rhodophyceae
                
	B + M
              

              

                
	Diatomacea
                
	B + L
              

              

                
	Fungi
                
	B + K
              

              

                
	Lichenes
                
	B + J
              

              

                
	Bryophyta
                
	B + H
              

              

                
	Pteridophyta
                
	B + G
              

              

                
	Spermatophyta
                
	B + F
              

              

                
	
                  
Protozoa
                
                
	
              

              

                
	Protozoa: general
                
	C + T
              

              

                
	Flagellata: Phytomastigina
                
	C + S
              

              

                
	Flagellata: Zoomastigina
                
	C + R
              

              

                
	Sarcodina
                
	C + Q
              

              

                
	Sporozoa: Telosporidia
                
	C + P
              

              

                
	Sporozoa: Neosporidia
                
	C + N
              

              

                
	Ciliophora: Ciliata
                
	C + M
              

              

                
	Ciliophora: Suctoria
                
	C + L
              

              

                
	
                  
Parazoa, Coelenterata
                
                
	
              

              

                
	Porifera: general
                
	D + T
              

              

                
	Porifera: Calcarea
                
	D + S
              

              

                
	Porifera: Hexactinellida
                
	D + R
              

              

                
	Porifera: Demospongiae
                
	D + Q
              

              

                
	Coelenterata: general
                
	E + T
              

              

                
	Hydrozoa: general
                
	E + S
              

              

                
	Hydrozoa: Calyptoblastea
                
	E + R
              

              

                
	Hydrozoa: Gymnoblastea
                
	E + Q
              

              

                
	Hydrozoa: Hydrida
                
	E + P
              

              

                
	Hydrozoa: Trachylina
                
	E + N
              

              

                
	Hydrozoa: Hydrocorallina
                
	E + M
              

              

                
	Hydrozoa: Siphonophora
                
	E + L
              

              

                
	Scyphozoa: general
                
	E + K
              

              

                
	Scyphozoa: Stauromedusae
                
	E + J
              

              

                
	Scyphozoa: Discomedusae
                
	E + H
              

              

                
	Actinozoa: general
                
	E + G
              

              

                
	Actinozoa: Alcyonaria
                
	E + F
              

              

                
	Actinozoa: Zoantharia
                
	E + D
              

              

                
	Ctenophora
                
	E + C


              

              
              

                
	
                  
Platyhelminthes, Nemertea
                
                
	
              

              

                
	Platyhelminthes: general
                
	F + T
              

              

                
	Turbellaria: general
                
	F + S
              

              

                
	Turbellaria: Acoela
                
	F + R
              

              

                
	Turbellaria: Rhabdocoela
                
	F + Q
              

              

                
	Turbellaria: Alloiocoela
                
	F + P
              

              

                
	Turbellaria: Tricladida
                
	F + N
              

              

                
	Turbellaria: Polycladida
                
	F + M
              

              

                
	Trematoda: general
                
	F + K
              

              

                
	Trematoda: Monogenea
                
	F + J
              

              

                
	Trematoda: Digenea
                
	F + H
              

              

                
	Cestoda: general
                
	F + G
              

              

                
	Nemertea: general
                
	F + C
              

              

                
	
                  
Other Acoelomates
                
                
	
              

              

                
	Nematoda: general
                
	G + T
              

              

                
	Nematomorpha
                
	G + S
              

              

                
	Acanthocephala
                
	G + R
              

              

                
	Rotifera
                
	G + Q
              

              

                
	Gastrotricha
                
	G + P
              

              

                
	Kinorhynchia
                
	G + N
              

              

                
	Priapulida
                
	G + M
              

              

                
	Endoprocta
                
	G + L
              

              

                
	
                  
Annelida
                
                
	
              

              

                
	Annelida: general
                
	H + T
              

              

                
	Polychaeta
                
	H + S
              

              

                
	Oligochaeta
                
	H + R
              

              

                
	Hirudinea: general
                
	H + Q
              

              

                
	Archiannelida
                
	H + L
              

              

                
	Echiuroidea
                
	H + K
              

              

                
	Sipunculoidea
                
	H + J
              

              

                
	
                  
Crustacea
                
                
	
              

              

                
	Crustacea: general
                
	J + T
              

              

                
	Branchiopoda
                
	J + S
              

              

                
	Ostracoda
                
	J + R
              

              

                
	Copepoda
                
	J + Q
              

              

                
	Branchiura
                
	J + P
              

              

                
	Cirripedia
                
	J + N
              

              

                
	Mystacocarida
                
	J + M
              

              

                
	Leptostraca
                
	J + L
              

              

                
	Stomatopoda
                
	J + K
              

              

                
	Syncarida
                
	J + G
              

              

                
	Mysidacea
                
	J + D
              

              

                
	Cumacea
                
	J + C
              

              

                
	Tanaidacea
                
	J + A


              

              
              

                
	Isopoda
                
	K + T
              

              

                
	Amphipoda
                
	K + S
              

              

                
	Euphausiacea
                
	K + R
              

              

                
	Decapoda
                
	K + Q
              

              

                
	
                  
Insecta
                
                
	
              

              

                
	Insecta: general
                
	L + T
              

              

                
	Collembola, Thysanura, Diplura, Protura
                
	L + S
              

              

                
	Neuroptera, Odonata
                
	L + R
              

              

                
	Plecoptera
                
	L + O
              

              

                
	Ephemeroptera
                
	L + Q
              

              

                
	Trichoptera
                
	L + P
              

              

                
	Orthoptera, Dermaptera
                
	L + N
              

              

                
	Isoptera
                
	L + V
              

              

                
	Coleoptera: general and Adephaga
                
	L + M
              

              

                
	Coleoptera: Scarabaeoidea, Cerambycoidea, Chrysomeloidea and Curculionoidea
                
	L + K
              

              

                
	Coleoptera: other Polyphaga
                
	L + D
              

              

                
	Hemiptera
                
	L + A
              

              

                
	Mallophaga, Siphunculata, Thysanoptera, Psocoptera
                
	L + W
              

              

                
	Hymenoptera
                
	I + A
              

              

                
	Lepidoptera
                
	I + B
              

              

                
	Diptera: general and Nematocera
                
	I + C
              

              

                
	Diptera: Brachycera
                
	I + D
              

              

                
	Diptera: Cyclorrhapha
                
	I + E
              

              

                
	
                  
Myriapoda, Arachnida
                
                
	
              

              

                
	Myriapoda: general
                
	M + T
              

              

                
	Myriapoda: Chilopoda
                
	M + S
              

              

                
	Myriapoda: Diplopoda
                
	M + R
              

              

                
	Chelicerata: general
                
	M + V
              

              

                
	Merostomata
                
	M + W
              

              

                
	Arachnida: general
                
	M + Q
              

              

                
	Arachnida: Araneida
                
	M + P
              

              

                
	Arachnida: Acarina
                
	M + N
              

              

                
	Arachnida: Phalangida
                
	M + K
              

              

                
	Arachnida: Pycnogonida
                
	M + D
              

              

                
	
                  
Other Arthropoda
                
                
	
              

              

                
	Onychophora
                
	N + T
              

              

                
	Trilobita
                
	N + S
              

              

                
	
                  
Mollusca
                
                
	
              

              

                
	General
                
	O + A
              

              

                
	Amphineura
                
	O + B
              

              

                
	Gastropoda: general
                
	O + C
              

              

                
	Gastropoda: Prosobranchia
                
	O + D
              

              

                
	Gastropoda: Opisthobranchia
                
	O + E


              

              
              

                
	Gastropoda: Pulmonata
                
	O + F
              

              

                
	Scaphopoda
                
	O + G
              

              

                
	Bivalvia
                
	O + H
              

              

                
	Cephalopoda
                
	O + I
              

              

                
	
                  
Other Coelomates
                
                
	
              

              

                
	Ectoprocta
                
	P + Z
              

              

                
	Brachiopoda
                
	P + X
              

              

                
	Chaetognatha
                
	P + V
              

              

                
	Pogonophora
                
	P + U
              

              

                
	Phoronida
                
	P + T
              

              

                
	
                  
Echinodermata
                
                
	
              

              

                
	General
                
	Q + Z
              

              

                
	Asteroidea
                
	Q + Y
              

              

                
	Ophiuroidea
                
	Q + X
              

              

                
	Somasteroidea
                
	Q + W
              

              

                
	Echinoidea
                
	Q + V
              

              

                
	Holothuroidea
                
	Q + T
              

              

                
	Crinoidea
                
	Q + R
              

              

                
	Other Pelmatozoa
                
	Q + P
              

              

                
	
                  
Protochordates
                
                
	
              

              

                
	General
                
	R + Z
              

              

                
	Hemichorda: general
                
	R + Y
              

              

                
	Hemichorda: Enteropneusta
                
	R + X
              

              

                
	Hemichorda: Pterobranchia
                
	R + W
              

              

                
	Hemichorda: Graptolita
                
	R + V
              

              

                
	Urochorda: general
                
	R + U
              

              

                
	Urochorda: Larvacea
                
	R + T
              

              

                
	Urochorda: Ascidiacea
                
	R + S
              

              

                
	Urochorda: Thaliacea
                
	R + P
              

              

                
	Cephalochorda
                
	R + C
              

              

                
	
                  
Vertebrata
                
                
	
              

              

                
	General
                
	R + N
              

              

                
	Fishes: general
                
	S + Z
              

              

                
	Fishes: Agnatha (fossil)
                
	S + Y
              

              

                
	Fishes: Agnatha: Cyclostomata
                
	S + Y
              

              

                
	Fishes: Placodermi
                
	S + W
              

              

                
	Fishes: Elasmobranchii
                
	S + V
              

              

                
	Fishes: Actinopterygii: general
                
	S + U
              

              

                
	Fishes: Actinopterygii: Palaeoniscoidei
                
	S + T
              

              

                
	Fishes: Actinopterygii: Chondrostei
                
	S + Q
              

              

                
	Fishes: Actinopterygii: Holostei
                
	S + P
              

              

                
	Fishes: Teleostei
                
	S + O
              

              

                
	Fishes: Crossopterygii
                
	S + I
              

              

                
	Amphibia: general
                
	T + Z


              

              
              

                
	Amphibia: Stegocephalia
                
	T + Y
              

              

                
	Amphibia: Urodela
                
	T + X
              

              

                
	Amphibia: Anura
                
	T + W
              

              

                
	Amphibia: Apoda
                
	T + V
              

              

                
	Reptilia: general
                
	T + U
              

              

                
	Anapsida: Chelonia
                
	U + X
              

              

                
	Parapsida: general
                
	U + Y
              

              

                
	Diapsida: general
                
	U + Q
              

              

                
	Rhynchocephalia
                
	U + Z
              

              

                
	Fossil Squamata, Phytosauria
                
	U + V
              

              

                
	Fossil Lacertilia
                
	U + O
              

              

                
	Fossil Serpentes
                
	U + N
              

              

                
	Fossil Archosauria
                
	T + I
              

              

                
	Fossil Crocodilia
                
	U + W
              

              

                
	Fossil Synapsida
                
	T + O
              

              

                
	Aves: general
                
	U + M
              

              

                
	Archaeornithes, Odontognathae, Palaeognathae
                
	U + L
              

              

                
	Impennae
                
	U + K
              

              

                
	Procellariiformes
                
	U + J
              

              

                
	Pelecaniformes
                
	U + I
              

              

                
	Mammalia: general
                
	V + Z
              

              

                
	Prototheria, Allotheria, Pantotheria
                
	V + Y
              

              

                
	Marsupiala
                
	V + X
              

              

                
	Insectivora
                
	V + W
              

              

                
	Chiroptera
                
	H + U
              

              

                
	Primates
                
	H + V
              

              

                
	Carnivora: Fissipedia
                
	H + W
              

              

                
	Carnivora: Pinnipedia
                
	H + X
              

              

                
	Proboscidea
                
	H + Y
              

              

                
	Sirenia
                
	H + Z
              

              

                
	Perissodactyla
                
	I + J
              

              

                
	Artiodactyla
                
	I + K
              

              

                
	Edentata, Pholidota, Tubulidentata
                
	I + L
              

              

                
	Cetacea
                
	I + M
              

              

                
	Rodentia
                
	I + N
              

              

                
	Lagomorpha
                
	I + P
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          The Biological and Economic Importance of Algae, Part I
        

        
by 
H. W. Johnston


Botany Department, Victoria University of Wellington

        

          

This Series of articles is designed to give those students previously unfamiliar with algae an introduction to their importance and uses. It is not intended to refer to all the published information available; but sufficient will be presented to generate — it is hoped — a greater interest in these intriguing plants. In this way it may be possible to salvage much of a student's algal knowledge and prevent its being heaved overboard immediately after examinations because the subject matter consisted of cellular and reproductive detail devoid of any interest or relation to life. Most lecture material of this latter type is soon lost by a student and little is retained to add to that accumulating snowball of knowledge we usually call education. In the writer's opinion such a loss represents a horrible waste of time and energy as well as being the peak of teaching inefficiency.

          
Many students can pass the algal course in botany by learning classification, life cycles and other microscopic details; but are they any the wiser for their labours? Do they really appreciate the roles of the algae in this world of ours and how they affect the lives of man, beast and plants? And do they really understand what the algae do for us? Do they comprehend for instance the fundamental importance of marine planktonic algae? Or why the blue-greens are vital to food production in some of the highly populated areas of the world? Or how sewage — obviously an ever increasing problem with ever increasing numbers of mouths — can by algae be converted from waste to worth? These and other phenomena are so gravid with interest that if used to excite a student's imagination they should surely sustain him through the duller labours of the algal course and make him feel more happily disposed to cope with the normal tedium of the subject. Such information on applied aspects could act as a condiment for an otherwise rather unpalatable diet. It could also show the student that the study of these plants should not be regarded solely as one more topic for ordeal by examination but that the algae have a relation to life, and because of this deserve to be remembered long after the necessity of learning them for examinations has passed.

        

        


        

          
Introduction

          
Among the autotrophic plants at least — and possibly within the whole of the plant kingdom, the algae are unexcelled for variation in structure, range of habitat and diversity of role. There are excellent texts dealing with their structure and reproduction and much has been written about their ecology; but it is not easy to locate assembled information on their roles in the biological world and of their impact on man, plants and other animals. They affect us in numerous and unsuspected ways, and only after collecting much information on this diversity of role will we be able to construct a full panorama of just how important they are. Let us not underestimate their importance on the grounds that most are microscopic. What they lack in size, they make up for in numbers — and herein lies the secret of their success in performing tasks which appear to us incredible.

          
It would be much easier to comprehend this diversity of role-playing among algae if we could classify these roles in such a way that groupings by function or habitat corresponded with physiological differences. Unfortunately this classification cannot yet be made. Our ignorance of algal physiology at the present time prevents our performing this synthesis of natural fact and fundamental function.

          
However, an attempt should be made to correlate these reported natural facts if we wish to obtain an overall picture of the significance of algae. Appreciation might also be quicker and more embracing were we to devise a framework on which to hang the various fragments of this bolus of factual matter. In the absence of a natural system of classification, we must construct an artificial one; and perhaps the simplest springs from man's anthropocentric attitude — since he fancies himself the centrepiece of the biological world and all things else as useful to him or not.

          
Adopting the criteria of utility and nuisance, then, we have a temporary framework for assembling information on the biological and economic importance of the algae. A certain amount of classification thus becomes possible; and at least this is a start in marshalling into some order the widely scattered pieces of a mosaic never yet assembled in its entirety. Although this framework is highly artificial and will no doubt be imperfect, it can serve meantime as an assembly line for attaching bits and pieces of information as they come to hand from the production lines of literature and experience. When sufficient data have been collected, it may be possible to reclassify these roles using criteria more closely related to fundamental functioning. This is to be hoped for and will be very welcome if achieved because then we may be able to discern some connections between cause and



effect. In the meantime we must press on with the proposed system in all its artificiality.

          
Rarely does a system of biological classification work perfectly — generally some compromise must be made. It would be unwise therefore to use this framework as a Procrustean bed to which all relevant detail must be racked and made to fit. This could result in distortion. It is better to include one more category to accommodate those items which do not readily fall within the compass of the existing headings. These misfits are to be found appropriately enough under the title of ‘Flotsam and Jetsam.’

          
So, the major breakdown of the subject matter appears as follows — with some indications of sub-headings:—



	1
	Algae in useful roles.e.g. as a source of organic matter, food, chemicals; in soil colonization; etc.


	2
	Algae in nuisance roles.e.g. in water contamination; as a cause of poisoning; as parasites; etc.


	3
	Flotsam and Jetsam.e.g. thermal algae; algae in art and medicine; etc.



          
Finally, the reader must always bear in mind that this series of articles could not be written were it not for the fact that many other scientists have done the basic research work and published their results. Theirs has been the more arduous job. Perhaps the greater magnitude of their part as distinct from the writer's can be set in its true perspective in the manner of Montaigne who once wrote: ‘I have gathered a posie of other men's flowers and nothing but the thread that binds them is my own.’

          
The author sincerely hopes that sins of distortion or misrepresentation have not been committed during this binding process.

        

        

          
(1) 
Algae in Useful Roles

          

            
(a) Algae as Producers of Organic Matter

            

              
Since algae are autotrophic plants, they share with the remaining more advanced autotrophic members of the Plant Kingdom the capacity to synthesize complex organic molecules out of carbon dioxide and water, using various other major and minor elements in the process. This process — the biochemical kingpin of life on our planet — is called photosynthesis. On the unceasing performance of this process hangs the continuity of all animal life — which is utterly dependent on the plant world. Directly or ultimately, land animals depend on land plants for food and aquatic animals rely similarly on algae as their basic source of chemically-bound sunshine and hence energy.

              


              
Let us diverge for a while to take a look at the very fundamental implications of this process called photosynthesis — the prerogative solely of the plant kingdom. This is the term applied to a set of reactions carried out in green plants whereby a simple gas of the air, carbon dioxide, is converted into much more complex compounds among which sugars, starch and oils are most important. Carbon as it exists in carbon dioxide is in its most highly oxidised state whereas it is partially reduced when found in sugars, starch, oils and indeed every form of organic matter. To synthesize these reduced complex compounds of carbon the plants require energy, and this comes from sunlight. Animals including ourselves and the non-green plants such as fungi consume this organic matter in some form or other and in the process of digestion break these compounds down again. The purpose of this break-down is to release the built-in sunlight energy which is then used to drive the cellular machinery and life processes of the animal kingdom and the non-green plants. So, plants photosynthesize organic matter and in doing so harness energy: animals degrade (or ‘desynthesize’) organic matter and release energy.

              
We must regard organic matter not only as a hotch-potch of complex organic chemicals but as a colossal lay-by or stockpile of available energy for the biological world. The more that is stock-piled the greater the animal populations that can be sustained, so that as far as humans are concerned the interdependence of this energy stock-pile and animal population is synonymous with food supply. The existence of animal life on earth is related to the amount of reduced carbon. In terms of a bank-balance of reserve biological energy, the amount of credit is synonymous with the surplus of reduced carbon over and above that used by animals and non-green plants. One cannot envisage a time or circumstance when the world will be ‘in the red’ for reduced carbon; but on one point we can be quite sure — we will never be alive to see this happen because all life on earth will quickly disappear the moment an overdraft of this commodity is established.

              
From this detour in our story, a couple of points emerge which must be kept in mind so as to get the correct perspective on what is to follow. Firstly, green plants (or more correctly, those containing the pigments capable of initiating photosynthesis) are the only organisms in the world which can synthesize complex organic matter from simple inorganic substances in sufficient quantities to bring about a surplus: and secondly, surplus of this organic matter is synonymous with available energy on which the rest of the biological world is absolutely dependent. It is necessary to reorient our thinking along these lines; and having done this, we are in a better position to appreciate the fundamental importance of the algae in the biological scheme of things.

              


              
The proportion of our earth occupied by permanent water — fresh and marine — exceeds 71% of the total earth's surface; and except for a few freshwater ferns and seed plants, this is the undisputed and botanically uncontested domain of the algae, since they are predominantly water-plants. Because the algae are photosynthetic they must be synthesizing throughout this aquatic environment enormous quantities of organic matter — in other words, their contribution to the credit side of the biological bank-balance of energy must be colossal. This association of the ideas of the aquatic habit of algae and the vast aquatic surfaces of the earth leads to the posing of two questions: the first is — ‘How much organic matter is produced by the algae?’, and the second — ‘What happens to all this organic matter?’. The answer to the first question forms the subject matter of this present article; but the answer to the second is much more diffuse and will be found scattered throughout the rest of this series of articles. This first part is designed to enable you to achieve some realization of the quantities of organic matter estimated to be produced by algae, and meanwhile only sufficient reference will be made to its fate to fill out the story and set the scene for what comes later.

              
This organic matter can be divided into two major groups — as follows:—



	(a)
	materials which are retained by the algal cells and built into cell material and food reserves for increase in cell size and reproduction


	(b)
	materials which are not retained by the algal cells but are excreted sometimes to the benefit or even detriment of other organisms.



              
Most would correctly guess that of the products of photosynthesis the bulk is used by algae to build cellular material and food reserves; but it may cause surprise to be acquainted with the fact that many algae excrete organic matter. This is not unexpected really since the medium which supports them and supplies their nutrients must also act as their toilet for unwanted metabolic end-products. Many algae produce large quantities of mucilage and slime on the outer surfaces of their cells, and as this is being removed from the outside by the ambient water it is continuously being replaced from within. These mucilages are carbohydrate in structure. But certain algae excrete small quantities of substances other than carbohydrates; and while we do not know the identity of many of these chemicals, at least we are aware of their presence because of the effects they produce. Several examples of excretion will be briefly cited now for the purpose of pencilling in a few of the broad outlines of what to some will form a new and large panorama of unknown scope:—



	(a)
	the production of ectocrine substances which affect the metabolism of other algae and animals




	b
	the excretion into freshwater of chemicals referred to as ‘tainting chemicals’. These diffuse out of the algal cells into drinking-water in holding areas and produce those smells and off-flavours so well known to water-works engineers


	(c)
	the excretion of substances which act in an algistatic or antibiotic fashion


	(d)
	the production of substances excreted into stream waters which enable migratory fish to ‘home’ on the stream and scene of their nativity


	(e)
	the formation of chemicals highly toxic to fish, birds and other vertebrate animals


	(f)
	the excretion of synthesized nitrogenous compounds by nitrogen-fixing blue-green algae.



              
All this material, cellular and excreted, is adding metabolic currency to our planet. Most of it supports active life and living organisms, and the excess — if it serves no other immediate purpose — contributes to the savings of reduced carbon in the world's bank balance of reserve biological energy. It is not intended to expand our treatment of any of the above effects at the present moment because this will be done later according to where each effect comes in the overall plan set out earlier; the intention is to spend some time discussing how much cell material and organic matter is produced by algae, because this will enable us to acquire some comprehension of the importance of this group of plants in the most fundamental aspect of plant life. Information will also be included on the chemical nature of compounds known to be excreted.

              
Much effort has been expended in an endeavour to estimate the total amount of organic matter produced by algae in the sea. About 71% of the earth's surface is occupied by saline seas, and therefore we can say that about 71% of the earth's surface is inhabited by a marine algal flora. Higher plants are restricted to the remaining 29% wherein they mostly occur on land or extend into very shallow brackish water. Returning to full-strength sea-water, we must realise that this is inhabited by algae as sole representatives of the photosynthetic section of the plant kingdom. The algae may be attached as seaweeds or free-floating as plankton; but according to Ryther (1960) 99% or over of the oceans are too deep to allow attached algae to grow and although some of the greatest concentrations of vegetation known are to be found in littoral algal stands, the littoral algae pale beside the planktonic as producers of organic matter.

              
To measure the total organic matter manufactured by planktonic algae is a difficult task and several attempts have been made using a number of different methods. As a group, the algae possess several different forms of chlorophyll — a pair of chlorophylls being found in each of the large divisions. But one chlorophyll



of the pair is common to all divisions, namely, chlorophyll ‘a’. So methods of determining the concentration of phytoplankton have centred on estimating the amount of this particular form of chlorophyll. During the International Geophysical Year many determinations of chlorophyll ‘a’ were made as part of the oceanographic programme. Values for the upper illuminated layers of the Atlantic Ocean were found to fall within the range of 0.1-0.5 mgs./cubic metre of sea-water — with an average value of maybe 0.25 mgs. Ryther then calculates as follows:—

              
assuming the ratio of chlorophyll ‘a’ to dry weight (D.W.) of phytoplankton to be 1:100,

              
∴ the D.W. of plankton/sq. metre to a depth of 100 metres (a ‘round’ figure for the depth of ocean to which light will penetrate) would be

0.25 × 100 × 100/1000 gms. = 2.5 gms. on the average.

              
He adds a ‘generous 0.5 gms. to allow for the richer coastal waters and to include the benthic algae.’

              
This added to the 2.5 gms. for plankton gives us a figure of 3.0 gms.

              
∴ the oceans support an average standing crop of about 3.0 gms. D.W. of algal material/sq. metre of surface to a depth of 100 metres.

              
The saline areas of the world total 361 × 10
6 sq. kilometres of surface.

              
∴ the total figures for the D.W. of algal cellular material for the saline seas of the world are:

              
(361 × 10
6) × (3.0 × 10
6) gms./sq. kilometre. = 1.1 × 10
15 gms. = 1.1 × 10
12 kgs. = 
(1.1 × 10
12) × 2.2/2240 tons = (1.07 × 10
9) tons D.W.

              
Although we might want to class this figure as a ‘guestimate’ (because of the large approximations made) it does represent a working assessment which gives some idea of the algal biomass of the world's oceans. This is often called the ‘standing crop’. The term is applied because the algal biomass is in essence a crop replete with food reserves of starch and oil. It is grazed by zooplankton and therefore acts as a starting point for many food chains.

              
It is interesting to set this figure alongside figures for land production. Ryther has also assembled this information. Various people have determined the relative proportions of the earth's land surface according to plant cover — these proportions are as follows:—

              


              

                

                  

                    
	Wasteland (desert, arctic regions, mountains)
                    
	50%
                  

                  

                    
	Cultivated land, grasses, sedges, brush, etc.
                    
	20%
                  

                  

                    
	Forests
                    
	30%
                  

                

              

              
We can neglect the first category because of its paucity of vegetation: so 50% of dry land contributes virtually nothing each year in terms of plant production. The contribution of the second category is worked out as 1.5 × 10
13 kgs.; and that of the third category as 1.1 × 10
15 kgs.

              
We can now get some idea of the standing crop of plant material:—



	Oceans
	
	1.1 × 10
12 kgs.


	Land —
	
	


	
	Wasteland
	0


	
	Crops, grasses
	1.5 × 10
13 kgs.


	
	Forests
	1.1 × 10
15 kgs.



              
Ryther then points out that the productive land plants, occupying one-eighth of the area inhabited by marine algae, maintain a biomass more than 1000 times greater.

              
‘What of the productive capacity of the land and sea? Does it follow that the algae are equally insignificant in the annual production of the earth's organic matter?’ These figures have been compiled also by Ryther and their summary is as follows:—



	Ocean
	
	3.6 × 10
13 kgs./year.


	Land —
	
	


	
	Wasteland
	0


	
	Crops, grasses
	3.0 × 10
13 kgs./year.


	
	Forests
	2.2 × 10
13 kgs./year.



              
These figures represent net production i.e. the excess of a plant's production over its respiratory and reproductive requirements.

              
‘The interesting fact which emerges from all this is that the annual rate of organic production on land and in the sea is about the same despite the fact that the latter is accomplished by a flora less than one thousandth the biomass of the terrestrial vegetation. The explanation for this is that most of the bulk of land plants is in the form of slowly-growing, non-photosynthetic structural tissue’ (Ryther 1960). This gives us some idea of the marine algal contribution in terms of material retained within the cell.

              
Now let us consider the material excreted by the cell. If we take a sample of fresh or sea-water, it is possible to show by chemical means that it contains organic matter in true solution. This organic matter can be produced either by decomposition of plant and animal bodies or by direct excretion by living algae and animals as a normal function of their metabolism. Fogg (1959)



has quoted a figure for the total amount of organic matter estimated in the oceans and it is of the order of 6.75 × 10
12 tons i.e. 6,750,000,000,000 tons. No insignificant amount of soluble marine compost!

              
Commenting on the loss of organic matter from algal cells, the same author (1959) wrote — ‘It seems unlikely that the organization of any cell can be so perfect as to prevent entirely the escape of the soluble organic substances which it contains to the surrounding water, and evidence is accumulating which shows that algal cells do, in fact, ‘leak’ to an appreciable extent’. It is not difficult to give examples of algae which excrete appreciable amounts of organic matter. The first to mind is the green alga 
Spirogyra, the green scum that grows on the surface of fish-ponds — notable for the amount of slime on the outside of its filaments. In fact, the presence of slime is a rough and ready diagnostic feature of this particular alga. Among the brown seaweeds 
Macrocystis should be mentioned as a slime-producer, along with many of the red seaweeds. Some blue-greens are continuously shedding mucilage from the outside of the cell wall. In diatoms with a raphe, the cytoplasm is in contact with the ambient medium — there being only a thin membrane separating the cytoplasm from the aqueous environment.

              
When estimates of standing crop are made by determining chlorophyll ‘a’, the figure gives an index of the accumulation of cells only — the living biomass. We have no way of knowing how much organic matter has leaked out up to the time of sampling and will leak out during the life-time of the algal plankton. Put in another way, the ‘standing crop’ figure gives us a rough idea of intracellular organic matter but not the faintest clue to the amount of extracellular organic matter that has been lost up till and after the time of sampling. For fisheries purposes, the intracellular figure is the major one of significance; but for our purposes trying as we are to formulate some idea of the algae as producers of total organic matter, the extracellular figure would be necessary to know. As yet there seems no way of estimating this. All we can say is that some fraction of this 6.75 × 10
12 tons of organic matter in the sea represents leakage and excretion from algal planktonic cells.

              
What is the chemical identity of these excreted compounds? Over the last decade many algae have been studied in the laboratory in pure culture; and with our improved analytical methods, we have been able to identify some of their metabolic end-products much more accurately than before. A lot of work has been done in this field and Fogg (1962) in summarizing this research has divided the extracellular products in the following way depending on their chemical nature:

            

            


            

              
(i) Acids:

              
lactic and succinic, under semi-aerobic conditions; by 
Prototheca zopfii.

              
acetic and lactic — anaerobic conditions; by 
Chlorella.

              
oxalic, tartaric, succinic; by 
Oscillatoria.

              
glycollic, oxalic and pyruvic; by 
Chlamydomonas.

              
One interesting reference is to the work of Tolbert and Zill (1956) who cultured 
Chlorella pyrenoidosa with a radioactive source of carbon and found that with only one minute of illumination this alga loses to the medium between 3 and 10% of the carbon it fixes. This ‘lost’ carbon appears in the form of glycollic acid.

              
Long-chain fatty acids are also produced.

            

            

              
(ii) Amino Acids and Peptides:

              
Certain blue-green algae liberate considerable amounts of nitrogenous extracellular products in the form of peptides and compounds containing amide-nitrogen: but free amino acids are generally found in small quantities only. One writer reported the presence of alanine, glutamic and aspartic acids in the culture fluid of 
Calothrix brevissima (Watanabe). Fogg (1959) quoted the amount of nitrogenous product excreted by 
Anabaena as 10% of the increase in normal nitrogen of the cell contents — and 20% or more when the culture fluid was deficient in iron.

              
The phenomenon of nitrogen excretion is not confined to the nitrogen-fixing blue-greens, because the same sort of thing occurs with non-nitrogen-fixing members of this group. Nor is the phenomenon confined to the blue-green algae. It has been reported for 
Chlorella pyrenoidosa, Chlamydomonas spp, 
Tribonema aequale, Navicula pelliculosa and even in the brown alga 
Ectocarpus confervoides.

            

            

              
(iii) Carbohydrates and Mucilages:

              

Oscillatoria splendida excretes polysaccharides into the medium; and 
Anabaena cylindrica loses to its growing medium a complex polysaccharide which consists of glucose, xylose, glucuronic acid, galactose, rhamnose and arabinose in the molar ratios of 5:4:4:1:1:1 (Fogg 1962). In the genus 
Chlamydomonas, 18 species were found by Lewin (1956) to produce some sort of polysaccharide — which in most cases consisted mainly of galactose and arabinose. As mentioned earlier, 
Spirogyra, Macrocystis and many algae excrete mucilage continuously.

            

            

              
(iv) Vitamins and Growth-Influencing Substances:

              
Thiamin (vitamin B1) has been detected in the culture fluid of a species of 
Coccomyxa by Lewin (1958). A number of algae including 
Chlorella, Anabaena cylindrica and 
Oscillatoria apparently excrete chemicals of the auxin-type of plant hormone. Many algae



produce chemicals which influence the growth of others — either through stimulation or inhibition (Hartman). As far as inhibition is concerned, this may even be auto-inhibition — comparable possibly with ‘staling’ in fungal cultures. This inhibitory action can take several forms and Hartman has listed a number of observed effects caused by algal metabolites — such as


	
interference with the dark reaction in photosynthesis


	
reduction of oxygen consumption of bacteria


	
blockage of mitosis.




              
To these can also be added the adverse effects on animals of algal extracellular metabolites — such as


	
interference with the filtering action of 
Daphnia (Hartman)


	
the poisoning of fish and other animals — even possibly humans


	
the effect on the filter-feeding rate of oysters of ‘rhamnoside’ — a suspected extracellular metabolite of algae (Fogg 1962).




              
Referring more specifically to antibiotic substances in the popular meaning of this word, we find reports of 
Chlorella pyrenoidosa filtrates exhibiting antibacterial activity; and this has been shown due to oxidation products of unsaturated fatty acids. 
Oscillatoria splendida, Stichococcus bacillaris and 
Protosiphon botryoides are also reputed to produce antibacterial substances. Working with 
Phaeocystis pouchetii a common marine planktonic unicell, Sieburth put forward evidence that the thermolabile antibiotic which he found in the culture fluid was acrylic acid.

            

            

              
(v) Enzymes:

              
Harder in 1917 (quoted by Fogg 1962) showed that a species of 
Nostoc was able to use starch and other high molecular weight compounds as a source of carbon. This implies that an extracellular enzyme must be excreted to hydrolyse these sources of carbon down to smaller assimilable substances. Similarly, 
Nitzschia putrida is thought to do the same thing because Pringsheim showed that it is able to liquefy gelatine: in this case the enzyme must be proteolytic.

              
All this evidence demonstrates the excretion of chemicals under laboratory conditions; but does excretion occur in nature? Fogg conducted some experiments in Lake Windermere to determine the amount of carbon excreted by algae under natural conditions. He filtered samples of lake-water to which C
14-bicarbonate had been added and determined the amount of C
14-labelled organic matter in the filtrates. The experiments, carried out at times when diatoms were the most abundant component of the algal plankton, showed the apparent liberation as extracellular products of 3 to 90% of the total carbon fixed. The proportion of extracellular product



tended to increase with depth, and the main form of excreted product seemed to be glycollate (Fogg 1962). Glycollic and other acids have been detected in sea-water by Koyama and Thompson; and Fogg and Nalewajko have estimated glycollic acid in concentrations of the order of 1 mg./litre (1 p.p.m.) in both sea-water and freshwater (Fogg 1962).

              
We also know that other substances as yet unidentified are produced by many freshwater algae. The water-works engineer is only too familiar with taints and off-flavours of water supplies. These effects can be produced by 
Synura, Dinobryon, Aphanizomenon, Fragillaria, Asterionella, Peridinium — to mention but a few. Virulent toxins which cause the death of higher animals such as fish, birds and cattle, are also produced by some algae in standing or stagnant freshwater. While the nature of these compounds is not known, as least by their effects we know they are produced. In some cases laboratory work has definitely shown that these toxins are excreted — as with 
Prymnesium parvum, Microcystis and 
Anabaena (Prescott): but for others there is the possibility that the toxin may be released only after cell disintegration.

              
Despite the examples quoted, it seems reasonable to say that of the 6.75 × 10
12 tons of organic matter calculated to be in the seas the major part would be contributed through the decay of plant and animal body; but it must be remembered that an unknown proportion of this total is due to compounds excreted by the planktonic algae. Some of the more noticeable examples of effects of excreted metabolic products occur in freshwater and small bodies of standing water — and not in sea-water, with the exception of products released by red-tide organisms. So while the effects of these toxins and other substances may be startling, the amount of organic matter involved need not be very great.

              
Algae, planktonic and attached, occur in freshwater also; and in lakes, ponds, rivers and rills make their ceaseless contribution to the world's organic matter. But again it is impossible to assess the extent of this contribution. The sea is a reasonably uniform medium as a chemical environment (apart from the seasonal fluctuation of nitrogen, phosphorus, silicon and one or two trace elements) and extrapolation of analytical figures can be made on a world-wide basis. But the contribution of freshwaters cannot be assessed in quite the same way. There are numerous barriers to this.

              
Due to suspended colloidal matter, the depth to which light penetrates in many if not most freshwater areas would not be anywhere near the 100 metre figure of the open ocean areas. In fact it has been stated that light will penetrate only to about 10 to 15 metres in freshwater. Many areas in any case would not attain 100 metres in depth. So when we realise that the



total area of freshwater lakes and rivers is roughly 0.7% of the total area of oceans and when we take into account this low light penetration in freshwater, it would appear that they are no match for the oceans in the production of cellular material. Yet it must not be forgotten that many freshwater unicellular algae including diatoms are very much larger in cell size than those of oceanic plankton and there are many multicellular algae in freshwater plankton which do not exist in the seas. Desmids for instance, a common member of freshwater plankton, do not occur in the seas at all.

              
The composition of freshwater varies enormously and differs with location and local climate, surrounding geological formations and types of land cover. Some of these bodies of water are ‘hard’ whilst others are ‘soft’ — with correspondingly different algal floras. Desmids for instance in England are associated with a high ratio of sodium + potassium to calcium + magnesium. Griffiths (1938) wrote that ‘water blooms are more common in large bodies of water especially in those on the newer geological formations; for this reason they are uncommon in the larger British lakes, most of which are situated on old geological areas. Water-blooming is very common on the rest of the great North European Plain of the Continent.’ The pH of water is another variable to be reckoned with. Again, rivers have an algal flora all the year round: due to constant flow, there can be no thermal stratification to act as a regulator of growth as found in large lakes and oceans.

              
Another problem associated with the freshwater habitat is the assessment of the production of extracellular organic matter. We would have no way of determining the amount of this commodity since now the organic matter figure could be grossly affected by what leaches from the land plus the debris and humus which comes from terrestial plant life on the banks of these fluviatile areas.

              
So, in the face of all these ‘if's, of's, and's and but's’ and conflicting variables, it appears we have to abandon all hope of arriving at figures for intra- and extracellular organic matter production of freshwater algae. Before closing however, we should mention that algae grow and proliferate on ice and in snow, and areas such as the Arctic and Antarctic despite their cold and inhospitable habitat are not without their algal contribution to the world's organic matter. Neither must we forget the world's mantle of soil since this supports an algal flora also. Any attempt at assessing the contribution of organic matter from algae in this medium is at present impossible — and may remain that way. Certain types of cultivated land such as paddy fields would have a high figure for both forms of algal organic matter; but many others such as the dry deserts would be wanting in it. However,



in between these extremes there is a lot of soil harbouring an algal flora that is imperceptibly building up the level of carbon compounds.

              
Perhaps it is time now to attempt distillation of a few pure ideas from this crude liquor of facts and figures. The total area of the seas is much greater than the total area of freshwaters and it is unlikely that the algae of freshwaters produce as much organic matter in toto as those of marine habitats; but these freshwater ones do produce some — how much, is anybody's guess. As in the seas, there are extensive food-chains in freshwater environments which have their starting point with planktonic algae. So, alongside Ryther's figure for cellular organic matter production by marine algae, we are unable to put a similar figure either for freshwater or for soil algae; and we have no idea of the amounts of excreted organic matter of either freshwater, marine or soil algae.

              
In tabular form the situation may be summed up as follows:—

              

Intracellular organic matter — marine = 1.07 × 10
9 tons D.W.

              

" " " — freshwater = ?

              

" " " — soil = ?

              

Extracellular organic matter — marine = ?

              

" " " — freshwater = ?

              

" " " — soil = ?

              
Total algal contribution to the world's organic matter = 1.07 × 10
9 tons D.W. + ?????.

              
And this is where we have to leave the organic matter story at the present time — one ‘guestimate’ and a gaggle of question marks. Consequently we cannot even hazard a guess for the total algal contribution to the world's organic matter production. But having in mind the dictum of The Ancient Mariner — ‘Water, water, every where, …’ and remembering that the presence of water in its varying forms is almost synonymous with the presence of algae, we can say without question that the algae would undoubtedly be the greatest contributors to the world's lay-by of available biological energy in the form of organic matter.

              
However, there is one further point to bring out before closing. On land, our organic matter production is subject to great inroads by parasites — we merely harvest what the birds, the rodents, the insects, the nematodes, the fungi, the bacteria, the viruses, the weeds and the climate leave us. Insects alone are said by some to ravage a third of our crops. On land, nothing living (except bacteria) seems free from insect attack — they have invaded every ecological niche and preyed on every form of life. The only niche that has been hostile enough to prevent colonization is the sea. While the marine algae have not escaped the ravages



of bacteria and fungi (and possibly viruses), at least they are not devastated by insects. Presumably therefore, the wastage of the sea's annual organic matter production in terms of cellular material could be extremely low; but unfortunately this cannot be said for the land's production — a major point in favour of the algae.
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Chamois (
Rupicapra rupicapra L)

          

Prized as a Sporting Animal in their native Europe, chamois were introduced to New Zealand in 1907 in order to provide good hunting, especially for tourists. Chamois increased rapidly in numbers and distribution and at present occupy most of the alpine country in the South Island. At first they were protected, but their rapid build-up in numbers and effect on their habitat caused concern resulting in the removal of protection in 1930. Large numbers are at present killed annually.

        

        

          
Systematic Position

          
According to Simpson (1945) the chamois belongs in the Order Artiodactyla, Family Bovidae, Subfamily Caprinae, Tribe Rupicaprini. However, Couturier (1938) recognises the Rupicaprinae as a subfamily. The Tribe Rupicaprini contains the following five genera: 
Rupicapra (Chamois), 
Nemorhaedus (Goral). 
Capricornis (Serow), 
Oreamnos (Mountain Goat), and 
Budorcas (Takin). The chamois belongs to the monospecific genus 
Rupicapra Blainville, 1816. (
rupes — rock, 
capra — goat) and species 
rupicapra Linnaeus, 1758. The synonymies of the genus and of the eleven sub-species recognised are listed in Ellerman and Morrison-Scott (1951, pp. 397-398). The sub-species which has been introduced into New Zealand is probably 
Rupicapra rupicapra rupicapra (L.) which has endemic distribution in the central European Alps.

          
The number of common names applied to 
Rupicapra rupicapra include: camoix, quamoix (ancient French), gambsthier (Swiss-German), tesamo (Swiss-Roman), camozz (Tirol), gaems, gamz, gembssen (ancient German), ghemse (German), and gems (Dutch). The common name ‘chamois’ is almost universally applied throughout New Zealand.

          
Chamois have not been successfully introduced anywhere other than to New Zealand.

        

        


        

          
Description

          
Chamois are similar in appearance to goats, but have longer legs, a more erect neck, pointed ears, and differ in shape and curvature of the horns (Fig. 1). Adult males have a shoulder height of up to 36 inches. Adult males do not often weigh over 100lbs, while adult females seldom exceed 801bs. The overall colour of the coat varies seasonally, and while there is considerable variation between individuals, tends to be brown to almost black in adult males in winter to a brownish fawn in summer. A dark strip extends along the mid-line of the back from the neck to the base of the tail. On the ventral surface and hindquarters the brown colour is lighter in summer, becoming almost white. The head is pale fawn in colour with a dark band beginning near the nose, surrounding the eyes and ending at the base of the horns and ears. The colour pattern of the young is generally lighter than that of the adult. The hooves, which reach a length of three inches in adult males, are similar to those of tahr. There is a soft central pad surrounded by a hard rim.

          
The horns, carried by both sexes, are the most characteristic feature of the chamois. Growing upwards from the head they are almost vertical, curving near the end to form sharp posterior hooks. The horns diverge at the point where they curve, often considerably in the female chamois. The male chamois have heavier horns than the female. As with tahr the horns are measured from the base to the tip along the outside of the curve, and the circumference of the horn at the base is also usually measured (Douglas, 1959). A good pair of trophy horns are those over ten inches in length; an exceptional pair may exceed fourteen inches.

          
Chamois have a well developed sense of smell and very good eyesight. As discussd in a previous article on tahr (Christie and Andrews. 1964), chamois appear to rely on their eyesight for warning of any disturbance. The alarm call is a sharp whistle, often accompanied by the stamping of the forefeet; normally chamois are silent. Young chamois may bleat occasionally. Chamois are particularly agile in rough, broken country and are seldom defeated by the steep bluffs which they climb, often at remarkable speeds (Christie, 1964).

          
Chamois have a postcornual gland which swells and is active during the period of the rut. These glands are present in both sexes, and those of the male secrete a strong odoriferous substance. Couturier (1938) suggests that in males the secretion of the glands serves as an indicator of the whereabouts of males.

        

        


        

          
Native Distribution

          
Chamois are found in all the higher mountain systems of central and southern Europe. Amongst them are: the Pyrenees, Jura Mts., Swiss Alps, Carpathians, Pennines, Transylvannian Alps, Rhodope Mts., Dinaric Alps, Caucasus Mts., and sections of the Anatolian Plateau. Chamois are more common in Switzerland and Austria (Baillie-Grohman, 1901). The remains of fossil chamois (mostly Quaternary) have been found in a large and continuous areas extending over northern Spain, much of France, Germany, Czechoslovakia, Hungary. Italy and the whole of Switzerland. The chamois is carefully protected in Europe and only limited numbers are allowed to be shot each year.

          
Many colourful legends have been woven round the chamois. Phillipps-Woolley in Baillie-Grohman (1901) records an old belief whereby the chamois will hang over ledges by the crook of its horns to avoid being seen. Baillie-Grohman (1896) quoted a passage from Fouillous writing in 1573, ‘At any time the Ysarus (chamois) desires to scratch its thighs, it sticks its claws in so hard that on account of their being reversed it cannot withdraw them, and thus it falls from cliffs and breaks its neck.’ Valuable medicinal properties were once ascribed to the blood of the chamois and the bezoar stone (a phytoconcretion found in the gut) also had much vaunted healing properties.
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Fig. 1: Adult female chamois on Mount Cupola, Nelson Lakes National Park. N.Z. Forest Service Photo by J. H. Johns, A.R.P.S.


          

        

        


        

          
Introduction to New Zealand

          
The first enquiries about the possibility of the introduction of chamois were made in 1888 by Sir Julius von Haast and 
G. M. Thomson. The following year a sum of money was made available by the Government for the cost of shipping chamois to New Zealand. However, no chamois were introduced at this time, probably because of the difficulty in procuring animals (Thomson, 1922). In 1907, as the result of a chamois drive in Austria, eight chamois were selected and transported to New Zealand. The eight consisted of two males and six females (two of which were carrying young), all aged between two and three years. After a period of quarantine the chamois were released near the Hermitage. Mount Cook.

          
A later introduction was made in 1914 when three tame chamois were shipped to New Zealand from Austria. One died on the voyage out and the remaining two were liberated in the Mount Cook region.

          
The chamois quickly adapted to their new home. Donne (1924) records that in 1908 Graham saw a herd of chamois accompanied by young in the Mount Cook area, and later in 1913 he saw a herd of thirteen. In 1917 twenty chamois which appeared to be in good condition were seen in one herd, close to the point of liberation. By 1919 seventy were seen in one herd and by 1920 Thomson (1922. p. 61) was able to record, ‘The flock is increasing fast and the animals are in very fine condition, herds of thirty, forty and seventy being noticed at one time.’ Yerex (unpublished report, Department of Internal Affairs, 1934) reported herds as having reached Mount Brewster, near Haast Pass, in the south, and Hope Pass in the north. Present distribution is shown in Fig. 2.

          
Riney (1955) has recorded that chamois have spread a greater distance from the point of liberation than any other introduced ungulate in New Zealand. Caughley (1963), in discussing the dispersal rates of several introduced ungulates shows that chamois have dispersed from Mount Cook at an average of 5.4 miles per year, considerably faster than any of the other ungulates he investigated. Chamois are probably still actively colonizing suitable ranges, especially in the Fiordland region.

        

        

          
Social Characteristics

          
As with tahr, the chamois billies (adult males) usually separate from the nanny (adult female) and juvenile herds when they become fully mature adults at two to three years old. The rutting period appears to be later than for red deer, taking place during May and June. During the winter chamois are confined to steep bluffs where snow does not accumulate or to the scrub belt which may be extensive on the western slopes of the Southern Alps.

          


          
Chamois prefer swards of shorter grasses, preferably with rocky outcrops nearby where they shelter during periods of bad weather.

          
Young are born in December and January. Asdell (1946) gives the gestation period from 153-210 days. Usually one kid (young chamois) is born although Briedermann (1962) reports that in Austria twins are not uncommon. Even shortly after birth the kids have great agility, and in most cases show no difficulty in keeping up with the parent.

          
Although there are a number of predators of chamois in their native habitat, there is no predation of chamois in New Zealand,


[image: Fig. 2: Map showing distribution of chamois in New Zealand (compiled from information provided by the N.Z. Forest Service).]
Fig. 2: Map showing distribution of chamois in New Zealand (compiled from information provided by the N.Z. Forest Service).





other than by man. The precipitous nature of their habitat does, however, lead to a number of accidents, and avalanches probably claim a number of victims.

        

        

          
Parasites and Disease

          
Chamois have frequently been found in New Zealand in a diseased condition. The ‘blindness disease’ (kerato-conjunctivitis) of chamois in Europe was first recorded in New Zealand in 1936 in the Mount Cook area. Since then six further outbreaks have been reported in chamois. Outbreaks of the viral disease, contagious ecthyma, have also been reported in New Zealand amongst chamois and tahr. The first recorded outbreak was in 1940 and eight other outbreaks have been traced (Daniel and Christie, 1963).

          

Damalinia alpina, a louse ectoparasitic of chamois, has not been recorded in New Zealand, although a louse which is almost identical to 
D. longicornis (usually found on red deer) was recovered from a chamois. Four genera of trichostrongylid nematodes were recorded from the abomasum, (
Stadelmannia, Trichostrongylus, Spiculopteragia and 
Nematodirus); Oesophagostomum venulosum and 
Trichuris ovis (Nematoda) were recorded from the caecum.

        

        

          
Management and Economic Value

          
Chamois were protected by the Animals Protection and Game Act (1921-1922) but this protection was removed in 1930. The Department of Internal Affairs which was responsible for the necessary control measures began operations against chamois in 1936. Since then chamois killed by Government shooters total 68.878. There have been no control campaigns using poisons aimed specifically at chamois. It is certain, however, that chamois have been killed by ‘1080’ poison in operations that were primarily conducted towards the control of red deer. Private shooters have killed an unknown number of chamois.

          
As with tahr, chamois have little economic value apart from being a prized trophy animal for hunters. Skins of chamois are best taken when the animal is in the full winter coat; at other times the hair is shed rapidly after curing. The meat is palatable, in Europe particularly it is considered a gourmet's dish, but this is most probably due to the difficulty to obtaining it rather than to its intrinsic qualities.
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Introduction

          

The Following Notes should be read in conjunction with 
‘Some Facts About Lichens’ in Vol. 11, Part 1 of 
‘Tuatara’ by Barbara J. Williams and 
Keys to New Zealand Lichen Genera’ in Volumes 10 and 11 by Dr. 
James Murray, thereby avoiding unnecessary repetition.

          
Some species of lichen range over most of the land masses of the earth, others are restricted to large but usually fairly well defined areas, and yet others have quite a small range of distribution. Within such areas most species are only to be found on specific substrata such as leaves, twigs, tree trunks, clay banks, peat soils, etc., though not a few may occur on more than one substratum. Each species will be located only where the environment is congenial to its growth requirements, for which reason many lichens are commonly associated. Many species are restricted to montane and subalpine habitats, others to the lowlands, and still others range widely from sea-level to subalpine habitats.

          
New Zealand lichens, in the light of present knowledge, number over 1300 species grouped into over 150 genera in approximately 43 families. Many are so polymorphic as to make their delimitation difficult and it may well be that some given specific rank may prove to be synonyms. In any case it is clear that many species still await discovery and description and it seems safe to predict that the New Zealand lichen flora may exceed 1500 species.

          
Indigenous species having a more or less cosmopolitan distribution are fairly numerous, examples being the conspicuos yellow-green 
Rhizocarpon geographicum abundant on subalpine rocks, the brown-fruited pyxiecup (
Cladonia pyxidata), or the dog-lichen (
Peltigera canina). Of the many species apparently restricted to Australasia 
Cladia retipora, Cladia sullivanii, and 
Parmelia tasmaniae are well-known examples; and included among hundreds of endemic species we may list 
Cladonia enantia, C. murrayi. C. neozelandica, and 
C. southlandica to cite those of a single genus. Further research in Australia and Tasmania may well, however, eliminate a number as endemic species.

          
So far as growth forms are concerned crustose lichens exceed all others combined, and occur in most situations and on most substrata. Foliose lichens are most numerous and largest where the air is moist and still, as in the forest interior, yet some occur on exposed subalpine rocks. A majority of the fruticose lichens



grow on earth or on posts, telegraph poles, or on trees in the open, while squamulose genera such as 
Psoroma and 
Pannaria are most commonly located on bark within the forest.

        

        

          
Epiphytic Lichens

          
Hundreds of lichens are to be found only on the bark of trees and shrubs, and seven or eight New Zealand genera are represented only on leaves of flowering plants or ferns. Different associations occur on the trunks of forest trees, and on the canopy branches and twigs. Limitations of space prevent more than general reference to these but the most numerous and conspicuous lichens on the lower trunks and limbs of trees belong to the genas 
Sticta, so named in allusion to the tiny pits dotted over the lower surface. Among the seventy-five New Zealand species at present recognized are some of the largest lichens known, with a thallus surface often exceeding a square foot in area. Such include 
Sticta impressa, S. foveolata, S. coronata, and a number of others. Associated lichens include species of the following genera: 
Menegazzia, Sphaeroma, Pertusaria, Coenogonium, Megalospora, Collema, Leptogium, and 
Sphaerophorus. Nephroma australe occurs here and much resembles a species of 
Sticta but is recognized immediately by the flat, reddish-brown apothecia which occur on the underside of the marginal lobes. 
Myxodictyon chrysostictum and 
Thelotrema lepadinum are other common species on this substratum.

          
Many distinct associations occur on the upper branches and twigs involving such genera as 
Bacidia, Catillaria, Lecidea, Lecanora, Pyrenula, Arthonia, Pertusaria, and 
Buellia, all crustose in life-form. The upper branches in subalpine beech forests are often so festooned with species of 
Usnea as to be visible from distances of a mile or more. Foliose lichens occur but are relatively rare.

          
Trees on the forest margin or growing in the open may include 
Parmelias and 
Hypogymnias among their epiphytes these being rare or absent within the forest. On smooth-barked trees and shrubs ‘script’ lichens belonging to the families Graphidaceae and Opegraphidaceae are numerous, other genera to be found here including 
Usnea, Ramalina, Haematomma, Teloschistes, etc., not to be found in the shade of the forest interior.

          
Commonly found growing on mosses overlying bark or rock are such species as 
Coccocarpia cronia, and species of 
Leptogium or 
Peltigera.

        

        

          
Saxicolous Lichens

          
Rock-inhabiting lichens constitute the largest section of the lichen flora of New Zealand. Some lichens are to be found only



on limestone as for example 
Blastenia alboflavida, Caloplaca scott-thomsoni, or 
Placynthium nigrum. Many species are restricted to montane or subalpine rocks. This applies to all species of 
Neuropogon, Umbilicaria, Omphalodiscus, Agyrophora, Lasallia, Alectoria, and 
Cetraria and to several species of 
Parmeliella. The schist rocks of Central Otago have a copious covering of lichens on their tops and shaded sides of which the majority are species of 
Parmelia including 
Parmelia caperata, P. conspersa, P. perlata, P. arnoldii, P. signifera, P. tasmanica, P. rudecta and others including several belonging to the section Melaenoparmelia as e.g. 
P. epheboides. Associated with these are 
Pertusaria subverrucosa, Lecanora atra. Sticta aurata, Cladia aggregata, Usnea glomellifera, and at the upper levels 
Umbilicaria polyphylla. Over much of New Zealand 
Stereocaulon corticatulum and 
S. ramulosum occur on rocky roadside banks, or on stony slopes and the tiny 
S. gregarium or 
S. caespitosum on subalpine rocks.

          
Lichens of the genus 
Verrucaria likewise 
Xanthoria parietina are abundant on coastal rocks and cliffs, while 
Lichina pygmaea var. 
intermedia is only to be found on rocks subject to immersion at high tide.

        

        

          
Epigean Lichens

          
Ground dwelling lichens usually occur only on specific types of soil as clay banks, heath soils, stony soils, peat, etc., though some species occur on more types of soil than one. Lichens are few on the forest floor and include 
Sphaerophorus tener and various species of 
Peltigera. Manuka heaths often have a rich lichen flora in which lichens of the genus 
Cladonia and of 
Cladia predominate. 
Cladia retipora, Cladia aggregata, Cladonia gracilis var. 
chordalis, Cladonia verticillata, Cladonia cornutoradiata, and the bushy 
Cladonia leptoclada, as well as forms of 
Cladonia capitellata are perhaps the commonest species. In some areas the scarlet-fruited 
Cladonia floerkeana is abundant.

          
On drained peat soils such as are abundant on the Awarua Plains of Southland Cladonias in great variety are sometimes observed, two of the most conspicuous because of their bright scarlet fruits being var. 
crenulata of 
Cladonia deformis and 
C. vulcanica. Indeed in this area over 25 species of 
Cladonia have been catalogued. All three species of 
Cladia occur here, 
Cladia sullivanii by its lowland variety 
compacta.

          
Lichens of clay banks include 
Cladonia fimbriata, C. pyxidata, C. enantia, C. neo-zelandica, C. cornutoradiata and several others as well as 
Baeomyces fungoides and 
B. heteromorphus. Near Greymouth a common member is 
Cladonia pityrea.

        

        


        

          
Lignicolous Lichens

          
Some lichens are rarely found other than on logs or posts. Such include the various tiny species of 
Calicium and of 
Coniocybe, numerous species of 
Lecidea and related genera usually on bare wood. On logs in early decay common lichens are 
Cladonia macilenta, C. bacillaris, and 
C. pleurota all red-fruited. 
Cladonia coccifera also occurs on tree stumps but is quite rare in most districts. In the Eglington Valley in Otago beech stumps carry a copious mantle of Cladonias in which 
C. scabriuscula is one of the most common. Many Parmelias grow on wood but are rarely restricted to this substratum. Posts and telegraph poles in the wetter areas often are infested with species of 
Usnea and more rarely of 
Ramalina.

        

        

          
Tussock Grasslands

          
In subalpine grasslands as well as in boggy soils and fellfield the ‘worm’ lichens (
Thamnolia vermicularis and 
T. subvermicularis) are common species as also is 
Siphula medioxima. Both are white lichens, the former with tapering cylindrical stems and the latter with chalky white flat thalli. On the dead bases of former tussocks 
Cladonia subdigitata is a very common lichen but other species also occur. On the drier grasslands a very common lichen is 
Chondropsis semiviridis a small yellowish species much crisped in dry weather which lies unattached on the surface usually in vast numbers as in Central Otago and Canterbury.

        

        

          
Other Substrata

          
Several Parmelias are commonly found on the tiled roofs of houses, and have also been seen on asphalt in the streets of Auckland City. Various crustose species are quite common on many city buildings both of wood and stone, and there is a copious lichen flora on the stems of mangrove growing in mud along the Auckland coast. A species of 
Mastodia has been noted on the nitrogenous soils close to the nesting sites of petrels. The lichen flora of New Zealand offers a vast field of research for future students.
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          A Simple and Flexible Cataloguing System for Biological Collections, Large or Small.
        

        
by 
J. F. C. Morgans


Department of Zoology, University of Canterbury

        

          

Many of us have had the pleasant task of starting a catalogue to record information pertaining to specimens of plants or animals: almost as many of us have found that the system that was confidently carted grew inefficient, time-consuming or pointless.

          
A simple and flexible cataloguing system exists that can apply to the wants of the individual or of the institution, of the botanist or the zoologist, the ecologist or the taxonomist: moreover, it has been thoroughly tested by many workers over many years.

          
The system described below is that established by the author for the collections of the Edward Percival Marine Laboratory. It is simply evolved from that started by Professor T. A. Stephenson for his survey of South African shores and which was subsequently extended by Professor J. 
H. Day for his survey of South African estuaries with which work the author was associated.

          
The essence of this system is that information is recorded with the greatest economy in such a way that it is simple subsequently to extract the particular information desired. Two aspects of overwhelming value are that the system will handle unlimited material without confusion; and that there is no need for immediate identification of each species. The system can be started in the field camp by a few workers and filled-out at leisure at the base laboratory by few or many staff.

          
The system is designed for the current user rather than as a philanthropic enterprise for others to exploit. (Few institutions can really undertake to maintain a card-index of the recorded distribution of each species because of the time involved firstly, in proper identification of each species collected on a field trip and secondly, in tedious writing out of field data onto the cards of all the species taken. The system described below permits all this information, and more, to be available to any visitor but he must do a little, very simple catalogue extraction for himself).

          
The description of the system is based on the needs of an ecological survey of imperfectly known species, probably the most complex situation with which a catalogue needs to comply. Adaptations to other uses are obvious. All systems are vitiated by faulty execution (slipshod work) but in this one there is no possibility of disaster provided the obvious rules are followed.

        

        


        

          
The Primary Catalogue

          
This catalogue is the basic record of all information as it comes to hand. It is permanent and should be kept as neatly as possible because it should never be scrapped in favour of a prettier copy. A properly bound, hard covered book should be chosen, foolscap sized, with lined pages and a margin at the left (e.g. a ‘Minutes Book’).

          
The Primary Catalogue is a record of the information of a series of collections and the scope of the work contemplated will determine whether one or more Primary Catalogues is desirable.

          

Example 1: An individual contemplates a three year survey of the faunas of New Zealand marine beaches. For this, one Primary Catalogue would suffice.

          

Example 2: An institution contemplates starting the following faunal surveys (i) New Zealand beaches; (ii) Australian beaches; (iii) beaches of the Sub-Antarctic Islands; (iv), (v) and (vi) dredgings from the continental shelves of these regions; (vii) deepwater dredgings. For this it would be definitely convenient to keep the seven different series of collections separate and to have seven corresponding Primary Catalogues.

          
Each Catalogue and the collection of which it refers is characterised by an alphabetical coding. Forethought in constructing this code can offer a definite bonus. Thus a single letter could indicate terrestrial collections, double letters fluviatile collections and triple letters marine collections; and the letters chosen can suggest locality.

          

	
              
e.g.: HND — Hawkes Bay Province, Napier, Dredgings.

            

	
              
NTL — Nelson Province. Tasman Bay, Littoral.

            

	
              
CW — Canterbury Province, Waimakariri River.

            

	
              
E — Mount Egmont region, terrestrial.

            


          
The Catalogue records serially all the different ‘stations’ at which material was forthcoming and these ‘stations’ are simply indicated by code numbers starting at ‘1’ (preferably written ‘001’), and rising to infinity. All necessary information is entered into the catalogue for each ‘station’ so as to avoid requiring other notebooks.

          
The word ‘station’ is used here in default of a better word to signify ‘a collection site and time of significance’. Thus a certain site (e.g. a rock) may be observed on two different dates, or even times of day, and the records would be given different station serial numbers; or the upper surface of the rock might be considered a different station to the undersurface (other examples in Fig. 1).

          
The date of the station is recorded in the Catalogue beneath the combined Catalogue-and-station code.

          


          
Letters of the alpabet (omitting ‘I’ and ‘0’ which may be confused with numerals) indicate every different species found at each station. If there are more than 24 species then the next station serial number is utilised (see Fig. 1). It is a great convenience (for a reason that will become obvious) to list the species in groups according to the larger taxonomic groups. Note that proper identification is unnecessary for this sorting and recording process, merely the ability to distinguish between different species e.g. in Fig. 1 the sorter of cellection NTL.244 could not identify the worms but he thought that there were three species, and so allocated the letters A to D, thus leaving a letter in hand should a fourth species actually be present. At a later date ‘J.F.C.M.’ examined the specimens, identified and discarded 244A, and found 244B to be identical to specimens 118G, of which several examples had been sent away for specialist identification by ‘Dr. P.Q.R.’, ‘J.F.C.M.’ found a third species to be present, 244C, which was sent to the specialist on 22nd September, 1960. There was no fourth species and so 244D was noted as unused.

          
A variable amount of information may be recorded for each species but three points must be noted:



	(i)
	As good an identification as possible with, in the case of final identifications, the name or initials of the specialist responsible for seeing the material;


	(ii)
	the relative or absolute abundance;


	(iii)
	the fate of the specimens: each is assumed to be in the collection under its own code number unless stated otherwise. (Note that there is no need actually to collect all the bulky and familiar species at a site provided that their presence and abundance is noted — these records are then copied into the Primary Catalogue as ‘discarded’ species).



          
Normally, each species should be allocated three lines on the page to allow for subsequent comments and corrections.

          
Records should be in waterproof ink (or in pencil for comments of a temporary nature).

        

        

          
Labelling and Arranging the Collection

          
Each species is normally stored in a separate container and labelled with the Catalogue-station-species code, and the date,


	
e.g. NTL.243A


	
20.8.60




          
The date is included as a check on slips of the pen or partial destruction of the label and it has proved very effective in this.

          
It is sometimes convenient to write the name of the species on the label but this is usually a tedious superfluity.

          


          

            

[image: Figure 1: Sample of entries in a hypothetical Primary Catalogue of the “NTL” collection. In practice two or three lines would be left between the entry for each species, the notes on despatch of material would be written in pencil and the names or initials of authorities who identified species would be in ink of distinctive colour (e.g. red).]

Figure 1: Sample of entries in a hypothetical Primary Catalogue of the “NTL” collection. In practice two or three lines would be left between the entry for each species, the notes on despatch of material would be written in pencil and the names or initials of authorities who identified species would be in ink of distinctive colour (e.g. red).


          

          


          
When identification is absolutely certain and when there is no point in retaining the same species in separate containers then specimens may be added from one station collection to another, e.g. five large specimens of NTL.243C were added to NTL.118J. This simple process in a convenience in reducing the number of bottles in a collection and in building up a reasonable bulk of preserved specimens for reference: but its dangers must not be overlooked. Note that a container showing a single label, e.g. NTL.118J, may hold specimens from other stations — this information can be obtained from the Secondary Catalogue (described below).

          
Normally, preserved species are grouped on the shelf into the laeger taxonomic units, and for each group the arrangement of bottles and tubes is in simple numerical series. This makes the finding of a specimen very easy.

          
Different collections, e.g. ‘NTL’, ‘CPL’, ‘NTD’, ‘CPD’, are housed separately and material is not added from one to another. (This encourages the retention of specimens of a species from different localities so that sub-species, clines, etc., can be recognised by later workers, often visiting specialists).

        

        

          
The Secondary or Synoptic Catalogue

          
Every single record of a species in the Primary Catalogue is summarised in the Secondary (‘Synoptic’) Catalogue beneath the headings of the major taxonomic groups and other, more general headings that may be useful (e.g. ‘Unidentified Plankton’, ‘Unsorted Dredge Collections’).

          
A sample page is shown (Fig. 2) from which it can be seen that this catalogue provides



	(i)
	a list of species;


	(ii)
	a list of code numbers for each species from which not only its distribution but all other field data may be summarised;


	(iii)
	a list of the containers on the shelf, with information on which contain additional material;


	(iv)
	A list of imperfectly identified material.



          
Except for the case when this catalogue system is used merely to record museum accessions the Synoptic Catalogue is, in fact, the first stage of analysis of one's work.

          
Preparation of the Synoptic Catalogue is usually delayed until identification of species has progressed to a reasonable degree. Whereas the Primary Catalogue is in current use the Synoptic Catalogue is compiled at convenience.

          
A point of importance is that once the Primary Catalogue has been cross referenced by compilation of the Synoptic Catalogue then any alteration of nomenclature and of location of specimens



(i.e. whether kept, added or discarded) must be amended in both catalogues. For this purpose it is convenient to note at the front of both catalogues the latest Primary Catalogue number that has been included in the Synoptic Catalogue.

          

            

[image: Figure 2: Part of a page in a hypothetical Synoptic Catalogue of the “NTL” collection; note certain cross references to entries shown in Fig. 1. In practice entries would be more widely spaced, vertically, than illustrated.]

                
Figure 2: Part of a page in a hypothetical Synoptic Catalogue of the “NTL” collection; note certain cross references to entries shown in Fig. 1. In practice entries would be more widely spaced, vertically, than illustrated.
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          Marchantia Species of New Zealand
        

        
by 
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Introduction

          

Marchantia has Been Recognized for many centuries and in fact 
M. polymorpha is the original liverwort for because of its shape it was used by mediaeval herbalists as a remedy for diseases of the liver. The genus name was first used by the French botanist Marchant in 1713 in memory of his father. 
Marchantia is found in all countries and is especially rich in species in the tropics. The three species mentioned below which occur in New Zealand are confined to the Southern Hemisphere.

        

        

          
Key to the New Zealand Species

          

            

              

                
	A.
                
	Ventral scales extending nearly to the margin of the thallus
                
	1 
M. berteroana
              

              

                
	
                
	Ventral scales confined to the central region of the thallus
                
	B
              

              

                
	B.
                
	Upper surface smooth
                
	2 
M. foliacea
              

              

                
	
                
	Upper surface rough
                
	3 
M. macropora
              

            

          

        

        

          
1. 
M. berteroana L. et L.


in Lehmann 
Nov. Stirp. Pug. 6:2, 1834.

          

            
Distribution and Nomenclature

            

M. berteroana was originally described from plants collected in Juan Fernandez but is now known to be widely distributed in southern regions. Herzog (1934) has shown that a form present in Columbia, which he has called var. 
polylepida, differs from the type of the species in having 6 rows of ventral scales instead of 4. The same form is found also in Chile and Argentina (Hassel de Menendez, 1962). For New Zealand, the species is listed under the name of 
M. tabularis by Hooker (1867), and under the same name also by Stephani but in this case with 
berteroana added as a synonym (Stephani, 1900). However, Schiffner has shown that the name 
berteroana has priority (Schiffner, 1896). Another species recorded for New Zealand and described by Stephani (1883), namely 
M. cephaloscypha, is considered by Evans after examination of an original specimen to correspond with 
M. berteroana (Evans, 1917).

            


            
In New Zealand 
M. berteroana is widespread, especially near hot springs, on burnt-over country and in swampy areas. It shows a wide range of form under different environmental conditions. Some specimens are the largest of any belonging to the genus 
Marchantia, whereas others growing in more exposed situations are considerably smaller and approach in size robust specimens of 
M. foliacea. The expression of the ventral scales also is variable. These may be hyaline or reddish-brown in colour. In many specimens there are 6 rows, as in the var. 
polylepida of Herzog, but sometimes those of the marginal series wither early and in plants of exposed situations they may never appear. There seems to be justification for some designation for the plants with 6 rows of scales in order to avoid confusion with other species such as 
M. polymorpha, since the type of 
M. berteroana is described as having 4 rows; but, as far as the New Zealand plants are concerned, transplant experiments have shown that the number of rows is too unstable to warrant the designation of a variety.

          

          

            
Description of the Thallus

            
The thallus is up to 8 cm. long and 2 cm. wide with the margin wavy and crenulate. It grows irregularly, lying more or less parallel to the substratum, branching dichotomously at intervals of 1-5 cm., with sometimes a certain degree of overtopping, and also producing adventitious shoots from the median ventral region a short distance behind the apex. The upper surface is smooth, somewhat glossy, and in colour yellow-green to green or reddish-brown. Under a lens it can be seen to be dotted with closely crowded, whitish pores 0.1-0.2 mm. apart and to be very faintly marked out into polygonal areas. The under surface is lighter in colour and bears on each side of the mid-line 2 or 3 rows of hyaline, tawny, or reddish-brown scales, which extend outwards to within a distance of from 0.5-1.0 mm. from the thallus edge but never right to the edge, as well as numerous rhizoids. Following Leitgeb (1881) the scales from the centre outwards will be called median, laminar and marginal (Fig. 3). The median scales carry a colourless or reddish-brown, broadly ovate or cordate appendage, up to 1.2 mm. in length and 0.8 mm. in maximum width (Figs. 3, 9). Near the thallus apex the appendages, closely crowded and inflexed protectively over the growing-point, are visible on the upper surface. Each appendage is margined by 1 or 2 rows of small cells with thin walls, is either entire or is crenulate due to projecting cells, and as in the scale has a few cells with oil-bodies. Club-shaped mucilage cells project from the edge of young scales but later wither off. The scales of the outer rows also show a few cells with oil-bodies but lack appendages. Sometimes cells forming the upper half



of each marginal scale have abundant mucilaginous contents and thickened angles (trigones). Sometimes, but not always, mucilaginous cells with only slightly thickened angles occur in the upper, outer portion of the laminar scales. The rhizoids are of 2 types, namely narrow rhizoids of diameter 13-16μ with thickened walls and conspicuous, peg-like, internal projections, and wider ones of diameter 32-68μ, which in some cases show rudimentary projections in the proximal portion but generally has smooth walls.

            
Cupules (gemma-cups) on the upper surface of the thallus are 4 mm. in diameter and 3 mm. high, cut on the rim into triangular lobes which are ciliate on their edges and drawn out at the top into fine points, often curved inwards (Fig. 5). A few oil-bodies occur in the cupule wall, and on its outer surface are short finger-like projections known as papillae. On the floor there arise disc-shaped gemmae, each attached by a minute stalk and showing 2 lateral growing-points. When mature, the gemmae break away from their stalks and, after dispersal by water or by splashing rain-drops, can grow into new plants.

          

          

            
Anatomy of the Thallus

            
In its structure the thallus shows differentiation into epidermis, photosynthetic layer and compact ventral tissue (Fig. 6). In transverse section it is 10 mm. deep in the central region and very gradually becomes thinner outwards into the wings. Oil cells, containing usually a single large brown oil-body as found in other 
Marchantia species, are scattered throughout. The epidermis consists of thin-walled colourless cells, which sometimes towards the edge of the thallus show projecting surface papillae (Fig. 7). It is interrupted by barrel-shaped air-pores enclosed by usually 6 tiers, each of 3-6 cells. The internal opening of the pore varies in appearance (Fig. 4), for cells of the lowermost tier alter in shape by swelling and shrinkage, as noted in 
Preissia by Goebel (1898) and described more fully by Walker and Pennington (1939). The movement is readily observable in material mounted in glycerine. The photosynthetic layer, 65μ deep, consists of one series of air chambers occupied by green filaments 3-4 cells high. The compact ventral tissue, 20-30 cells deep in the central region, consists of thin-walled cells indistinctly pitted.

          

          

            
Reproductive Structures

            
In spring and summer the thalli bear either antheridiophores (Fig. 2) or archegoniophores (Fig. 1), the male plants being
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M. Berteroana


Fig. 1: A female plant. × 1. Fig. 2: A male plant. × 1. Fig. 3: Under side of thallus. × 2. a. appendage, I. laminar scale, m. median scale, mg. marginal scale. Fig. 4: Air pores showing internal opening; in a, open; in b, closed. × 230. Fig. 5: Part of the rim of the cupule. × 75. Fig 6: Transverse section of part of the thallus. × 75. e. epidermis, p. photosynthetic layer, v. ventral tissue. Fig. 7: Transverse section of the thallus near the margin. × 200. p. papilla. Fig. 8: Spore. × 380. Fig. 9: Appendage. × 75. Cells with oil bodies are stippled. Fig. 10: Edge of the involucre. × 75.





somewhat larger than the female when grown under equivalent conditions.

            
The antheridiophore arises in August at the apex of a branch but usually comes to occupy a lateral position on the thallus due to rapid forward growth of vegetative branches. It has a stalk up to 3 cm. in height with 2 rhizoidal furrows but no air chambers, and a flat-topped head up to 18 mm. in diameter with 8 lobes green in colour except for a broad, colourless margin. Scales on the under side of the head are either colourless or reddish-brown.

            
The archegoniophore appears in September in a terminal position on the thallus. The stalk is up to 8 cm. high with 2 rhizoidal furrows as well as a band of photosynthetic tissue, and at the top shows a sparse development of slender, hyaline scales. The head is up to 12 mm. in diameter, slightly umbonate at the centre and with 9 linear rays slightly decurved (Fig. 1). On the under side between the rays lie the 8 receptacles, each protected by a hyaline, bilabiate involucre shortly lobed and fimbriate at the margin (Fig. 10). The receptacle at first carries archegonia and later several sporogonia, often 4-8. The pseudoperianth, which surrounds each sporogonium and its very thin calyptra, is hyaline, 1.5 mm. in length, and cut distally into pointed lobes. Between January and March the ripe capsules are projecting beyond the calyptra and the pseudoperianth. Each capsule has a wall strengthened wtih bands of thickening and contains bispiral elaters of length 350-540μ and maximum width 6μ, as well as smooth, spherical spores, 10μ in diameter and in colour a conspicuous buttercup-yellow (Fig. 8).

          

          

            
An Aberrant Form

            
A rather puzzling form thought to belong to 
M. berteroana occurs in some parts of New Zealand. Morphologically it maintains its distinctive features in cultivation but has not been induced to form antheridiophores or archegoniophores. The thallus is thin, with a wavy, crispate margin. Under a lens it appears blotchy, due to wide partitions between the areas of photosynthetic tissue. Papillae are plentiful on the upper surface, the internal opening of the air-pores is always surrounded by 4 cells and some of the tuberculate rhizoids have a crenulate wall.

          

        

        

          

2. M. foliacea Mitt.


in Hooker 
Fl. Nov. Zel. 2:168, 1855.

          

            
Distribution and Nomenclature

            
From an examination of the specimens on which Mitten based his description of 
M. foliacea, Evans has concluded that the material



involved was presumably from New Zealand (Evans, 1930). Evans gives the distribution of the species as New Zealand, Tasmania, Chiloé and Juan Fernandez.

            
In New Zealand at the present time 
M. foliacea is widespread. It tends to grow on drier and more freely-draining sites than does 
M. berteroana but often the 2 species are in close proximity and even intermixed. It shows an extremely wide range of forms some of which maintain their identity during several years under cultivation. However, in no case was a specimen considered to be sufficiently distinct to justify the erection of another species. Stephani's description of the appendages to the median scales as entire and on another page as subentire (Stephani, 1900) has caused some confusion in identification. Although in some specimens they are entire or subentire, in others they are vaguely and irregularly dentate, as Evans (1930) has mentioned.

          

          

            
Description of the Thallus

            
The thallus is 0.5-7 cm. long and 2-12 mm. broad with a wavy, entire margin. It grows parallel to the surface of the soil and branches dichotomously at intervals of 1-3 cm. with sometimes the two branches developing at equal rates and sometimes one overtopping and dominating the growth so that the other comes to occupy an apparently lateral position. New thalli form from adventitious shoots arising ventrally (Fig. 11). The upper surface of the thallus is smooth and usually glossy, green to yellowish-green or blue-green in colour with a very narrow, hyaline or purple margin. Under a lens it appears faintly, or in some plants distinctly, marked out into polygonal areas, each with a central whitish air-pore. The air-pores are 0.2-0.5 mm. apart. The under surface is green when plants are growing under shady conditions where the humidity is consistently high, but in more exposed situations the colour is reddish-brown or purplish-brown either towards the margin or over the whole width. There are two types of rhizoids, tuberculate rhizoids of diameter 5-25μ some of which may have wavy walls, and smooth-walled rhizoids of diameter 18-43μ with only a few rudimentary internal projections. On each side of the mid-line there is a single row of scales (median scales) and in a few plants an ill-defined second row of smaller, scattered scales (laminar scales), but in all cases the scales are confined to the central region, with the result that ½ to ⅔ of the total width of the thallus is free of scales (Fig. 13). The scales may have a few cells with oil bodies, and are purple except in plants of very shaded situations when they are colourless. The median scales carry an appendage of variable size and shape, usually ovate to cordate with an acute apex but occasionally



suborbicular or rectangular, 0.4-0.8 mm. long and 0.3-0.9 mm. broad, constricted at the line of junction with the scale and often 
[
gap —  
reason: unclear] at an angle upwards and backwards at this point. The appendage is either purple or pale yellowish-brown in colour, 
[
gap —  
reason: unclear]lly lacks oil bodies, and either has an irregular outline due to projections from some of the marginal cells or may be almost entire (Figs. 14-17).

            
The cupules containing the gemmae are 1.5 mm. high and 
[
gap —  
reason: unclear] mm. in diameter; they have a ciliate rim due to fringing filamentous hairs 1-8 cells high and 1-2, occasionally 3-4, cells wide at the base (Fig. 18). The gemmae have 2 lateral growing-points and are green except for colourless marginal cells and scattered cells with oil bodies.

          

          

            
Anatomy of the Thallus

            
In its internal structure the thallus shows the usual differentiation into epidermis, photosynthetic layer and ventral tissue (Fig. 19). In some plants the thallus is thin throughout; in others there is a prominent midrib region gradually becoming thinner outwards towards the margin. Oil bodies are present in some of the cells. The epidermis consists of colourless or almost colourless cells and near the centre of the thallus is often bistratose. In some specimens it has thin walls throughout and in others it has evenly thickened walls towards the margin, in the lower layer elsewhere or in both layers. The air-pores are bounded by 6-7 tiers of cells (Fig. 20a). Since the 4-6 cells which surround the internal opening can alter in shape, as noted by Goebel (1906), the appearance of the pore varies (Fig. 20 b, c, d). The photosynthetic layer, 65μ deep, consists of a single series of air chambers occupied by green filaments 3-4 cells high. The compact ventral tissue is some plants is colourless and thin-walled throughout; in other plants there are scattered, brown, thick-walled, sclerotic cells as noted by Goebel (1906). The upper part and sides of the mid-rib region often constitutes a wide zone where the cells harbour non-septate hyphae and have purplish or brown, firm walls indistinctly pitted. The lowermost cells of the thallus may also have purple walls.

          

          

            
Reproductive Structures

            

M. foliacea is dioicous. Plants with antheridiophores tend to be smaller than plants with archegoniophores and in some populations are extremely small. The antheridiophores appear in August in a terminal position on the thallus, but at a later stage may occupy an apparently lateral position as a result of onward growth of vegetative branches. Each has a stalk, 1-2 cm. high,
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carrying a few scattered, purple scales and in section showing 2 rhizoidal furrows but no photosynthetic tissue. The flat head 5-7 mm. in diameter has 4-8 lobes, often emarginate and bordered with purple (Figs. 11, 12). In specimens showing 4 lobes the sinuses are shallow. The margin of the head is thin but the central receptacle region of each lobe, where the antheridia are sunk in flask-shaped cavities, is thicker and below is covered with numerous purple scales.

            
The archegoniophores appear in August and September (Fig. 21). The stalk of the archegoniophore is up to 2 cm. in height, green for most of its length but tinged with purple at the base and carrying scattered, narrow, purple scales. In section it shows 2 rhizoidal furrows and a band of photosynthetic tissue. The mature head is almost flat and nearly circular in outline with a diameter of 8-12 mm. In colour the upper surface is either green all over or is margined with purple. At the periphery it is cut for ⅓-½ the distance to the centre into 7-11 broad, truncate rays, often upturned at the tip and, with the exception of the narrow basal pair, emarginate (Fig. 22). The basal sinus is deeper than the others. On the underside of the head are 6-10 receptacles alternating with the rays and each surrounded by a bilabiate involucre. Reddish-purple scales between the involucres give a purplish colour, augmented sometimes by purple edges to the involucres themselves. The involucre has a shallowly lobed, fimbriate edge (Fig. 23) and encloses a group of archegonia and later one or more sporogonia. The head of the young archegoniophore, as in other species of 
Marchantia, is hemispherical; as it flattens the 2 basal rays lengthen rapidly, producing for a time a tailed appearance which tends to persist in unfertilized heads where the other rays are poorly developed (Fig. 21). In November the yellowish-brown capsules are projecting beyond the involucres. They have bars of thickening on the wall and open at the top into about 6 lobes, thus exposing the mass of spores and elaters. The tetrahedral spores are 25-28μ in diameter and yellowish-brown when fresh, later shrinking somewhat and turning to brown. They have a tri-radiate marking and, as noted by Evans (1930), show vaguely reticulate ridges on the spherical face and at its periphery a wing with a wavy edge (Fig. 24). The elaters are bispiral, of length 340-750μ and maximum width 8.5μ, tapering gradually towards the tips.

          

        

        

          

3. M. macropora Mitt.


in Hooker 
Fl. Nov. Zel. 2:169, 1855.

          

            
Distribution and Nomenclature

            

M. macropora is known only from the North Island of New



Zealand, where it grows as large colonies on shaded, dripping-wet banks, and from N.W. Nelson. First described by Mitten in 1855, it has always been recognised as a distinct species.

          

          

            
Description of the Thallus

            
The thallus is up to 3 cm. long and 5 mm. broad, branching dichotomously at intervals of 5-15 mm. and tending to form a semi-rosette on the soil surface due to wide divergence of the branches (Fig. 25). New thalli arise from adventitious ventral shoots and grow over the old ones which then turn purplish-brown and die off. The upper surface is green to dark-green in colour and rough in appearance; under a lens it is seen to be definitely marked out by either colourless or purplish-brown partition lines into polygonal areas, each of which includes a large, elevated air-pore rimmed with white or rarely with purple. The air-pores are 1 mm. apart. The underside of the thallus is sometimes green with a colourless or a reddish-purple margin but usually is wholly reddish-purple. Two kinds of rhizoids, a tuberculate type of diameter 16 to 19μ and a smooth-walled type of diameter 22-32μ, form a narrow central strand and to either side lies a row of purple median scales and in some specimens an ill-defined row of smaller laminar scales (Fig. 26). The median scales carry an ovate to almost circular appendage of purple or brown colour, usually entire or sub-entire with an acute apex, but sometimes with marginal projecting cells (Figs. 27, 28). In size the appendage is variable, ranging in length from 0.23-0.4 mm. and in breadth from 0.16-0.25 mm. Both the scale and the appendage lack oil bodies, but cells of the scale from which tuberculate rhizoids arise are themselves tuberculate. The laminar scales are elliptic to ovate and obtuse, of length 0.25 mm. and breadth 0.16 mm., in colour purple.

            
Cupules containing disc-shaped gemmae lie medianly on the upper surface of some thalli (Fig. 29). Each cupule is a small, but comparatively tall, cup widening to a diameter of 1.5 mm. at the top and having papillate projections 1-2 cells high on the rim (Fig. 30). The gemmae, which are green right to the edge, usually have 2 lateral growing points, occasionally a third in either a near-terminal or a lateral position, and rarely a fourth (Figs. 31, 32).

          

          

            
Anatomy of the Thallus

            
In section the thallus shows a mid-rib region 1 mm. wide and 0.5 mm. in depth and a thinner marginal region. Oil bodies occur in some of the cells. The epidermis is unistratose towards the margin and near the centre but elsewhere is bistratose (Fig. 33).



Its cells contain small chloroplasts and near the edge of the thallus have thickened walls. It is interrupted by barrel-shaped air-pores, each surrounded by 8-10 tiers of cells. The outer circular opening is 0.12 mm. in diameter. The inner opening as noted by Stephani (1900) is of a distinctive pattern. Projecting inwards from the numerous cells of the 3 or 4 basal tiers are finger-like processes, the lowermost series being so long that they almost close the inner opening of the pore (Fig. 34). The projections contain small chloroplasts and like the wall of the pore are coated with resin. By trapping air they prevent flooding of the tissue beneath. The photosynthetic layer, up to 0.08 mm. in depth, consists of a single series of air chambers, occupied by branching green filaments 3-6 cells in height. The compact ventral tissue, 0.4 mm. in depth in the midrib region, has some sclerotic cells with thickened brown walls amongst the thin-walled cells (Fig. 33), and may harbour non-septate fungal hyphae; all of its cells have pitied walls.

          

          

            
Reproductive Structures

            

M. macropora like all other species of 
Marchantia is dioicous. The antheridiophore arises in early spring in a terminal position on the thallus (Fig. 35). It has a pale green stalk with 2 rhizoidal furrows but without air chambers and a flat excentric head of diameter 6 mm. × 3 mm., deeply cut into 4, or sometimes only 2, palmate lobes with thin and often upturned edges. A few narrow scales scattered along the length of the stalk and larger ones at its base and beneath the receptacles are purple in colour. Antheridia arise in 4 oval receptacles on the head and are mature in September, after which time the antheridiophores wither away.

            
The archegoniophore also arises in a terminal position on the thallus. The stalk is 10 mm. high, green in colour for most of its length and reddish-purple at the base. It carries a few scattered, purple scales and on one side presents a muricate appearance due to elevated air-pores. A transverse section shows 2 rhizoidal furrows and opposite these a broad band of photosynthetic tissue. The head is excentric, 5 mm. in breadth, and rough in appearance due to the prominence of the air-pores. It is cut half-way to the centre into 4 (occasionally 5) main lobes, each again divided for a short distance at the tip (Fig. 37). Under each lobe lies a receptacle (Fig. 38) protected by a colourless bilabiate involucre with a lobed, fimbriate edge tinged with purple (Fig. 36). Between the receptacles and at the top of the stalk are narrow, reddish-purple scales. There is no development of rays between the receptacles as in the other New Zealand species of 
Marchantia.



The receptacles carry a group of archegonia and later 1-4 sporogonia. During development each sporogonium is protected by a calyptra and by a pseudoperianth, but in November the ripe capsule is projected beyond the enclosing sheaths as a result of elongation of its stalk. The capsule is then 1 mm. long and golden-brown to brown in colour; it opens at the top into about
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10 short lobes so exposing a golden-brown mass of spores and elaters. The wall of the capsule is strengthened with short bars of thickening.

            
The spores are tetrahedral, of diameter 26-32μ, with a very faint tri-radiate marking as well as irregular low ridges, and have at the boundary of the spherical face a narrow wing of wavy outline (Fig. 39). The elaters are bispiral, of length 300-650μ and maximum width 9μ, tapering gradually towards the tips.

          

        

        

          
Notes on Other Species which have been Recorded for New Zealand

          
1. 
M. cephaloscypha St.

          

Hedwigia 22:51, 1883.

          
As noted above, this name is considered by Evans (1917) to be a synonym of 
M. berteroana L. et L. and must therefore be rejected.

          
2. 
M. fusca St.

          

Sp. Hep. 1:174, 1900.

          
The description is based on a young female plant collected by Petrie in New Zealand. The original specimen has not been seen, but the description suggests a young stage of 
M. foliacea.

          
3. 
M. kirkii St.

          

Sp. Hep. 1:164, 1900.

          
An examination was made of 5 specimens, on which the original description was based, now belonging to the Stephani Herbarium at Geneva. These had been collected by Helms at Greymouth, by Kirk at Stewart Island, by Petrie in New Zealand and by an unnamed person in Auckland. Some of these are considered to be 
M. foliacea and the only one with a well-developed archegoniophore is considered to be 
M. berteroana. The description then is a composite one covering portions of 2 already established species. It is suggested that the name 
kirkii be rescinded.

          
4. 
M. laccriloba Steph. ms.

          
This manuscript name of Stephani's has been published by Bonner (1953). An examination was made of the type specimen, a male plant collected by 
L. S. Gibbs near Auckland in 1907, and now in the Stephani Herbarium, Geneva. It is considered that it belongs to 
M. foliacea. The name 
laceriloba, therefore, is considered redundant.

          
5. 
M. nitida L. et L.

          
in Lehmann 
Nov. Stirp. Pug. 4:11. 1832.

          
This species is recorded for New Zealand by Hooker (1867). However. Evans, after examining specimens collected in New



Zealand and other islands of the Pacific and determined as 
M. nitida, has expressed the opinion that they are referable to other species (Evans, 1917). 
M. nitida is regarded either as a synonym of 
M. paleacea Bert. (Evans, 1917) or as closely resembling 
M. paleacea (Burgeff, 1943). Evans (1930) has expressed the opinion that 
M. paleacea is probably the nearest ally of 
M. foliacea. Doubtless there has been confusion between the species. It is considered that 
M. nitida is not present in New Zealand.

          
6. 
M. pileata Mitt.

          
in Hooker 
Fl. Nov. Zel. 2:169, 1855.

          
The description is based on a specimen with one archegoniophore. Two specimens collected by Colenso and labelled 
M. pileata in the herbarium of William Mitten were examined, and also part of a thallus collected and determined as 
M. pileata by Berggren. These are considered to correspond with forms of 
M. foliacea, in which case the name 
M. pileata is redundant.

          
7. 
M. polymorpha L.

          

Sp. Pl. 2:1137, 1753.

          
This species is listed as occurring in New Zealand by Frye and Clark (1937) on the authority of Evans (1930). However, it is not known to be established in New Zealand, although with such a cosmopolitan species, growing often in close association with human habitation, one cannot overlook the fact that it may be introduced at any time. One such plant has been seen in a greenhouse.

          

M. polymorpha in many respects resembles 
M. berteroana and, since both species are extremely variable, it is difficult to list reliable distinguishing features. The most dependable ones are found to be the lack of surface papillae on the head of the archegoniophore of 
M. berteroana, the narrow border of small cells on the scale appendages passing abruptly to larger cells, and the fact that the scales do not reach the edge of the thallus. The darkish midrib of most forms of 
M. polymorpha is also distinctive.

          
8. 
M. quadriloba Steph. ms.

          
This manuscript name of Stephani's has been published by Bonner (1953). It is based on a specimen with a mature archegoniophore collected by W. Gray from the Wairarapa in 1911. By courtesy of Dr. Bonner it was possible to examine this specimen. It is considered to belong to 
Asterella and not to 
Marchantia. The name 
M. quadriloba should therefore be rejected.

          
9. 
M. setchellii Pearson

          

Univ. Cal. Pub. Bot. 10:308, 1923.

          
The description is based on sterile plants with cupules collected by Setchell near Waimungu in 1904. By courtesy of the University



of California a specimen was made available for examination. The plant is considered to correspond with ones already included under 
M. foliacea, in which case the name 
M. setchellii is redundant.

          
10. 
M. tabularis Nees.

          

Nat. eur. Leb. 4:71, 1838.

          
This name is used by Hooker (1867), but, as mentioned above, it has been shown by Schiffner (1896) to be antedated by the name of 
M. berteroana L. et L.
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Gabe, M., et H. Saint Girons. 1964. Contribution a l'Histologie de Sphenodon punctatus Gray. Edition, du Centre National de la Recherche Scientifique, Paris, i-xi and 149 pp.

          

Many of
Tuatara's readers will remember the fascinating paper on the ecology of reptiles in the Sahara given by Dr. H. Saint Girons to the Biology Section, Royal Society of New Zealand, in September 1963. Though given in French this lecture was easy to follow with the help of a series of magnificent slides and the English text of the address supplied by the speaker. The primary object of Dr. Saint Girons' mission to the south west Pacific, however, was to obtain two live tuataras for histological study. This was accomplished, and the handsome and beautifully illustrated volume cited above contains the results of the study by Messieurs M. Gabe and H. Saint Girons, both divisional directors of the French Centre National de la Recherche Scientifique, an institution corresponding to the Australian C.S.I.R.O. or the New Zealand D.S.I.R.

          
For about forty years after its re-discovery and description by Guenther in 1867, the tuatara was the subject of a large number of special studies, including its histology. Since then, however, with the exception of 
W. H. Dawbin's preliminary publication in 1962 on its ecology, little if anything original has been published. Certainly no examination of tuatara's histology using modern techniques has been carried out. Moreover, recent work by Gabe, Saint Girons and their associates on the histology of endocrine glands of a wide array of reptiles belonging to other orders made a histological investigation of the tuatara particularly urgent.

          
The histology of the skin and its dermal products is followed by an examination of the respiratory and digestive tracts, the genital system and cloaca of both sexes. Special chapters are devoted to endocrine glands and the parietal organ. There are thirty-nine plates, of which three are in colour, depicting parts of the digestive tract and excretory system and some of the endocrine glands. An appendix gives references to the histological and histo-chemical techniques used by the authors in the present study.

          
It is generally agreed that the Rhynchocephalia belong to the subclass Lepidosauria, and are related to the extinct order Eosuchia and to the order Squamata which includes the suborders Lacertilia and Ophidia and contains some of the most successful modern reptiles. Lack of space prevents a detailed examination of the authors’ results, but some are of considerable interest for a better understanding of the systematic position of the Rhynchocephalia.

          
The skin, liver, small intestine and respiratory tract differ little in structure from those of other reptiles, but the urinary tube, the second sector of the female genital tract, the pituitary, thyroid and islets of Langerhans in the pancreas indicate an affinity with lacertilians. Other features, for example the structure of the stomach and uterine glands, show some resemblance to those of tortoises and turtles. Finally the authors have noted several histological aspects such as the special structure of the pituitary, and particularly the topography of the two types of adrenal cells and the presence of ‘sebaceous’ glands in the uterus and the absence of a phallus, which are unique among reptiles.

          
The authors recognise the limitations imposed by the small number of animals and, even more, by our inadequate knowledge of the tuatara's physiology and annual cycle. Modestly they conclude that … “nos



résultats font resortir l'intéret que répresenterait la véritable étude dynamique du tuatara, conduite en fonction du cycle vital et au moyen des techniques de l'histologie moderne’ — a challenge for New Zealand zoologists. — K.W.

        

        

          
Kiwi Science Colourbooks:


Whales by Dr 
B. Stonehouse


Butterflies of N.Z. by Dr 
J. T. Salmon


Opossums by Mr R. Kean


Gulls and Terns by Dr 
B. Stonehouse

          

            
Published 1964, 1965 by A. H. and 
A. W. Reed. Wellington, Edited by Dr 
B. Stonehouse. Priced at 8s. 6d. each.
          

          

These Four Books are an attractive addition to publications on New Zealand natural history. Although they are aimed at children in the 9-12 age group, their factual approach should appear to many older readers as well. Each book is of 32 pages, and deals with either a single species in the case of the opossum, or a group of related animals. The text of each is written by an authority, and sets out in a simple and concise manner to tell as fully as possible the story of these animals’ lives. A surprising amount of detail is packed into the relatively small amount of text. The illustrations are, to say the least, lavish — all of them in colour, and at least one on every page. They are all by the same artist, Eric Heath, who has done a very good and imaginative job.

          
Because these books focus on animals of New Zealand (to a lesser extent, Australia) they fill a void that has long been apparent — in doing this so well they are much to be commended.

          

            
J.A.F.G.

          

        

        

          
An Introduction to the Study of Insects


by D. J. Borror and D. M. DeLong

          

            
Revised Edition, published 1964, by Holt, Rinehart and Winston
          

          

This is a Considerably Improved Version of the original textbook published by the same authors in 1954.

          
The book is very well produced, handsomely printed on good quality paper, copiously illustrated with line drawings and half tone blocks. All orders are accompanied by keys for the separation of the various families, but it is a little disappointing to find the classification still rather conservative as compared with present day thinking on the general classification of insects. For example the old concept of the Orthoptera still remains and not even the Phasmidae have been separated off into a distinct order as is now generally accepted. The book contains a useful chapter on the relationship of insects to man and arthropods other than insects, though the latter chapter is very brief and gives very little useful information on the related terrestrial arthropods. The chapter on collecting and preserving of insects is useful for a beginner in giving general directions on insect collecting, but could



have been brought much more up to date in the techniques of relaxing and mounting on microscope slides. A rather novel addition to a textbook on entomology is furnished by the chapter on activities and projects in insect study which sets out useful techniques for keeping insects alive for study of insect morphology and insect function and for classroom methods on teaching and display. The book is primarily written for the North American reader, but nevertheless is an extremely valuable textbook for any student in entomology.

          

            
J.T.S.
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